
Bulletin of the Psychonomic Society
1993. 31 (6), 624-626

The effects of probability ambiguity on
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Many studies have investigated judgment and decision making under uncertainty (i.e., when
the possible outcomes of a given alternative occur with some known exact probability between
oand 1). Fewer studies, however, have investigated judgment and decision making in which the
probabilities associated with different outcomes are ambiguous (i.e., known to be in a certain
interval such as .40-.60, rather than known to be a specific value such as .50). Judgment under
both uncertainty and ambiguity was investigated by having subjects evaluate two-outcome
prospects that varied in expected value, level of probability ambiguity, and the center of the ambig
uous probability range. Results indicated a preference for unambiguous probabilities when the
probability of obtaining the better outcome was .50 or greater and a preference for a small amount
of ambiguity when the probability of obtaining the better outcome was moderately low (.30).

The process of making judgments and choices is one
that occurs frequently in our lives. Whether we are evalu
ating two job offers , deciding whether or not to purchase
a particular automobile, or judging the attractiveness of
a new home or apartment, we are engaging in a process
of determining our preferences in an uncertain environ
ment-that is, we are rarely certain of the outcomes as
sociated with the object or prospect. Research investigat
ing judgment and decision in these types of contexts has
often relied on the use of some version of (subjective) ex
pected utility theory (see, e.g., von Neumann & Morgen
stern , 1947) . The focus in these studies is typically on
predicting a person's judgment or choice from the likeli
hood of and the person's evaluation of each outcome. This
approach is generally referred to as the study of judgment
under uncertainty because each choice alternative has
more than one possible outcome and each outcome can
not be predicted with certainty but rather with some prob
ability between 0 and I . Recently, some theorists have
recognized that in many decision-making contexts , there
exists a range or interval of probabilities for each possi
ble outcome, something that has been called probability
ambiguity (Becker & Brownson, 1964; Curley & Yates,
1985; Einhorn & Hogarth, 1985). Although there have
been several different definitions of " ambiguity" in the
literature, in this paper we will use Becker and Brown
son's (1964) definition of ambiguity as "any distribution
of probabilities other than a point estimate" (p. 64).

The question of if and how probability ambiguity af
fects preferences is an important one today since deci-
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sion makers are more frequently provided with probabil
ity estimates that are ranges or intervals rather than simple
point estimates. For example, the success of a medical
treatment may be characterized as 40 %-60% rather than
as 50 %. Although recognizing variability in probability
approximations and providing interval estimates seems to
be an important and helpful aid to decision makers, re
search in a number of contexts has indicated that deci
sions and judgments may differ depending on whether one
has point or interval probability information (see, e.g .,
Curley & Yates, 1985; Gardenfors & Sahlin, 1983).
These studies typically compare responses to unambigu
ous prospects such as " receiving X with probability .5
or receiving Y with probability .5," with responses on
ambiguous prospects such as "receiving X with some
probability in the range .4 to .6 or receiving Y with some
probability in the range .4 to .6 in which all probabilities
in the range are equally likely."

One of the earliest theoretical approaches in the area
of ambiguity and judgment was that of ElIsberg (1961),
who noted that in many contexts people violate the pre
dictions made by traditional probability theory (Savage,
1972). ElIsberg speculated that the decision maker would
avoid ambiguity if given a choice between certain and am
biguous probabilities. This notion has been supported by
research in a number of domains, and, in some cases, sub
jects have indicated a willingness to pay a premium for
an unambiguous prospect in order to avoid an ambigu
ous prospect with an equivalent expected value (Becker
& Brownson, 1964) . We should note that ElIsberg sug
gested (see Becker & Brownson, 1964, p. 63) that people
may prefer ambiguity when the probability of a favor
able outcome is very low; however, no research has re
ported this ambiguity-seeking preference.

A study by Curley and Yates (1985) exemplifies re
search on ambiguity preference. These researchers pre
sented subjects with pairs of prospects, each having two
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possible outcomes, that were equivalent except that the
prospects differed in terms of probability ambiguity. Each
prospect specified the possibilities of winning $5 or win
ning nothing, but these researchers used prospects with
probabilities that were unambiguous (the exact probabil 
ities of the two outcomes were known) , known to be in
a range of ± .10 (a range covering .2 1), or known to be
in a range of ±.20 (a range covering .41). Overall, people
seemed to be ambiguity-avoidant, preferring the prospects
with unambiguous probabilities . However, the level of
ambiguity avoidance exhibited by subjects was dependent
on the center of the probability range-subjects were
ambiguity-avoidant only when the probability of winning
$5 (or the center of the probability range) was at least
.50. Ambiguity level had no effect when the center of the
probability range was less than .50 .

This study was designed to replicate and extend the re
sults found by Curley and Yates (1985). We extended
their study in three important ways. First, as many deci
sion makers working under probability ambiguity have
fairly precise estimates of the true probabilities, we
decided to examine prospects with narrower probability
intervals than those used by Curley and Yates . In this
study, we used prospects with ambiguity intervals of ±.08
(labeled extreme ambiguity), ± .04 (labeled moderate am
biguity), or ± .OO (exact probabilities, labeled unambig
uous) . Second, Curley and Yates used different proba
bilities (interval centers) of winning $5, while holding the
amount to be won constant. Thus, any differences between
the interval centers could be attributed to differences
among the probabilities of winning or to differences in
the expected values of the prospects. In this study, we
assessed the interactive effects of probability ambiguity
with both expected value and probability of winning (in
terval center). We did this by varying the probability of
winning (.10, .30, .50, .70, or .90) while altering the
amount to be won in such a way as to hold expected value
constant . We examined expected value by constructing
two sets of prospects with expected values of either $1.50
or $2. Third, for a given probability of winning (interval
center), Curley and Yates presented all possible pairs of
prospects differing in probability ambiguity and asked sub
jects which prospect they would rather play and the degree
to which they preferred the chosen prospect to the un
chosen prospect. Recognizing that peoples' judgments
often exemplify "preference reversals" (Lichtenstein &
Slovic, 1971) when measured in different ways, we ob
tained independent ratings of each prospect on two bipo
lar scales to see if our results would be similar to those
obtained previously. Also, this measurement procedure
allowed us to see how preferences for prospects of equal
expected value are influenced by the probability of get
ting the better outcome. We predict that people will prefer
higher probabilities of winning, although they will win
a smaller amount of money than when the probability of
the better outcome is low (a " preference for certainty
of winning" effect). Thus, we can informally compare
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the effect of this "certainty" effect with the effects of
"ambiguity. "

METHOD

Subjects and Design
The subjects were 39 students in an upper-level psychology class at

Virginia Commonwealth University who received partial course credit
and the chance to win some money in return for their participation. Six
subjects who failed to rate one or more prospects were eliminated from
the analysis, so the final sample consisted of 33 subjects. We constructed
30 prospects with two possible monetary outcomes : receiving no money
with probability I - p and receiving some amount of money with prob
ability p . The prospects differed in terms of expected value ($1.50 or
$2) , the probability of winning some amount of money (p, which could
take on values of .10, .30, .50, .70, or .90), and probability ambiguity
prospects were unambiguous (exact probabilities known), "moderately"
ambiguous (probabilities known to be in a range of ± .(4) , or "ex
tremely" ambiguous (probabilities known to be in a range of ± .08) .

Procedure
The subjects were tested in a large classroom in which they were seated

with at least one empty desk between any 2 subjects . The subjects were
given a booklet that listed the 30 prospects in a random order. The sub
jects were given response sheets on which they rated each prospect on
two 2 I-point bipolar scales corresponding to the following questions :
(1) Do you feel this is a good prospect or a bad prospect? and (2) How
willing are you to play this prospect? The average of these ratings served
as the preference measure , in which higher numbers reflected greater
preference. I After rating all 30 prospects , each subject played one of
the prospects, received any winnings, was debriefed, and then dismissed.

RESULTS

The preference ratings were analyzed using a 2 (ex
pected value) x 5 (interval center) X 3 (ambiguity level)
analysis of variance. There was a significant main effect
for interval center [F(4,128) = 54.89, p < .01]. As one
can see from the means plotted in Figure 1, the higher
the probability of winning (interval center) , the more the
subjects preferred the prospect. The only other signifi
cant effect was an interaction between probability of win
ning (interval center) and level of ambiguity [F(8,256) =
3.29, p < .01]. At interval centers of .50 or more, the
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Figure 1. Mean preference rating as a function of a prospect's
probability center and degree of ambiguity. Ratings were made on
a 1-21 scale; higher values reflect greater preference.
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unambiguous prospect was preferred most, although this
was significant only at interval centers of .50 and .90 .
When the probability of winning was .10 or .30 , the
prospect with moderate ambiguity was preferred most,
although this was significant only at .30. The expected
value variable was not involved in any significant effects .

DISCUSSION

First. using relatively small ambiguity intervals spanning ranges of
.09 and . 17 (as compared with the .2 1 and .41 ranges used by Curley
& Yates. 1985), evidence of ambiguity avoidance was found when the
center of the probability interval was .50 or more . Thus, at least when
the probability of winning is high (.50 or more) , even decision ~akers

with fairly precise probability estimates still prefer prospects WIthex
act probabilities to those that contain some ambiguity (as suggested by
Ellsberg, 1961) .

Second , after holding the expected values of prospects constant and
manipulating both thecenter of the probability range and expected value,
it was found that the center of the probability range most strongly af
fects preferences. This supports Curley and Yates' (1985) conclusions
regarding the effects of interval center.

Third, when the probability center was .30, the subjects in this study
surprisingly preferred the moderately ambiguous prospects (probabil
ity intervals of .09 ) to unambiguous prospects and prospects with larger
probability intervals (.17). This "ambiguity seeking" tendency was un
expected because prior research had found no such disposition (Curley
& Yates, 1985; Ellsberg, 1961), but it is interesting to see that when
some ambiguity is preferred, subjects still do not prefer the most am
biguous prospect. It is unclear as to whether this ambiguity-seeking ten
dency is limited to the particular prospects used in this study. hence
future work on this topic is needed to see if there are other cases in
which people prefer ambiguity.

Fourth, there was a strong tendency for subjects to prefer prospects
with higher probabilities of winning something. with each incr~.of

.20 in the probability of winning translating into a roughly 2-pomt in
crease in preference scores . This "certainty of winning something" effect
(albeit a smaller amount of money than would be won in prospects with
lower probabilities of winning) seemed to be a bit stronger than the "am
biguity" effects found here as the differences in preference scores ~ong
the three ambiguity conditions was typically less than 1.5 scale points .
This last point is made rather tentatively since probability levels were
manipulated across a much wider range than were the ambiguity levels
in this study .

The strongest aspect of this study seems to be that relatively small
manipulations of probability ambiguity can produce effects on prospect
preferences quite similar to the effects found in studies using very strong
ambiguity manipulations (see, e.g . • Curley & Yates. 1985). It seems
that people who are fairly confident about getting the desired outcome
(50% chance or higher) prefer to avoid ambiguity because they do not
want to consider "lower" chances of "winning." On the other hand,

when it is "unlikely" that the desired outcome will occur (less than
50 % chance) people do not avoid ambiguity and may even prefer some
ambiguity so that the chances of " winning" may actually be " higher"
than what an unambiguous prospect would offer. It may be that there
is a place near the middle of the probability scale (e .g . , p = .50) that
serves as an inflection point at which ambiguity is disliked when p is
higher than this value and ambiguity is received more positively when
p is less than this value . . .

It is important to examine how people respond to ambiguity because
it could have implications in decision-making situations in which people
may select an action or alternative (e.g. , choice of medicaltreatm~?t.

occupation, or investment) on the basis of how clearly the probability
of a desired outcome is known . For example, there may be a tendency
to choose established alternatives with precisely known outcome prob
abilities over alternatives that may potentially be better but are discarded
because they have poorly defined outcome probabilities. The results here
suggest the need for further research in this area to examine people's
tolerance of ambiguity in a variety of decision settings.
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NOTE

I . These two individual scales, which measure both the affective and
behavioral components of preference, were highly correlated, and sep
arate analyses of the individual scales yielded results similar to those
for the composite variable.
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