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s uncertainty plays a salient role in economic life, proper models 
for capturing uncertainty and individuals' behavior under uncer-
tainty are crucial for a sound unders tanding of the economic 
world. While traditional economic theory has had its successes in 
providing such models, many economic issues cannot be satisfac-

torily explained within its f ramework. For example, in financial markets 
several phenomena remain unexplained: Why are asset prices usually more 
volatile than asset fundamental values? Why is it that asset prices may fall 
discontinuously or crash? Why are assets for initial public offering often un-
derpriced? Why do public announcements cause increased trading volume 
of assets? These and other open quest ions have prompted economists to 
search outside existing theoretical models for answers. One of the missing 
ingredients, according to recent economic research, may be the concept of 
information ambiguity. 

Uncertainty that an economic agent faces usually arises f rom the inaccu-
racy of available information. Different degrees of accuracy may serve to 
classify information into three categories. Consider drawing a ball f rom an 
urn that contains a number of balls, each with one of three possible colors: 
red, black, and yellow. If one is allowed to see the ball, information about its 
color is deterministic; if one is not allowed to see the ball but is given the ra-
tios of the three colors, then the chance that each color will be chosen is 
known and information about the color of the drawn ball is probabilistic; if 
one is neither allowed to see the ball nor given the exact ratios of the three 
colors, the exact chance for each possible color cannot be pinned down, and 
information about the color of the ball to be selected is ambiguous. 
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Economic information available to an agent can be 
classified into the same categories. Accordingly, the 
indeterminateness featured by probabilistic informa-
tion is called risk, and the indeterminateness caused by 
ambiguous information is called Knightian uncertain-
ty, after Frank Knight (1921), the first economist to 
distinguish between the two types of indeterminate-
ness. Subsequent to Knight ' s contribution, however, 
the formal mathematical framework for analyzing in-
formation and uncertainty has essentially ignored the 
class of information that is ambiguous, and the prac-
tice of theory has been to reduce both risk and Knight-
ian uncertainty to the single concept of risk. Whi le 

Pricing a stock is like evaluating a lottery, 

with its payoff contingent upon the future 

performance of the firm. 

such an approach offers the virtue of simplifying eco-
nomic models, it may ignore many important insights. 
Recent developments in decision science—the branch 
of economic theory that studies people 's rational be-
havior—have provided some tools for modeling infor-
ma t ion ambigu i ty , and e c o n o m i s t s have begun to 
apply them successful ly to solving puzzles in tradi-
tional economic theory.' 

This article provides a brief and intuitive illustra-
tion of why information ambigui ty—referred to syn-
onymously as Knightian uncer ta inty—is significant 
in rational decision making. The discussion demon-
strates one way in which information ambiguity may 
be modeled . Whi l e there are a number of decision 
theories that model rational choices under Knightian 
uncertainty, they are logically related, and focusing 
on only one—developed by Itzhak Gilboa and David 
Schmeidler (1989)—will serve the purpose of illus-
trating the basic intuition.2 The article also shows ap-
plications of the concept of Knightian uncertainty in 
the study of financial markets, confining itself to the 
issues raised earlier. 

Tlie Significance of 
Information Ambiguity 

Using lotteries as an example will facilitate the dis-
cussion of information ambiguity since lotteries are 
useful for modeling many economic issues. For exam-
ple, a contingency embedded in a financial asset is a 
kind of lottery, which entitles its owner to one of sev-
eral possible payoffs depending on the ou tcome of 
some future events. Therefore, pricing a stock is like 
evaluating a lottery, with its payoff contingent upon 
the future performance of the firm. As another exam-
ple, the effects of an economic policy may also be 
viewed in terms of a lottery whose payoff depends on 
other unknown factors. The following analysis of lot-
tery choices will be used to explain the so-called Ells-
berg paradox and demonstrate the role of information 
ambiguity in people 's behavior. 

To illustrate, imagine yourself in the following sce-
nario, which tests your choices . Suppose you have 
won a game in a carnival. Your award is a strange one: 
you are given the opportunity to get two lotteries. 

An opaque urn contains nine balls of identical size. 
Among them, three are red, and the other six are either 
all black, or all yellow, or some black and some yel-
low. As listed in Table 1, four lotteries—A, B, A ' , and 
B '—are based on drawing a ball f rom the urn. For ex-
ample, lottery A entitles its owner to a payoff of $1 if 
a red ball is drawn f rom the urn and to a payoff of $0 
if a black or yellow ball is drawn. Similar interpreta-
tions are for the lotteries B, A ' , and B'. 

The game host leads you to the urn and tells you ex-
actly the above information. He also points to a certifi-
cate signed by an independent agent, which confirms 
the contents of the urn. After you are convinced that the 
information given to you is true, the game host explains, 
"You will make two decisions: the first is to choose be-
tween lotteries A and B, and the second is to choose be-
tween lotteries A ' and B' . Then, you will draw a ball 
f rom the urn, and the color of the ball will detennine 
your cash award according to the lottery you have cho-
sen from A and B. After that, you will put the ball back 
in the urn and draw again. The color of the ball drawn 
next determines your additional cash award according 
to the other lottery you have chosen f rom A' and B' . 
Now, please choose lotteries and draw the balls." 

A l t h o u g h the cho ice be tween A and B and the 
choice between A' and B' may vary from one person 
to another, most people have the same choice pattern: 
A is preferred to B, and B' is preferred to A ' . In this 
discussion these will be referred to as the typical choic-
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es. The underlying intuition may be as follows. While 
lotteries A and B both have the same possible payoffs 
of $1 and $0, the chance for each payoff in lottery A is 
unambiguous but in lottery B is ambiguous. Choosing 
A over B "feels safer." A similar line of thinking would 
apply to the choice of B ' over A' . 

The El l sberg Paradox . Danie l El l sberg (1961) 
was the economist who first proposed a setup similar 
to that in the carnival for considering economic choice 
patterns. He reported casual tests on the choices of 
some decision scientists and economis ts , including 
some founders of orthodox decision theory. Other re-
searchers followed up with variants of his experiment 
in controlled environments, and it has now been es-
tablished that the above preferences are indeed a sys-
tematic pattern (Colin F. Camerer and Martin Weber 
1992). 

However,- there is a paradox in the above typical 
choices. Orthodox decision theory (Leonard J. Savage 
1954) "converts" ambiguous information into unam-
biguous information by assuming that a rational person 
has a unique guess about how many black or yellow 
balls are among the remaining six balls and makes de-
cisions based on the guess—more balls of a certain col-
or mean a greater chance for its corresponding payoff. 
If an agent follows this rule, preferring A to B should 
indicate that the ball combination is guessed to be less 
than three black balls or, equivalently, more than three 
yellow balls. However, preferring B ' to A ' indicates a 
guess that there are fewer than three yellow balls. The 
typical choices therefore imply more than one unique 
guess about the ball combination, which is inconsistent 
with orthodox decision theory (see Table 2). 

The essence of the Ellsberg paradox is that traditional 
decision theory has failed to capture the special charac-
teristic of ambiguous lotteries relative to unambiguous 
lotteries. An unambiguous lottery is one whose chance 
for each possible payoff is known, like lottery A, with 
its one-third chance for a payoff of $1 and two-thirds 
chance for a payoff of $0, or lottery B' , which has a one-
third chance for a payoff of $0 and two-thirds chance for 
a payoff of $1. In contrast, an ambiguous lottery is one 
whose exact chance for every possible payoff is not 
known, like lottery B or lottery A'. The reason for the 
ambiguity in this case is that the number of black or yel-
low balls is not known. In general, any information that 
is less accurate than can be represented by a unique 
probability distribution is ambiguous.3 

O r t h o d o x dec i s ion theory does not d i s t ingu i sh 
evaluation techniques for the two types of lotteries but 
approaches them in practically identical ways by as-
suming that an agent can always have a unique guess 

Table 1 
Choosing among the Lotteries 

Three balls Six balls 

Red Black Ye l l ow 

(Unambiguous) Lottery A $1 $0 $0 

(Ambiguous) Lottery B $0 $1 $0 

(Ambiguous) Lottery A' $1 $0 $1 

(Unambiguous) Lottery B' $0 $1 $1 

Table 2 
The Ellsberg Paradox 

There is a paradox in the typ ica l choices because . . . 

Three balls Six bal ls 

Red Black Ye l l ow 

"A is preferred to B" implies 
a guess such t h a t . . . 3 bal ls <3 bal ls >3 bal ls 

"B' is preferred to A ' " implies 
a guess such t h a t . . . 3 balls >3 bal ls <3 bal ls 

. . . but on l y one guess is a l l o w e d for the same sett ing 
in the o r thodox dec is ion mode l . 

about the underlying chances for the payoffs of an am-
biguous lottery. For example, an agent may have the 
unique guess that there are four black balls and two 
yellow balls and may make all choices according to 
this guess. In other words, the traditional techniques 
have denied that ambiguous lotteries have any eco-
nomic implications different f rom those of unambigu-
ous lotteries. It turns out that although such techniques 
are very successful in capturing people 's choices when 
only unambiguous lotteries are involved, they fail to 
capture people 's evaluation of ambiguous lotteries. 

Significance of the Paradox. The resolution of the 
El lsberg paradox is impor tan t because in theoret i -
cal models people 's economic decisions are often re-
duced to evaluating and choosing lotteries. Viewing 
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the economic world as a system of correlated uncertain 
economic variables, assume that behind the system there 
is an um that contains colored balls. The outcome of the 
economic world is determined by the color of the ball 
randomly drawn out. For example, to feature a system 
of e c o n o m i c var iab les that has f o u r poss ib l e ou t -
c o m e s — X , Y, Z, and W—with re la t ive chances of 
1/10:2/10:3/10:4/10, the urn may contain ten balls, with 
one ball (white) corresponding to the outcome X, two 
balls (green) corresponding to Y, three balls (gray) corre-
sponding to Z, and the other four balls (orange) corre-
sponding to W. Given that the economic world can be 
visualized as an urn containing colored balls, any eco-
nomic action—a portfolio choice, a production plan, a 
policy decision, and so forth—whose effect is contingent 
on the outcome of the economic world is then a lottery 
determined by the color of the ball randomly drawn. 

In many cases ambiguous lotteries are more appro-
priate than unambiguous lotteries for capturing essential 
economic realities. More and more evidence suggests 
that it is inappropriate to blur the difference between 
unambiguous lotteries and ambiguous lotteries as or-
thodox decision theory does. Knight (1921) empha-
sized the economic significance of this difference and 
pointed out that people 's economic behavior when fac-
ing uncertainty differs significantly f rom that when 
facing risk. This is the case because the uncertainty of 
an ambiguous lottery is more "uncertain" than the risk 
of an unambiguous lottery. The former involves one 
more fold of indeterminateness—not even the chance 
of each payoff is yet identified. This "one more fold of 
indeterminateness" in ambiguous lotteries and peo-
ple 's additional cautiousness in evaluating them are 
missing in the traditional models. 

Box 1 
Expected Value and Variance of an 

Unambiguous Lottery 

A lottery is represented by its random payof f—say , 
X. Denote the possible values of X by . . . , xn) and 
their corresponding probabilities by (pv . . . , pn). Its 
expected value, denoted by E[X], is then 

E[X]=xlP]+...+xnPn. 

Its variance, which measures the average deviation of 
the payoff f rom its expected value, is 

VAR[X] = (xx - E[X\fpx + . . . + (xn - E[X})2pn. 

Recent developments in decision theory have laid a 
foundation for more appropriate techniques for evaluat-
ing ambiguous lotteries. One example is the theory by 
Gilboa and Schmeidler (1989). Evaluation techniques 
based on such theories have provided a tool for model-
ing economic situations that involve ambiguous infor-
mat ion . 4 T h e fo l lowing sect ion reviews t radi t ional 
decision theory and then investigates ways in which the 
new developments in decision science capture informa-
tion ambiguity and Knightian uncertainty, along with 
their potential applications in financial markets. 

Evaluating a Lottery in the 
Orthodox Theory 

As s ta ted above , o r t h o d o x dec i s ion theo ry ap-
proaches both lottery types in similar ways based on 
the assumption that an agent can always have a unique 
guess about the chances for payoffs of an ambiguous 
lottery. The following discussion illustrates the evalua-
tion techniques for both types of lotteries. 

An Unambiguous Lottery. Consider lottery A in 
Table 1 as an example. Its evaluation rule is the answer 
to the following question: How much money (at most) 
is one willing to pay fo r this lottery? The (highest) 
price one is willing to pay for a lottery is called its cer-
tainty equivalent. (It may also be defined as the lowest 
price for which one is willing to sell it. The two defini-
tions are the same.) 

One quest ion is whether the certainty equivalent 
of this lottery is equal to the expected value, which is 
the sum of the possible payoffs of the lottery, each 
weighted by its chance of occurring (its probability) 
(see Box 1). For this lottery, it is 

$1(1/3) + $0(2/3) = $1/3. 

This is an intuitively sensible conjecture because the 
expected value is somehow related to the "average 
value." If one could play the lottery repeatedly, then 
the average payoff—the sum of all the payoffs divided 
by the number of repetit ions—would indeed approach 
the expected value $1/3, with a very small error. The 
more one plays, the more likely one is to get a small 
error. Therefore, a price of $1/3 would let one "break 
even on average" in the long run. However, this argu-
ment is based on the a s sumpt ion that lottery A is 
played repeatedly. What if there is not the chance to 
repeat? A mod i f i ed jus t i f ica t ion is as fo l lows: Al-
though one may not play the same lottery repeatedly, 
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playing many different and independent lotteries may 
also allow one to "break even on average" if the price 
for each lottery is set at its expected value (see Box 2). 

While this evaluation rule seems sensible, two im-
portant points are missing. First, the fluctuation of a 
lottery's payoff should discount its value because of 
one 's limited ability to incur losses. For example, if 
not for a limited ability to incur losses, one could get 
rich by hanging around in Las Vegas with a simple 
strategy: Start betting an arbitrary amount—say, $100; 
for the next bet, wager twice (or a million times if one 
is greedy) as much as was lost previously; and stop as 
soon as one wins. (Restart the cycle to win even more 
money.) However, gamblers often go broke because 
they do not have an unlimited ability to incur losses 
before they get rich. This premise underlies the "Gam-
bler's Ruin" (Morris H. DeGroot 1987, 82). 

Second, and more important to this discussion, is 
that people dislike uncertain situations because of not 
only their limited ability to incur losses but also their 
tendency to prefer sure gains—as the saying goes, "a 
bird in the hand is worth two in the bush." Suppose 
you are given the choice be tween two alternatives: 
Take $10 million and walk away, or play a lottery sim-
ilar to lottery A in Table 1—call it A ' — f o r which you 
could win $30 million for drawing a red ball and $0 
fo r d rawing a black or ye l low ball . Which opt ion 
would you prefer? If you are like the majority of peo-

Box 2 
Break Even on Average 

Consider unambiguous lotteries that are indepen-
dent of each other. Suppose the random payoff for lot-
tery 1 is X,, for lottery 2 is X 2 , . . . , and for lottery n is 
Xn. The average of the random payoffs , 

( X 1 + X 2 + . . . + X > , 

is distributed around the average of their expected val-
ues, 

( £ [ X 1 ] + £ [ X 2 l + . . . + £ [ X J ) / ; i , 

with a small variance, 

(VAR\X] 1 + VAR\X2\ + . . . + VAR[Xn])/n\ 

that is of magni tude l/n and approaching zero as n be-
comes big. 

The average payoff for playing the same lottery n 
t imes exhibits the same properties. 

pie, you prefer the first option, even though the ex-
pected value of lottery A* is also $10 mil l ion. The 
price you are willing to pay for lottery A* must there-
fore be less than $10 million. 

In general, the tendency for people to discount a 
lottery f rom its expected value is called risk aversion. 
The problem is how to redefine the certainty equiva-
lent to reflect risk aversion. The potential fluctuation 
of the payoff of a lottery needs to be incorporated. A 
natural measure of the fluctuation is the variance of 
the lottery payoff , which is the average deviation of 
the payoff f rom its expected value. For lottery A, the 
variance is introduced as follows. If the ball drawn is 
red (with one-third chance that it will be), the actual 
payoff is $1, and the difference of this payoff from the 
expected value $1/3 is $1 - $1/3; if black or yellow 
(with two-thirds chance), the actual payoff is $0 and 
the difference is $0 - $1/3. When the differences are 
summed, each term being weighted by its chance, the 
result is 

($1 - $ l /3 ) ( l /3 ) + ($0 - $ l/3)(2/3) = $0, 

which is not a good measure of the fluctuation because 
the positive deviation cancels the negative deviation. 
To correct this cancellation, sum up the squared differ-
ences, each term being weighted by its chance, to get 

($1 - $ l /3 ) 2 ( l /3 ) + ($0 - $l /3)2(2/3) = $2/9, 

which is called the variance of lottery A. The bigger 
the variance, the riskier the lottery is.5 Given this intu-
ition, one way to model the certainty equivalent of a 
lottery may be 

Certainty Equivalent = Expected Value - C x Variance, 

where C is a positive coefficient. The bigger the coef-
ficient C, the more risk averse the agent is. For exam-
ple, if the coefficient C is equal to 3/4, the agent will 
assign a certainty equivalent of $1/6 to lottery A be-
cause $1/3 - (3/4)($2/9) = $1/6—that is, he or she 
thinks lottery A is worth $1/6. 

One step remains in completing the evaluation rule. 
What is the remaining problem? Recall the two lotter-
ies A and A*, both contingent on the result of drawing 
a ball f rom the same urn, the only di f ference being 
that one has possible payoffs of $1 and $0 and the oth-
er has possible payoffs of $30 million and $0. Intu-
itively, an agent is more risk averse in regard to lottery 
A* b e c a u s e the payo f f is m u c h b igger . Gene ra l l y 
speaking, attitudes toward risk change with the wealth 
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Box 3 
Evaluating an Unambiguous Lottery with a Utility Function 

It is assumed that a payoff gives an agent a certain lev-
el of satisfaction, called utility. Mathematical ly, utility is 
represented as a function of payoff , called the utility func-
tion. Suppose a lottery X has possible payoffs (A,, . . . , xn) 
with probabilit ies (pv . . . , pn) and U(x) is the utility level 
of an agent when payoff x is received. Then the certainty 
equivalent of lottery X is a price P such that 

U(P)=piU(xl) + ...+pnU(xn.) = E[U(X)l 

where E[U(X)] is called the expected utility of lottery X. 
On the basis of its expected utility, a lottery is ranked. In 
other words , when an agen t ' s action de termines which 
lottery she will have, she chooses an action such that the 
ensuing lottery yields the highest expected utility. 

T w o properties are usually attributed to a utility func-
tion. One is that it is increasing in payof f—tha t is to say, 

a higher payoff gives higher satisfaction, which is a rea-
sonable statement. The other is that a utility funct ion in-
creases at a dec reas ing rate : fo r example , $20 mil l ion 
gives more satisfaction than $10 million but not twice as 
much. This latter property ensures that an agent discounts 
a lottery f rom its expected value, which is a generalized 
representation of risk aversion. Among its many niceties, 
this representation al lows for risk aversion to change with 
wealth. In the context of this article, the formula for com-
puting the certainty equivalent P of lottery X: 

P = E[X] - C Var[X], 

is an approximat ion of the expected utility theory in a 
special case (Chi-fu Huang and Rober t H. Litzenberger 
1988, 59-62). 

involved. The above evaluation rule is cumbersome in 
representing such changes because its only f ree pa-
rameter is the coefficient C—that is, because higher 
risk aversion is represented by a higher value of C, the 
value of C mus t be ad jus ted as an agent ' s at t i tude 
changes with wealth level. If this is the case, C is no 
longer a constant, which is not a very convenient fac-
tor for analysis. This scenario motivates the expected 
utility theory, which is a natural generalization of the 
above evaluation rule. Interested readers are referred 
to Box 3 for a brief illustration of the theory. 

An Ambiguous Lottery. Lottery B in Table 1 is an 
e x a m p l e of an a m b i g u o u s lottery. B e c a u s e all the 
chances for the payoffs are not known, the techniques 
developed for unambiguous lotteries are not directly 
applicable. However, a simple trick bridges the gap: 
Assume that an agent has a unique guess about the 
number of black or yellow balls in the urn—one black 
ball and five yellow balls, for example. Using the tech-
niques for unambiguous lotteries, the agent computes 
the certainty equivalent on the basis of the ball combi-
nation as guessed. With this approach, lottery B is the 
same as an unambiguous lottery. 

There is, of course, one question that must be an-
swered in order to complete such an evaluation rule: 
What is the relationship between the ball combination 
as guessed by the agent and the true ball combination 
in the urn? Current economic theory assumes a blunt 
answer: They are identical. What, then is the justifica-
tion for such an assumption? 

Answer A: The agent learns through time. As the 
balls are drawn from the urn again and again, the 
agent modifies her guess, which gradually approaches 
the true ball combination. This answer essentially ig-
nores the fact that there are cases in which balls may 
not have been drawn repetitively before. Consider a 
new firm, for example, that issues stock to raise capi-
tal. One may not have enough information to figure 
out the chance for each of its possible dividend levels. 
To determine the price of the stock, one is essentially 
dealing with an ambiguous lottery. The above argu-
ment simply ignores that such cases exist. 

Answer B: People who have a "wrong" guessed 
ball combination in mind will be weeded out by com-
petition from those who happen to have the "correct" 
guess. Therefore, models with all agents having the 
"correct" guess in mind represent the essence of the 
economic world. In r ea l i ty , the m i s m a t c h of the 
guessed ball combination and the true ball combina-
tion will not necessarily lead one to ruin. One possible 
scenario is that agents with "wrong" guesses may dis-
tort market prices to such an extent that agents with 
"correct" guesses may be intimidated, constrained by 
financial ability to rectify the distortion or by time lim-
itations on outwaiting the distortion, and the incorrect 
guessers remain alive and well in the markets. More-
over, the "wrong" guessers may earn higher average 
return by bearing the additional risk of the price dis-
tortion they have created (J. Bradford De Long and 
others 1990). In other words, the agents with "wrong" 
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guesses—in traditional theory called "irrational" mar-
ket participants—will not necessarily be weeded out. 

In summary, the evaluation rule for an ambiguous 
lottery in the traditional decision theory consists of two 
points: (1) A rational agent forms a unique guess of 
how many balls of each color are in the urn and com-
putes the certainty equivalent of the lottery based on the 
guess (Savage 1954). (2) The guess is always correct. 

Practically speaking, this evaluation rule has denied 
the need to distinguish an ambiguous lottery from an 
unambiguous lottery since "the guess is always cor-
rect." However, as the Ellsberg paradox demonstrates, 
the above techniques for evaluating an ambiguous lot-
tery are not consis tent with mos t people ' s choices . 
This inconsistency motivates revising the orthodox de-
cision theory.6 

A New Approach to Evaluating an 
Ambiguous Lottery 

One such revision features Knightian uncertainty 
and resolves the Ellsberg paradox. From the discus-
sion in the first section, it is clear that any model with 
a single guessed ball combina t ion will not achieve 
this goal. Furthermore, it is observed that the ambigu-
ous lotteries, B and A ' , are inferior when the other 
conditions are "comparable" to their respective unam-
biguous counterparts , A and B ' . With this intuition 
gained from the example of the nine-ball urn, it may 
be conjectured that an agent has several guessed ball 
combinations in mind instead of a unique one and uses 
one of the guessed ball combinations to compute the 
certainty equivalent of each ambiguous lottery. The 
choice of the guessed ball combination may vary for 
different lotteries and reflect the c o m m o n sense of 
"playing it safe"—that is, the agent picks a guessed 
ball combination that provides a conservative evalua-
tion of each lottery. 

Gilboa and Schmeidler (1989) have formalized the 
theory of such a modification (see Box 4). They have 
proposed a set of rules that a rational agent may have 
fo l l owed in eva lua t ing lo t ter ies , and the ru les are 
equ iva len t to c l a iming that an agen t has mul t ip l e 
guessed ball combinations in mind and evaluates an 
ambiguous lottery conservatively: The agent evaluates 
it according to the "worst" guessed ball combination 
to get the "lowest certainty equivalent." As risk aver-
sion is the tendency to discount the certainty equiva-
lent of an unambiguous lottery f rom its expected value 
because of the indeterminateness of its payoff, the ad-

ditional discount for an ambiguous lottery in the above 
evaluation rule is called uncertainty aversion. Without 
detailed mathematical derivations, the example of the 
Ellsberg paradox can help provide an intuitive illustra-
tion of the theory. 

It is plausible to suggest that an agent has seven 
guessed ball combinations in mind: the first one with 
no black balls and six yellow balls, the second one with 
one black ball and five yellow balls, and so on. When 
making choices, the agent will pick one f rom among 
the seven guessed ball combinations and treat it as if it 
were the true ball combination. Which ball combina-
tion is picked for evaluating each of the lotteries A, B, 
A' , and B'? To be consistent with the behavior of most 
people, the rule supposes that the agent "plays it safe." 
That is to say, the agent thinks about the worst scenario 
and acts as if that were the case (Table 3). 

The worst case for lottery B is to be evaluated with 
the guessed ball combination that has no black balls and 
six yellow balls. The agent therefore should calculate 
the certainty equivalent of lottery B with this guessed 
ball combination. For lottery A, the seven guessed ball 
combinations give the same certainty equivalent, which 
is higher than the worst case for B. For this reason, the 
agent prefers A to B. 

The worst scenario for lottery A ' is to be evaluated 
with the guessed ball combination that has no yellow 

Box 4 
Expected Utility Theory with Multiple Priors 

and the Maxmin Rule 

Gilboa and Schmeidler (1989) propose a set of rules 
that a rational agent may have followed in evaluating 
ambiguous lotteries. Their rules are equivalent to the 
following claim: The agent has a utility function U(x), 
where x is the payoff, and multiple subjective probabil-
ities, denoted by jc,, . . . , %n, which form a set II. The 
certainty equivalent of lottery X is a price P such that 

U(P)=MINnenE[U(X)\n]. 

The essence of this evaluation rule is that an agent is 
conservative when information is ambiguous, which is 
to say that he or she reacts with uncertainty aversion. 
When choosing among different lotteries, an agent will 
pick the one with the maximum certainty equivalent. 
The choice is determined by the solution of 

MAX MINnenE[U(X)\n], 

which is the so-called maxmin rule. 
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balls and six black balls. This guessed ball combina-
tion should be used to compute the certainty equiva-
lent for lottery A ' . For lottery B ' , the seven possible 
guessed ball combina t ions give the same cer tainty 
equivalent, which is higher than the worst case for A' . 
The agent 's preference, therefore, is for lottery B' . 

This illustration demonstrates how a theory of mul-
tiple guessed ball combinat ions plus the "playing it 
safe" rule explains the typical choice pattern. As a re-
sult, the Ellsberg paradox is resolved. 

The next point to be addressed is the relationship 
between the guessed ball combinat ions and the true 
ball combination. It is assumed that, in most economic 
applications, the guessed ball combinations of a ratio-
nal agent "match" the true ball combination in the fol-
lowing way: Among the guessed ball combinat ions, 
there is one that is identical to the true ball combina-
tion. This assumption reflects the idea that a rational 
agent may not be able to weed out all the incorrect 
guessed ball combinat ions when information is am-
biguous, but she does not want to miss the true ball 
combinat ion that serves as the grain of truth buried 
among the guessed ball combinations. As an example, 
in the nine-ball urn game, the agent 's seven guessed 
ball combinations include the true ball combination. 

The assumption does not require that agents always 
inc lude all the poss ib le ball combina t ions in their 

Table 3 
Resolving the Ellsberg Paradox 

Evaluat ing Lotteries w i t h M u l t i p l e Guesses 

Red Black Ye l l ow 

(Unambiguous) Lottery A 
3 bal ls 6 bal ls 

(Unambiguous) Lottery A 
$1 $0 

(Ambiguous) Lottery B 
3 balls 0 balls 6 balls 

(Ambiguous) Lottery B 
$0 $1 $0 

(Ambiguous) Lottery A ' 
3 balls 6 balls 0 balls 

(Ambiguous) Lottery A ' 
$1 $0 $1 

(Unambiguous) Lottery B' 
3 balls 6 balls 

(Unambiguous) Lottery B' 
$0 $1 

W i t h a "safe" guess for each lottery, it f o l l ows that A is 
preferred to B and B' is preferred to A ' . 

guesses, as in the above example, nor does it mean 
that there is no chance that agents miss the true ball 
combination. Instead, the idea is that in most econom-
ic situations, most agents will have a reasonably wide 
band of guesses that contains the true ball combina-
tion, leaving only an insignificant number of agents 
having too narrow a band of guesses and missing the 
true ball combination (see Box 5). 

The new rule for evaluating an ambiguous lottery is 
summar ized as fo l lows: (1) A rational agent fo rms 
multiple guesses about the ball combination, picking 
the "worst" one to compute the certainty equivalent of 
the lottery. (2) The set of guessed ball combinations 
contains the true ball combination. 

Some Applications of 
Information Ambiguity 

Economists keep modifying their theories in attempts 
to better match empirical observations and predict fu-
ture outcomes. Introducing the idea of information am-
biguity is such an example. It will be useful to review 
some applications of the concept and consider how it 
aids in the understanding of financial markets. 

A financial asset, say, a bond or a stock, is a legal 
contract that entitles its owner to one of a set of possi-
ble payoffs or payoff streams contingent upon the fu-
ture outcomes of some uncertain factors, such as the 
state of the economy, the performance of the firm, the 
overall demands in the financial markets, and so on. 
As economists compare uncertainties in the economic 
world to uncertainties in gambling games, a financial 
asset is likened to a lottery. The models for pricing a 
financial asset therefore are based on techniques for 
evaluating a lottery, as discussed above. 

An unambiguous lottery models a f inancial asset 
whose fundamental value has a known chance for each 
possible level—that is, each uncertain economic vari-
able contributing to the fundamental value has been 
repeatedly observed before and its outcomes have ex-
hibi ted cer ta in f r equenc ies . An a m b i g u o u s lot tery 
models a financial asset whose fundamental value is 
determined by uncertain economic variables that have 
not been repeatedly observed before. Such economic 
variables commonly exist given that repetitive obser-
vations of an economic variable are feasible only if the 
variable persists in the economy, and many uncertain 
variables like political shocks are unique, by nature 
denying repetitive observations. One example is the 
opening of the East European market after the Berlin 
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Box 5 
Too Conservative or Not? 

One may suspect that an agent is being perhaps overly 
conservative in choosing the worst among the seven pos-
sible ball combinat ions to evaluate the lotteries. In other 
words, does the theory proposed by Gilboa and Schmei-
dler (1989) al low different ia t ing degrees of uncertainty 
aversion? The answer is yes. 

The theory accommoda tes different ial conservat ive-
ness by varying the number of guessed ball combinations. 
For example, if another agent is less uncertainty averse, 
he may shrink his guesses to three ball combinations: the 
f i rs t is that there are t w o b lack bal ls and fou r ye l low 
balls; the second, three black balls and three yellow balls; 
and the third, four black balls and two yellow balls. This 

agent ' s evaluations of the ambiguous lotteries B and A ' 
will be higher than those of the previous agent. However , 
the choice pattern of "A is preferred to B and B ' is pre-
ferred to A " ' is still explained. 

One may question whether the agent ' s three guessed 
ball combinations include the true ball combinat ion. The 
answer is, not necessari ly . However , the assumpt ion is 
that the guessed ball combina t ions do include the true 
ball combinat ion because in most cases it is reasonable to 
believe that most people are uncertainty averse to such an 
extent that their set of guesses is wide enough to cover 
the true ball combination. That is to say, this assumption 
represents the essence of most economic situations. 

Wall crumbled. Other uncertain factors that appear to 
persist may in fact have to be viewed differently be-
cause of the evolution of environments. For example, 
as the structure of the financial markets has changed, 
the monetary policy of the Federal Reserve today may 
not be treated as the same variable it was fifteen years 
ago. 

Two caveats should be stated. First, as observed ear-
lier, there are several decision theories that differ slight-
ly in their mathematical formulations, but all essentially 
aim to capture the notion of information ambiguity. For 
the purposes of this discussion, the application exam-
ples presented here are demonstrated using the deci-
sion theory of Gilboa and Schmeidler (1989). Any of 
the others might have served as well. 

Second, each of the problems discussed below is a 
research area in and of itself. There may be other theo-
ries that provide alternative or complementary answers 
to the issues raised. It is not the intent of this paper to 
survey those areas, however, so the discussion will be 
limited to an intuitive illustration of plausible explana-
tions based on information ambiguity. 

Underpr ic ing of Initial Publ ic Offer ings . It is 
an empirical fact that most assets exhibit higher-than-
average return af ter their initial public offer ings. In 
other words, they are usually underpriced when initial-
ly offered (see Roger Ibbotson 1975). This pricing is 
inconsistent with efficient markets theory, which pre-
dicts that any such abnormally low prices would be ar-
bitraged away. Keuk-Ryoul Yoo (1990) explains this 
puzzle by obse rv ing that outs ide investors usual ly 
view a new asset as an ambiguous lottery because they 
lack knowledge about its historical returns. When they 

evaluate it, they tend to follow a conservative approach 
by underpricing it. After the asset is issued, people ac-
quire more information, ambiguity declines, and the 
price rebounds. 

Price Crashes. Any standard f inance textbook is 
likely to include the statement that the price of a finan-
cial asset is determined by information about its fun-
damental value in such a fashion that no price drop is 
possible without commensurate adverse news (see, for 
example , Huang and Li tzenberger 1988). The price 
crash of 1987, among other less dramat ic ones, has 
challenged this theory. 

Jie Hu (forthcoming) demonstrates the plausibility 
of price crashes in terms of information ambiguity. Be-
ing an ambiguous lottery, an asset can be overvalued 
when a marketmaker is dealing with more buy orders 
than sell orders in a bull market, and in turn it can be 
undervalued when the marketmaker deals with more 
sell orders than buy orders in a bear market.7 Deep in a 
bull market, if trade orders due to liquidity demands 
fluctuate such that the overall orders switch f rom net 
demand to net supply at a point in time, then the asset 
price will fall f rom its overvalued level to its underval-
ued level. Such discontinuous price drops do not neces-
sarily require any bad news as a catalyst and therefore 
can provide a plausible cause for price crashes. 

Volatility of Asset Prices. According to the stan-
dard representat ion of ef f ic ient markets theory, the 
price volatility of a financial asset cannot exceed the 
volatility of its fundamental value. This observation is 
not consistent with empirical f indings, however (see 
Stephen F. LeRoy 1989, fo r example) . J ames Dow 
and Sergio Ribeiro da Costa Werlang (1992), Larry 
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Epstein and Tan Wang (1994), and Hu (1993) demon-
strate that information ambiguity can cause the excess 
price volatility. 

Consider a marketmaker who executes trade orders 
with a price schedule with "positive slope." (A bigger 
buy order is executed at a higher unit price, or, equiva-
lently, a bigger sell order is executed at a lower unit 
price). The steeper the price schedule, the more sensi-
tive the price is to demand fluctuations, and the more 
volatile the price is. Information ambiguity increases 
the slope of the price schedule. 

The reason the price schedule is positively sloped is 
that higher asset value leads to higher demand f rom 
better- informed traders and therefore higher overall 
demand, which warrants a higher price. Because it is 
f luctuation in the fundamenta l value that drives the 
f luctuat ion of informed t raders ' demand , it fol lows 
that the price volatility should be proportional to the 
fundamental value volatility. However, when the fun-
damental value of a financial asset is ambiguous, the 
marketmaker will "play it sa fe" by exaggerating his 
own information disadvantage. The result is a steeper 
price schedule than might be expected—and a more 
volatile price. 

Trading Caused by Information Release. Tradi-
tional theory claims that neither public nor private in-
formation causes trading among rational people if they 
agree on the interpretation of information and the port-
folios are balanced before the information has arrived 

(see Paul Milgrom and Nancy Stokey 1982, for exam-
ple). However, high trading volume observed around 
corporate announcement dates contradicts that state-
ment (see William Beaver 1968, 91). Dow, Vicente 
Madrigal, and Werlang (1990) resolve the problem by 
considering information ambiguity. They reason that 
the return on a financial asset may be ambiguous and 
featured by mult iple probabili t ies. New information 
may resolve the ambiguity, and when it does so there 
is portfolio rebalancing among investors. 

Conclusion 

While risk is the inde te rmina teness fea tu red by 
probabilistic information, Knightian uncertainty is the 
indeterminateness fea tured by ambiguous in forma-
tion. Information ambiguity exists widely in the eco-
nomic world, and Knightian uncertainty has profound 
e f f e c t s on e c o n o m i c behav ior . Howeve r , the eco-
nomics profession has ignored the significance of in-
format ion ambigui ty until very recently. The math-
ematical representation of information -ambiguity is 
only in its developmental stage, but applying the con-
cept of information ambiguity to analysis has already 
yielded new and useful insights into many economic 
phenomena. 

1. The British economist G.L.S. Shakle (1955) developed a the-
ory of choice based on nonprobablistic descriptions of uncer-
tainty. While similar in spirit to Knightian uncertainty, this 
theory has yet to gain wide acceptance. 

2. Others include Bewley (1986), Gilboa (1987), and Schmei-
dler (1989). No judgment is implied about the relative virtues 
of the various decision theories. For a survey, see Camerer 
and Weber (1992). 

3. A probability distribution is simply a listing of all possible 
outcomes of a lottery with their probabilities of occurring. 

4. Hart (1974) establishes the conditions necessary for choice 
theories, such as the ones discussed here, to be consistent 
with financial market equilibrium. 

5. Variance measures the tightness of spread of a probability 
distribution around its expected value and is used extensively 
in finance as a measure of risks. 

6. For an application of the orthodox theory to the forecasts of 
corporate earnings made by security analysts, see Ackert and 
Hunter (forthcoming). For a theoretical explanation of how 
"irrational" security analysts are able to remain gainfully em-
ployed while making inaccurate forecasts of corporate earn-
ings, see Ackert and Hunter (1994). 

7. When a marketmaker expects to end up with net sales of an 
ambiguous asset, she will set the price at the high end for 
protection. The opposite happens in a bear market. 
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