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How Alike Is It Versus How Likely Is It: A Disjunction Fallacy in
Pro babili ty Judgments

Maya Bar-Hillel and Efrat Neter

One event cannot be more probable than another that includes it. Judging P(A & B) to be higher
than P(A) has been caIled the conjunction fallacy- This study examined a disjullctioll fallaQ< Ss
received brief case descriptions and ordered 7 categories according to 1 of 4 criteria: (a) probability
of membership, (b) wiIlingness to bet on membership, (c) inclination to predict membership, and (d)
suitability for membership. The list included nested pairs of categories (e.g., Brazil-South America).
Ranking a category more probable than its superordinate, or betting on it rather than its superordi-
nate, is fallacious. Prediction, however, may be guided by maximizing informativeness, and suitabil-
ity need conform to no formal rule. Hence, for these 2 criteria, such a ranking pattern is not
fallacious. Yet ranking of categories higher than their superordinates was equally common on all 4
criteria. The results support representativeness against alternative interpretations.

The extension rule in probability theory states that if A is a
subset ofB, then the probability of A cannot exceed that ofB. A
special case of the extension rule is the conjunction rule, which
states that the probability of A&B can exceed the probability of
neither A nor B, since it is contained in both.

Tversky and Kahneman (1983) demonstrated that, under
certain circumstances, people predictably and systematically
violate the conjunction rule. In one study, they gave subjects the
fof ng description:

lda is 31 years old, single, outspoken, and very bright. She ma-
ed in philosophy. As a student, she was deeply concerned with
les of discrimination and social justice, and also participated in
:i-nuclear demonstrations. (p. 297)

This was followed by a list of eight possible outcomes, each de-
scribing possible activities of Linda at the present time (her job,
her interests, or both). Subjects were asked to rank order the
outcomes by the probability that they describe Linda's current
activities. Of the eight, one was representative of Linda ("Linda
is active in the feminist movement"), one was unrepresentative
of Linda ("Linda is a bank teller"), and one was a conjunction
of these two ("Linda is a bank teller and is active in the feminist
movement"). A large majority of the subjects (85%) rated the
conjunctive outcome, "Linda is a bank teller and is active in
the feminist movement," more probable than "Linda is a bank
teller."

This result was predicted from the representativeness hy-
pothesis: "Representativeness is an assessment of the degree of
correspondence between a sample and a population, an instance
and a category, an act and an actor or, more generally, between
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an outcome and a mode!" (Tversky & Kahneman, 1983, p.
295). Kahneman and Tversky (1972, 1973) provided much ev-
idence that people often judge the probability of an outcome
given a model by the extent to which the outcome represents the
model. In addition, Tversky (1977) showed that adding to an
outcome (0) a feature (F) that matches a model (M) enhances
the match between the outcome and the model. In other words,
the match of O&F to M can be greater than the match of 0 to
M. Hence, insofar as people judge the probability of outcomes
by their representativeness, being a bank teller and active in the
feminist movement would be judged more likely an outcome for
Linda than being a bank teller, due to the addition of a feature
that is representative of Linda (feminism) to her unrepresenta-
tive job. Whereas there is nothing logically wrong with the judg-
ment that being a feminist bank teller is more representative of
Linda than being a bank teller, judging the conjunctive outcome
to be more probable than its constituent violates the logically
necessary conjunction rule.

Another special case of the extension rule is the disjunction
rule, according to which the probability of A-or-B can be
smaller than neither the probability of A nor the probability of
B, since it contains both. Formally speaking, there is no differ-
ence between the three rules (conjunction, disjunction, and ex-
tension), because for any pair of events A and B in which B is a
subset of A, A can always be represented as a disjunction, one
of whose constituents is B, and B can always be represented as a
conjunction, one of whose constituents is A. For example, one
can argue that the set of bank tellers is a disjunction-of bank
tellers who are active feminists with bank tellers who are not.
Viewed in this way, Tversky and Kahneman's (1983) results
could just as well have been labeled the disjunctionfallacy. Why
then are they regarded as a conjunction fallacy? Is this just a
matter of arbitrary choice?

Formally speaking, the answer is yes, but psychological con-
siderations favor one view over another. Consider the category
parent and its subcategory mother. One can just .as well choose
to view mother as the conjunction of parent with female as to
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view parent as the disjunction of mother with father. In contrast,
the category bank teller does not naturally evoke a representa-
tion as a union, and certainly not as a union of bank tellers who
are active feminists with bank tellers who are not. At the same
time, the subcategory of bank tellers who are active feminists
can hardly be described except by resort to the conjunction of
these two constituents. Indeed, the language does not even con-
tain a single-word label to designate this category. In that sense,
the categories bank teller and bank teller and activefeminist are
more naturally viewed, respectively, as a unitary category and
a conjunction of two categories, than as a disjunction of two
categories and a unitary category.

How, then, might one create a category that would be natu-
rally viewed as disjunctive? The simplest possibility to come to
mind is to replace the connective and used to create conjunctive
categories with the connective or. This idea must be imple-
mented with caution, however, because the English words and
and or do not always quite correspond to the logical connectives
and and or. First, the English or is often understood in its exclu-
sive sense of "A or B but Dot both," as in "The party will take
place next week or the week after." Second, the English and can
be used to create a union as well as an intersection-the sen-
tences "She invited colleagues or relatives" and "She invited
colleagues and relatives" could be used to describe the same
guest list. Third, and most pertinent to present concerns, not
all categories that can be meaningfully joined by one of these
connectives lend themselves to as meaningful a joining by the
other. For example, whereas putting and between bank teller
and active in the feminist movement creates a meaningful cate-
gory, putting or between these two category names creates a
rather odd one. Similarly, whereas the question, "Is Linda more
likely to be a bank teller, or a bank teller and active in the femi-
nist movement?" makes some sense, the question, "Is Linda
more likely to be a bank teller, or a bank teller or active in the
feminist movement?" sounds to us rather confusing.

Nonetheless, this was precisely the approach taken by all pre-
vious attempts to study a disjunction fallacy. In the first attempt
to extend the conjunction fallacy to a disjunction fallacy, Morier
and Borgida (1984) gave subjects Linda's description and asked
them to estimate the probability that (a) Linda is a bank teller,
(b) Linda is active in the feminist movement, (c) Linda is a bank
teller and is active in the feminist movement, and (d) Linda is a
bank teller or is active in the feminist movement.

Wells (1985) took a similar approach. He also gave subjects
personality descriptions and asked them for the probabilities of
four events: two individual events, their conjunction, and their
disjunction. Wells, however, took two precautions to make the
resulting disjunction more natural. First, both of the individual
events were attitudes toward some national issues, making them
of a kind that sounds quite natural when joined by or. Second,
Wells explicitly added or both. to highlight that the or was non-
exclusive. For example, after describing Jim, subjects were
asked for the probability that Jim (a) "favors. . . a U.S.
buildup in military strength," (b) "favors the decriminalization
of marijuana," (c) "favors (the first] and (the second]," and (d)
"favors (the first], or (the second], or both." Yet, in spite of these
precautions, Wells himself remained concerned "that these sub-

jects misunderstood the union request (e.g., interpreted "or" as
a conjunction)" (p. 277).

.

Biela (1986) took a slightly less formal approach when creat-
ing conjunctive and disjunctive categories. After describing to
physicians one or two symptoms of an otherwise unknown pa-
tient, he asked them to attach degrees of confidence to each of
the following diagnoses: (a) "I would predict hypertensive en-
cephalopathy," (b) "I would predict hypertensive retinopathy,"
(c) "I would predict that either hypertensive encephalopathy or
hypertensive retinopathy (or both) is the case," and (d) "I would
predict both hypertensive encephalopathy and retinopathy."
The subtle variation in formulation between the intended dis-
junctive (c) and conjunctive (d) diagnosis show Biela's aware-
ness that mechanical joining of the two diagnoses by or or and
is unsatisfactory. Still, (d) might well be understood by a reader
to mean "I would give the following degree of confidence to ei-
ther of these diagnoses." In the context of (a), (b), and (c) this
possibility becomes less likely, but this comment is intended to
show how tricky it is to create categories that are unambigu-
ously disjunctive.

Another difference between categories formed by the connecc
tive or and categories formed by and lies in the difference be-
tween matching an instance to A-and-B versus to A-or-B. To be
concrete, consider matching Linda to the conjunction "feminist
and bank teller," on the one hand, and to the disjunction "femi-
nist or bank teller," on the other. The conjunction requires a
single comparison, albeit to a compound event. The disjunc-
tion, however, seems to require two comparisons, one for each
of the constituent events. Tversky's (1977) theory relating sim-
ilarity judgments to stimuli's features makes no predictions
concerning how two constituent similarity judgments are com-
bined to yield a single similarity judgment for the disjunctive
event.

Judging the similarity of the compound event can be side-
stepped, however. as it was in Carlson and Yates' ( 1989) study.
Subjects were presented with pairs of events, such as "Syria and
Israel will sign a peace treaty by the end of this year" and "The
Bill Cosby show will not be one of the top 10 rated TV shows
at the end of the season," as well as the conjunction and the
disjunction of these events, and they were asked to rank them
by their probabili ty of actually occuring within the coming year.
But because no model was provided according to which subjects
could judge representativeness, the probability of the com-
pound events could only be derived from some kind of combi-
nation of the probabilities of its constituent events, not from
similarity judgments.

The type of problems used by Carlson and Yates (1989) were
termed "probability combination problems" by Gavanski and
Roskos-Ewoldsen (1991). These authors recently showed that,
when constituent probabilities were controlled for, the rates of
the conjunction fallacy were similar in problems in which rep-
resentativeness could be used to assess the probability of the
conjunctive event (e.g., the Linda problem) and in problems in
which representativeness could not possibly be used (e.g., prob-
ability combination problems). This led them to conclude that
the conjunction fallacies "stem primarily from the incorrect
rules people use to combine probabilities" and that the "only
contribution of representativeness stems from its effects on a
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conjunction's component events" (p. 190). Insofar as the dis-
junctive eventsused in all studies to date were created by joining
constituent events by the connective or, the same conclusion
could apply to the disjunction fallacy.

The purpose of the present study was twofold: First, to ex-
plore the possibility of extending the conjunction fallacy to a
more general extension fallacy, while using natural disjunctive
categories rather than the somewhat mechanically derived ones
usedby previous researchers;Second, to explore whether exten-
sion fallacies can be obtained even in problems that involve no
compound events, hence the fallacy could not possibly result
from incorrect combination rules.

Study I

Method

For this study, we sought categories that would be disjunctive in char-
acter,yet defined without the connective or.lOur solution derived from
Rosch's work on categorization (e.g., Rosch, 1978). Recall that the clas-
sification of objects into categories is not unique. Thus, the same object
can beclassified as"artifact," "furniture," "chair," "office chair," or "El-
eanor's black leather office chair," to mention but a few possibilities. Yet
most people would usually think of it asjust "chair." In the hierarchy of
nested categories, the level at which objects are commonly classified is
known as "the basic level category" (Rosch, 1978). The basic level is
not determined arbitrarily. Objects at this level have many features in
common--considerably more than those shared by members of higher
level categories, but only slightly lessthan those shared by members of
lower level categories. For example, the number of attributes commonly
seenascommon tofurniture is 3, to chair is 9, and to kitchen chair is 10
(Rosch, Mervis, Gray, Johnson, & Boyes-Braem, 1976, Table 2, p. 388).

We capitalized on the observation that basic level categories are typi-
cally unitary (i.e., standardly thought of as neither conjunctive nor dis-
junctive categories), whereas higher levels are often disjunctive (e.g.,
"furniture" is the union set of "chairs," "tables," "beds," "cupboards,"
etc.), and lower levelsare often conjunctive (e.g., "leather chair"). How-
ever,superordinate categories often enjoy a name or label of their own,
and are not explicitly defined ascompound sets. If a described instance
were to match a unitary category more than it matched its superordi-
nate, a disjunction error could potentially arise. Moreover, in the ab-
sence of explicit compounding, such error could not be attributed to
incorrect combination rules.

Table I shows the five types of questions that we devised: (a) The
instance is a brief personality description of a student, and the options
are fields of university study (Danielle and Oded); (b) The instance is a
brief personality description, and the options are places of residence
(Gidi and Eldar); (c) The instance is a description of a place, and the
options are countries or continents (Gila and Na'ama); (d) The instance
is a brief personalitY.description, and the options are social-political
movements (Eli and Ze'ev); and (e) The instance is a brief personality
description, and the options are causesof death (Yaron and Y.c.).

The target option (i.e., the one designed to be most representative
of the instance) was selected to be a basic level category name. The
superordinate categories are natural ones,designated by familiar proper
names or labels. To strengthen the tendency to view them as a union,
their names were prefaced by the words one a/the or some kind of For
example, the basic level cause of death "car accident" was paired with
the superordinate "some kind ofunnaturaJ cause."

All questions were accompanied by seven options. To give a typical
example, the Jistof fields of university studies provided with the descrip-
tion of Danielle was literature, humanities, physics, natural sciences,

geography or geology, statistics, and political science (not in this order).

It is important to note that the lists always included two pairs of a basic
level category and its superordinate category (here, the first four 0p-
tions).2 Also, there was an option defined with the connective or (here,

the fifth option). The actual ordering of the various options varied from
problem to problem.

Israeli university students taking summer courses (about 60 in ad-
vanced economics, 40 in elementary economics, 40 in statistics, 60 in
mathematics, 35 in accounting, 15 in sociology) were given from one to
four prediction problems, but never two of the same type. On the whole,

this subject population is comparable to those identified in other studies
(e.g., Tversky & Kahneman, 1983; Wolford, Taylor, & Beck, 1990) as

"informed," although subject sophistication was not one of the variables
studied here.

There are several concerns a disjunction fallacy might raise. Although
some of them were previously raised-and answered-by Tversky and
Kahneman (1983) with regard to the conjunction fallacy, in the present
context the concerns take on somewhat different twists, and we used
somewhat different approaches to deal with them.

First, we were concerned that subjects who see a disjunctive category

listed alongside one of its constituents would interpret the disjunctive
category in the subtractive sense. For example, given "one of the Euro-
pean countries" alongside "Switzerland," some subjects might implic-
itly exclude Switzerland from the European countries. Even though
Tversky and Kahneman (! 983) and Morier and Borgida (1984) ruled

out this account of the conjunction fallacy, and it seems unlikely al-
together with our natura] categories, we thought it prudent to explicitly
discourage the possibility.

Tverskyand Kahneman (1983) handled this concern by way of what
they called "the indirect test" (p. 297). Some subjects were given a list

of outcomes that included either the larger category or its subcategory,
but not both. When the larger category is not listed alongside one of its
subcategories, there is no reason to interpret it as excluding that subcat-
egory. In an indirect test it is impossible to rank "bank teller" before

"bank teller and active feminist," because no list includes both options.
But across groups, it is possible for "bank teller" to receive a mean rank
that is higher than that given to "bank teller and active feminist"

Our approach was simply to include in the subjects' instructions the
fonowing explicit cautionary note:

It is quite possible for something to be included in more than one
option listed. For example, suppose the list is of foodstuffs, and one
option is "frozen foods", while another is "desserts". In this case,
do not interpret "frozen foods" as "frozen foods excluding des-
serts", nor interpret "desserts" as "desserts which are not fro-
zen"-"ice-cream" qualifies as both "frozen food" and "dessert".

The second concern has to do with linguistic conventions. In their
discussion of the conjunction fallacy, Tversky and Kahneman brought
up the question of how the Gricean concep~of cooperativeness(Grice,
1975) applies to a speaker who is lessthan certain of the truth of his or
her assertions. They suggestedthat such a speaker "may wish to follow
the maxim of value: Select the messagethat has the highest expected
value" (Tversky & Kahneman, 1983,p. 312), where "the expected value
ofa messagecan bedefined asits information value if it is true, weighted
by the probability that it is true" (p. 312). With respect to the assertion

I Study I began asa classproject. Wegratefully acknowledge the con-
tribution of Anat Ben-Simon, Eya! Gamliel, and Hannan Goldschmidt
to the study. We thank Danny Kahneman and lIan Yaniv for helpful
suggestions.

2Actually, there are two exceptions-Hadar ha'Carmel, which is a
Haifa neighborhood (Gidi), and North Tel Aviv, which is a Tel Aviv
neighborhood (Eldar), but thesewere not target pairs.
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