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‘\' X p Abstract ; a ‘ ‘ LS
People commonly wlolate a bas1c rule of probab111ty theory, Judgxng a,
compound event to be more probable than at least 'onpe of its- component
‘events. This errar is called the conJunct1on fallacy, and has been
attrlbuted to people s rellance on the representat1veness heur1st1c
for Judging probablllty (e.g. ’ Tve¥§ky & Kahneman 1983) This :
research evaluated two alternat1ve 1nterpretat1ons of the conJunct1on'
fallacy Flrst it was proposed that people s natural |
representatlons of infarmation and habitual reasoning strategles
result in systematic preferences for certa1n,sample spaces, and. that

the conjunction fallacy occurs when problems evoke inappropriate

s -

" sample spaces’ Second, - it was proposed that the con3unct1on fallacy
‘occurs because people Judge conJunctlons by&geparately aSSESSLDg the.
probablllty of each component event and then comblnlng these

- probabilities using ;ncorrect comblnatlon rules. - The f1rs€‘tﬁo

experlments examined the 1nappropr1ate sample space 1nterpretat10n.

N Exper1ment 1 tested the hypothé51s that problems requiring Judgmentsaj

of the. probab111ty that an 1nstance belongs to a conJunct1on of ¢

categor1es lead to conJunctlon fallac1es because - people ;.
preferentlally use categories as. sample Sspaces. Alth0ugh -
man1pulat1ng the 1nstance category structure of problems had the
predlcted effects on the sampllng strategles subJects used, there was

¥

‘no ev1dence that the fallacy results from inappropriate sample

spaces. Experlment 2 tested the Rypothesis that conJunctlons of
) dependent events yleld conJunctlon falla01es because people treat
such conJunct1ons as cond1t1onals. This hypothesis was supported

wlth the results demonstratlng that both pos1t1ve dependencies [i.e.,

P(B/A) > P(B)) and negatlve dependenc1es [i.e. P(B/A) ¢ P(B)1 can
lead to conJunctlon fallac1es.' Experiments 3 and 4 examlned ‘the

:anorrect comblnatlon rule ‘interpretation of the fallacy ' These
exper1ments prov1ded strong ‘evidenck tﬁat the fallagy is largely the
result of 1ncorrect comblnatlon rules and is related to

representetlvenessAonly,1nsofar as_representativeness influences’ the

et

component-event‘prohabilities.



a

ACKNOWLEDGEMENTS-.  ~ .~ [

)

I-am very grateful to Gary Wells for his guidance’ and

encouragement'tﬁroughouﬁ my doctoral program and as dissertation
supervisor. [ also wish to thank the members of my disserta;ioﬁ"

committeef_Craig Aﬁderson, Curt ‘Hoffman, Richard Johnson, and Kellogg
Wilson for 7

their many helpful comments.

o



. ‘; | '

TABLE OF CONTENTS

_ . . - PAGE
.~ Introduction.............._. S et aean. 1
) - Inappropriete'Sample Speceéjand the'ConJunction'Fallacy ...... '.. 3

‘Incorrect’ Comb1nat1on Rules and the ConJunctlon Fallacy ..... 277“9_’
Research ObJECtIVES . & oottt et ST
Experlyent 1: Inapproprlafe Sample Spaces .................... ‘.s...12l
Method........... b 13
Resdlts........... weeiad el 17
Discussion. .. ... ... 25
Experiment 2: Conditional Interpretations of Conjunctions ; .. 27
Methqd. (... 28
Results.................. S 30
Discussion... ... ... . o e 34
Experiment 3: Incorrect Combination-Rules..................... .... 37
Method...... ... ... . .. t ......... e 38
Results.......-....: ..... / ................................ T\;..41
Discussion.................. e 49

Method.................... e e et e, 54

ResultS¢T:...................................................%156

DiscussSion.. ... ... . 62
General Discussion........ ... ... iu.iuiuin i 64
FOOtNOteS. .. ovieeneni i, B 73
References.......................................; ................ 74
Appendix Atv ConJunetion Problems for Experimeht 5 S ::.,;.}78
Appendix B: §amp1e Strategy Questionnaire for Experlment 1....:.:51
.Appendix C. Background Questlonnalre for Exper1ment 1. e 82'
‘Rbpenaix D 'Sample Strategy Questlcnnalne for Experlment 3. ,.83-”
Appendix E} Representat1Veness Problems. for Exper1me .,.:..,.84 3
'Apﬁehdix F

Probablllty comblnatlon Problems for Exp r1ment 4....86



LIST OF TABLES °

)

a7y

Table Description ' R Pagé
1 Mean Subjective Probabilities Qf the CodJunction 18
and its Component Events’in Experiment 1 -

2 Mean Ratinés of Strategy Use in Experiment {1 . 20

. L i . B v
‘ 3 Mean Magnitude and Incidence of the Conjunction - 23
Fallacy in Experiment 1 . §;D .
4 - Mean SubJectlve Probabllltles of the GonJunctlon _b’ 31
' and the Prior and Condxtlonal Probabllltxes of its” i
‘Componen;.ﬁvgn;s 1n.Exper1ment 2 )
g Mean Magnitude and_Incidehce‘of‘thé Conjunction v f 32
- Fallacy in Experiment 2 : o ¢
6 MeanIPrpbabilitie§ of the>ConJunction.andiits‘ , 42
. Component Events in E%perimen;~3hA"
7 Mean Magnltude and Incidence of the ConJunct1on ‘  43
~ Fallacy in Experiment 3 '
8 Méan»Stratgéy_Reponts‘of Represéntativeness and ) -'z 46
brobabilityfcombination Subjects infExperiment'S‘ ‘
"9 Correlations Between Stra;egy,RepQrté.and the a8
' Conjunction Fallaéy in Experiment 3
10 7 Mean Probabilities.of the. Conjunction and its . 57 .
Component Events in Experiment 4 )
S



11

12

13

: Fallacy in per1ment 4

h ;)

~

Mean’ Magnltu e ‘and Inc1dence of. the ConJunctlon

o
N .~

IR

_Mean Strategy'Reports qf_RepresentatiVeness'and

Doefy

and‘Probabilffyfconbination SUbjectg-in Experimeht 4

Correlat1ons Between Stracegy Reports and the ’

ConJunctxon Fallacy for Experlment 4

L]
w0
-
:

. -
o R o BN
s :
- .
' (
) ‘
<\
N \‘k /
- Pod -~ - .
- - . v“- N ,’
e -\

o

viii

58

60

Ry



,. S

. .
N
i
~

o

N



bank tellers than t

’beinna is 31 years old; Single, outsppken and very bright.--She

. maJored -in philosophy. As a student , ghe was deeply concerned with
1§bues of d1§cr1m1nat10n and soc1al Justlce and also part1c1pated in
ant1 nuclear gemonstratlons What is: the probablllty of each of then

followlng9 i L ' . \ =

<

A. Elnda is actlve in.the feminist movement . A

N B. Linda is a bank teller;

C. Linda is ‘a bank teller and is active. in the feminist

movement. \

o ..‘

People presented this problen conmonly_commit the conJunction"fallacyi
Junging the compound event C‘to‘be nore probable'than B. This Judgnent
is readily recogn1zed as a fallacy when ane cons1ders thdt the set™of |
bank tellers 1ncludes both bank tellers who are actlve in the feminist

movement and those who are not. The conJunctlon fallacy is a rellable o

" phenomenon 1n problems of this kind, hav1ng been repllcated w1th various

problems and subJect populatlons (e.g. Crandall & Greenfleld 1986
Morler & Borgida, 1984% Tversky & Kahneman, 1982' 1985; wells, 1985)
Tversky and Kahneman (e.g., 1982, 1983) have prov1ded the most

.~comprehen51ve and, widely accepted explanatlon of the conJunct1on fallacy,

attr1but1ng 1t to people’s rel1ance on the representatlveness heurlbtlc

for Judglng probability. . According to thlS explanatlon subJectlve

' :,probab111t1es-are based on assessments of_representat1veness,~or

similarity. Similarity is deéscribed as a'feature-matching process, in

which the 51m11ar1ty between ‘objects is a l1near ‘combination of thelr

-

,Gommon and_dlstlnct1ve features (Tversky, 1977). Thus,vwhen Judglng the

probability that object B belongs to class A, or that process A will

generate event B, people assess how similar B is in its essentlal o
ffeatures to A. When B ls;very 51m11ar to A, then its probability is
'_Judged,tq be high. Because éimilarity'does not obey the laws of

‘3probability, reliance on the representativeness heuristic sometimes leads

to systematjyc ekrors such as the conJunct1on fallacy In the'Linda
problem, f r exan le, Linda’s descrlptlon is more similar to feminist. \
bank tellers., so/people judge the conjunction, bank .

~ . . .
teller and feminist,\as more likely than 'its component, bank teller.
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One source of ev1dence that the conJunctlon fallacy is caused by
representatlveness medlated Judgments is research showlng that the

occurrence of the fallacy depends on. the representat;veness relations

among target descrlptlons and the component events of conjunctions. . For

s

example, Tversky™& Kahneman (1983) found that the. COnJUﬂCthﬂ fallacy
racely occurred in the Linda problem when subJects were told: only that

Linda is 31 years old. - Wells (1985) systematlcally varled the

. -

representatlveness of the component events of conJunctlons and found that

the fallacy occurred most frequently when a representat1ve and "W [

f

unrepresentatlve event were patred" (average = 72%) and least frequently
“with pairings of two unrepresentatlve events faverage = T%). e

. Tversky and Kahneman (19807- also’ found a very close correspondence

L]

between people’s judgments of probab1l1ty and of representatlveness.

They gave subjects conjunction problems, each coRta1n1ng a target

_description folldwed by » list of occupatlonal and pol1trcal categorles

or conjunctions of these. They found a correlatlon of .96 between mean
-rankings of - the categories according to how representatlve the target
description was of-them and mean rankings of the categorles ‘according to
the probability that the target belongs to them. S -
Although these data are consistent with' the argument. that the
conJunctlon fallacy occurs because people gudge probablllty according to
representat1veness they are also consxstent°w1th other 1nterpretat10ns.
Most importantly, it is unclear exactly what repres@ntatlveness means to

subJects'and'what ig>the direction of the causal relatien between

representativeness and probability. Although it is undoubtedly the case

that A is similar tofé'if A .possesses many features characteristic.of B’s
stereotype, it is also.the case that A wll} be similar to B if man3 A’s
are B’s or many B’s are A’s. ;In other words, assessments of similarity -
may sometimes be based on judgments of relative frequency or probability,
i.e., P(B/Alﬁ P(A/B), rather than forming the basis for these Judgments.l'“

Inappropriate Sample Spaces and the ConJunction'Fallacy

In thls sect1on T. w1ll develop ‘the argument that the conJunct1on

fallacy occurs not because of people S relxance on representat1veness

" bat because the task requlrements confllct,wlth people s natural

4



representat@ong.of the informatlon provided\in the problens. / To
correctly solve conJunCtion problems people must form approprlate sample
: spaces. I suggest that in many problems that y1eld a high incidence of
conjunction fallacxes the appropriate sample space is dlfflcult to
create and the problem structure tends to naturally evoke an
1nappropr1ate sample space~
The idea that inappropriate sample spaces-may contribute to

conjunction fallacies is not new Some theorlsts have argued that
seémantic ambiguities in the problems may lead subjects to form Q} ¢
1nappropr1ate sample spaces Markus and ZaJonc (1985) suggested ‘that
"many subjects may have 51mply m1sunderstood the [conJunctlonl problem
and formed the wrong sample space because of their mlsUnderstandlng (p
190) . They proposed that subJects may mlslnterpret the. component evepts
A afid B of a conJunctlon as [A & not B] and [B & not- A] In the Linda
problem, for example, subJects may 4interpret the statement "Linda is a
bank teller; as "Linda is a bank teller who is not,active in the feminist
movement®. I¥f so, then subJecfsl Judgmeénts of conjunctive probabllities
da not necessaYyily v1olate probabllLty theory, although P(A & B) cannot
be hxgher than P(A) or P(B), it may well be higher- than P(A & not-B) or
P(B & not A)." Morier and Borglda (1984) found thatostruetur1ng problems
to avo1d this klnd of semantlc confu51on reduced- (but did not- ellmlnate)
- the. 1nc1dence of conJunctlon fallac1es for one of two problems they
”jpresented subJects Other research adqn8551ng the lssue of semantic
:amblgulty has ruled out many, although not all, posélble sources of .
"semantlc confu31on -as primary caudes of the conJunctlon fallacy (see
Tversky & Kahneman, 1983; Crandall & Greenfield, 1986). ‘

The present conceptualization however, does not rely on semantlc_v
amblgu1ty to explaln why subjects might form 1nappropr1ate sample spaces.
Rather I propose that people’s natural representatlons_of information

,and their habitual reasoning strategies result in'systematic preferences
for certain sample spaces. Inappropriate sample- spaces may therefore be
- used even in the absence of semantic amb1gu1ty -
’ I.am not suggestlng that people solve conjunction problems by
systematxcally defining a sample space and perfqorming extens1ve mental

calculatlons to determine the relatlve frequency of instances in the
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sample space matching a particular profile. ‘Rather, as with most
.cognitive tasks, people may use relatibely simple heuristic strategies
such as sampling instances or exemplars accering to availability'(cf.
) TGersky & Kahneman, 1973), and then assessing the match between the
exemplars(and the profile aeccording to representativeness. I do suggest,
however, that it'may’not be reliance on these heurist'_ strategies per se
' that causes conjunction fallacies, but rather, that these occur because
.people sample from inappropriate sample spaces. ) @ .

| Different problems may evoke different sanple spaces. The ﬁollowing_‘
sectioens describe three general classes of conjunction prohlens that seenm
particularly likely to evoke inappropriate sample spaces. Although I do
not present this classification as exhaustive, most problems vielding a
high'incidence'of the congunction fallacy appear to fall within one or
more of these classes. |

Problems evoking instance-category representations. Many

conjunction problems used in previous research share a common structure.
SubJects read a descrlptlon of a target person and judge the probability
that the target is a member of certain categorles or classes l[e.g.

P(Bank teller/Description), P(Fem1n1st/Descr1pt10n)] or of conJunftlons
‘of classes [e g., P(Bank Teller & Femlnlst/Descr1pt10n)l The cgrrect

sample space in problems of this sort is people of the target’

o
7

déscriptioﬁ. Such problems, howeven, seem particularly lfkely to evoke
an iffcorrect sample space.' Because the target is described 1n highly
specific terms (e%®g., name, age, personal or educational hlstory), he or
she is naturally reprqfented as a unique instance. E So it may be
difficult to form a. sample space of people fitting the target’s
descrlptlon. Categorles on the other hand, regadily serve as sample ‘
spaces. Categorles are used to partltlonulnstances**SO'that-nonidentical’
'1nstances can be treated as eQu1valent (Wattenmaker, Dewey, Murphy .&:
Medin, 1986) Any category (e.g., bank tellers, feminists) contains
numerous insc.ances, so it is relatiuely:easy to form a sample space
comprlslng 1nstances w1th1n the category -Furthermore, because instances
- are a591gned to categories rather than vice versa, itnmay be simpler to
assess what proportdon of category members fit a target description than
what proportion of instances fitting the target.description are ’

.
L}



members of a category. In the former case vall relevant instances'are
contained w1th1n one category, whereas in the latter case relevant
1nsténces may be spread across several categories and thus be more .
d1ff1cult to retrieve. For these reasons people may be partlcularly
prone to use categories as i;ample sgaces in pr?blems evokmg

instance-category representations, and to sample instances from the

categorles to determlne how well they match the. target descrlptlon -- in -
effect Judglng P(Description/Category) rather than = 7
P{Category/Description). In the Linda conjunction problem, for example

people may sample instances: or exemplars of bank tellers and feminists to
determlne what proportion of them match Llnda s descrlptlon
&[P(Descrlptlon/Bank teller & Femlnlst)] rather than sample 1nstances
f(om people of Linda’s description to determ1ne what proportlon are bank
tellers and femlnlsts [P(Bank teller & Fem1n1st/Descr1pt10n)] Thls
strategy would account for the occurrence of the conjunction fallacy,
because there is no reason that P(Descrlptlon/Bank telle#’& Feminist)
must be lower than P(Descrlptlon/Bankteller) and_indeed it may
'reasonably be considered to be higher. F

Consistent with the 1nappropr1ate sample- space ‘interpretation,
Tversky and Kahneman (1983) found that the 1nc1dence of the conJunctlon
fallacy was substantially reduced when sUbJects were prov1ded a sample of
people f1tt1ng the target description and judged the relative frequency
of targets for which the. conjunction would be true. Prov1d1ng a sample
of people fitting the target description may make it easier for subjects
to form the appropriate sample spadE by. reduc1ng the llkel1hood that the
-b;target will -be represented as a unique 1nstance ,and having subJects make
relatlve frequency Judgments clearly directs them to the appropr1ate . A
sample space._ However it "is unclear at thlS p01nt whether this ' |
procedure is. effectyve because it causes subJects to Shlft their sample
space ‘or 51mply because it causes ‘theém to f?rego rellance on '
representatlveness in favour of an extensional strategy (cf. Tversky &
| Kahnenan, 1983). |

“

Problems confllctlng wlth natural direction of 1d¥erence

Occupatlonal or other consistent demands often requlré people to make-

inferences or predictions primarily in one direction. For. example,
Tk e . K2 ’ ‘

Y X 2 “%'/-



A

i ' S 4
B jphy51c1ans generally diagnose 1llness based on)presentlng symptoms, 1 e.,
P(Illness/Symptoms) . When probiems require people to make Judg nts that‘
conflict with their natural or habitual dlrectlon of 1nferehce [e. g.,
requiring people ‘to judge P(B/A) when they habitually Judge P(A/B)] they
may be particularly prone'to.USe an incorrect sa%ple space (e.g., a
sample space of instances of B, rather than'instgnces'of A). Consider
Vthe fbllowing probiem' Mr. Jones has Diseaseexl Symptom A is highly\ ..
representatlve of the disease and symptom B is not representat ve of the
q;seaset What 1is the.probablligy that Mr Jones has Symgtom A? Symptom
" B? Syhptom A and'Syhptom B? Tversky.and Kahneman (1983) presented ¢
problems of this general structure to practicing physicians and found

that.: the vast maJorlty (73 to.100%) committed the conJunctlon fallacy.
To correctly ‘solve these problems, physicians would have to form a sample
space of people who have the dzsease and assess what propoftion of these -
wouldvhave‘the symptoms. However because inferences., from diseases to ..
symptoms conflict with practltyoners usual d1rect1on of 1nference they
may tend to consider thé symptoms as g1ven and sample peop!e u%o have

the symptoms to determine what proportion have the disease: In, other
* words, physicians may bé asséssing E(biseaselsgmptoms) rather than
assessing P(Symptom&/Disease) (fo , Eddy, 1982’ Einhorn & Hogarth,

1986). This strategy would aCCount for the conJunctlon fallacy in
pooblems like the above, because P(Dlsease/Representdve Symptom &

Unfe reséntative Symptom) 1s clearly hlgher than
‘P(Dlsease/Unrepresentatlve Symptom) : ' -

Problems evoking conditional 1nt€rpretations People may sometimes’

1nterpret a conJunctlve probab111ty as a conditional probablllty

Tversky and Kahneman (1983) have suggested that conJunetlons in whlch one
component is a cause of the other (e €., John smoked" & John died of
cancer) yield conJunctlon fallac1es because it is more natural to assess
'the probablllty of the effect given the cause than the joint probab111ty
of the effect and the cause® (p..308). Cause and effect relations entail
a p051t1ve dependency® between events (Falk & Bar-Hillel, 1983), because
the occurrence of one event (the cause) increases the probabxllty of the

~

other {the effect). It‘may not be only problems 1nyolv1ng positive
dependencies that evoke conditional interpretatfbhs" Conditional »

e
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: .
N\ 1nterpretat10ns of conJunctl ns may also be evoked by\negatlve
"dependenc1es between the com%onents of the con3unct1oh (i.e., when the

occurrence of one event réduc the probab1l1ty of the other). Such

~1nterpretat1ons seem particularly likely when the two copponents have a o~
clear temporal order, in whlch.case people may 1nterpret P(First event &
Second event) as P(Second event/First event) (cf., Braine, 1979).

" Indeed, sonme conjunctijon fallacies that have been attrlbuted to reliance
'qp representat1veness may‘hell be due to cond1t1onal 1nterpretat10ns ofa
this sort. Con31der the followlng problem that Tversky and Kahneman

presented to subJects shortly after BJorn Borg had won his f1fth

Wimbledon’ tournament: i oo T
t i’ ,
J

Suppose Bjorn Borg reacbes the %}mbledon flnals in 1981 Please

rank order the follow1ng outcomé> from most to least l}kely

A. Borg wlll win the match *

Borg will "lose the flrst set '
Borg/will lose the first set but win thé match

. f;?@ will win the first set but.lose the match

O o o

Of subjects pre§ented this problem, 72% committed'the conjunction

fallacy, assigning a. hlgher rank to C than to B. Tvensky Ahd Kahneman
attributed - 'this to the fact that C was more representatlve of Borg than
was B. This problem however, meets the criteria’ outl1ned above that may’
evoke cond1tnonal 1nterpretatlons the  two components of the conJunctlon
have an exp11c1t temporal order and there is a-strong (negatlve)
dependency between them. Thus, subJects may solve this problem by ~
-”I‘form1ng a sample space ot matches in. which Borg has lost the f)rst ‘set,
and Judging ‘the probablllty that he w1ll then 8o on to win the match

[i.e., P{(Win match/ Lost first set)] Although thlS probab1l1ty w1ll

fall below P(Win match) it may well be hlgher than P(Lose first set) .

» Tversky and Kahnéman reJect th1s 1nterpretat1on because subjects who were -
. presented with sequences of Borg S wins and losses (e.g., LWWLW) and
asked whlch were consistent with the statement, "Borg will lose the flrst
set but win the match * endorsed sequences cons;stent with the
conJunctlve 1nterpretat1on and not other 1nterpretat10ns of the



1

statement However, it is unclear how this proceddre would distinguish
between conjunctive and conditional interpretations of the statement.

' {_Furthermore, as argued earlier, people may form 1napproprlate sample
spaces even when they do not consciously misinterpret the problem. The
1nappropr1ate sample space interpretation therefore remains a viable
alternatlve to Lhe representativeness interpretation of problems of this
sort. . h = ‘ .

L

Incorrect Combination4Rdl§$ and the Conjunction Fallacy
' Some conjunction fallacies'do.not readily lend themselves to either
the sample-space o the representativeness explanation. For example,’
people sometimes commit conqunctian fallacies whep simplv given various
combinations of the prior and conditional probabilities of the
conJunction S component events and they base their estimates of the )
conjunctive probability on this information (e.g., Beyth Marom 1981;
Fischoff, 1985; Goldsmith, 1978; Slovic, 1969; Wyer, 1970 "1976Y. The :
conjunction fallacy jin such.problems does not depend on the specific :
nature of the component events, or on representativeness-mediated
probability judgments, becadse it occurs even when Eymbolic events ane
used (Beyth-Marom, 1981). People cannot judge a conjunction ofjsymbolic
‘events directly, but must assess its probabilitv by somehow combining the
prior and/or conditional probabilities of its component events. . Thus
conjunction fallac1es in these problems must be due to the use of
1ncorrect ruleslfor comblnlng the probabilities of the conJunction s
A component events . . —v Lo X '
'l‘.Could the/ conJunction fallacy in representativeness problems ‘also be
due.to these i}correct combination-rules? Recall that the GQnJunction
fallacy is fOUnd primarily when a representative anc unrepregentative
event are_paired (Wells, 1985). Because representative ess and; -
~:sqb3ective probability are highly correlated (Tversky &)Kahneman:QIQBO;
- 1983), this;pairing results in one high- and one low-probability event.
Many 1ncorrect combination rules suggested in the literature (see _
) .,Goldsmlth 1978 Wyer, 1976 Wyer & Goldberg, 1970; Abelson, Leddo. &
Gross 1987) are most likely to result 'in conjunction fallac1es, or in

the largest magnitude of the fallacy, when the probabllltles of the two‘_

LW v
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component events are substantially different (as when a high- and a ‘
low—probability event are paired). Indeed,,data presented by Beyth-Maromg
(1981; Table' 2) yield a correlation of .57 between the mean difference in
estimated probabiliti of the conjunction’s two components ti/e , P(A) -
P(B), where B’is!}he/f:ss probable component] and the mean magnltude of
the conjunction fallacy [i.e., P(A & B) - P(B)].

’ Thus, the relation between representativenessvand the conJunction
fallacy may be at least partly antifactual' Representatlveness may be
related. to the conjunction fallacy only to the extent that it affeits the : .
subjective probabllltles of componeht events, which people then comb1ne
using incorrect rules. These 1néorrect rules tend to y1eld conJunctlon
fallacies with particular comblnatlons of component event probabllltles

" regardless of whether these probabilities were derived through

representativeness or other means (e.g., the probabilities were simply

. e

given in a conJunction problem)

According to this 1ncorrect comblnatlon rule interpretation, people

do not Judge the probability of the conJunctlon d1rectly Rather, they
decompose the conJunctlon into its component events Judge the
probab111t1es of the components accordlng to representatlveness and then
compine these probabllltles to arr1ve at . the probability. of the o

conjunction. But why would people Judge ¢he probabllltles of the

Can

component events dlrectly but use a different strategy 1n Judglng the
probability of the conJunctlon° The answer is that, particularly when a
conjunction is composed of a representative and an unrepresentativet
-event, there is generally ‘no natural category or stereotype.corresponding
to the conJunctlon that would llow for a representatlveness Judgment.
Consider the Linda problem. P ple certaxnly‘have stereotypes for

- feminists and stereotypes for bank tellers against which Linda's
description can be compared, but do, they have stereotypes for femlnlst

bank tellers? This seems hlghly unllkely, as the® two categorles share ‘
few,common,attrlbutes and are’ somewhat 1ncompat1b1e Therefore subJects 3
cannot a &s inda’'s 51mxlar1ty to a stqreotypic category of femlnlst_
Ubank tellers but must separately assess 51m11ar1ty to feminists and to~
_bank telléTs resultlng in two 51m§1ar1ty and two probabllxty Judgments

whlch must somehow be combined. In most research,u51ng conjunctions of a
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representative and an anrepnesentative event, the.two components of the
conJunction are at least sonewhat incempatible, or unrepresentative‘of
each other (e.g.,'bank teller & feminist;.accountant & plays jazz for a
haopby; lose first set &-win,match). In general, it may be.tha§’wheneyef
the components of a conjunction are unrepresentatlve of each other or
differ. in their similarity to the target description, people tend to

: X L .
decompose the conjunction and make separate judgments for each component.

Research ObJectlves

The goals of th1s research were to determine why people commit the
conJunctlon fallacy, and in particular to evaluate the adequacy of the
representativeness interpretation of the fallacy, relative to the -
Uinappropriate-saﬁple—space and the incorrect—combination-rule
interpretations. Experiments l/and 2 were designed to examine the role
of’inabpropriate éample spacesAln the conJunction"fallaCy. Experiﬁent 1
~examined whethér,people preferentially‘use categories as sample spaces in -
conJunction prqblems, and whether inappropriate sample spaces can account ;'
for the conjhnction fallacy in problems evokingiinstance-category
representations._ Experiment -2 examined whether conditioual
interpretations of conJunctlons involving negative or p051t1ve
dependenc1es between: the two components contr1bute to the fallacy. -.
VExper1ments 3 and 4 were de51gned to determine to what extent the fallacy
occurs because people use incorrect rules for combining the probabllxtles.

of component events to arrlve at the probab111ty of” the conJunctxon.
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Experiment 1 i fL

: . N ; b
Inappropriate Sample Spaces and. the ConJuncgion Fallacy
2 . . - . ' qu

)
f

I have’ proposed twa reasons that conJunctlon probLems evoklng

-

instance-category representatlons may lead people to form 1nappropr1ate
sample spaces: First, people may have d1ff1culty formlng the appropriate
sample space because they view the target as a unique 1nstance' .second, _
people may preferentlally use categories as sample spaces because of the
way they naturally represent information. about categor1es and 1nstances
Based on this conceptual -framework, conzunctlon problems were

constructed to evoke either inappropriate or approprlate sample spaces.
Each problem contained a description of" a target person; the con3unct1on'3'

was composed of one event that was representat1ve of the description,.and

one that was unrepresentative of the description.: The problems varlgd

acé'kd1ng to: (a) whether the target was described as a specific instance
or as a category member and whetherathe conJunctlon was composed of
categories or of instances of behav1or and (b) whether or not the target .
was drawn from a pool of people fxttlng a common descr1pt1on. '
Accordlng to the 1nappropr1ate sample-space explanatlon, the conJunctlon
fallacy should occur most frequently when the target is- descrlbed as an
instance and the con3u#&t1on is composed of categorles, least freqwbntly
when the target is described .as a category member and the conJunctlon is

composed of 1nstances of behav1or anpd with intermediate frequency when
-

'-nelther the target description nbr the conjunctipn strongly evoke

category representations (because this problenm structure should not bias:
subjects toward using either appropriate or inappropriate sampleispaCes)

Prov1d1ng a sample of people sharlng the target descr1pt10n should reduce

“the 1nc1dence of the conJunctlon fallacy by making subjects less llkely

to percelve the target as a unique 1nstance and thus maklng it easier

for them to form the appropriate sample space .

. N i

K
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Method

S

~

SubJects and De51gn I 9

SubJects were- 123, male and female introductory psychology students
who part1c1pated in partial fulflllment of a course requirement. Each
subJect was ranmely assigned to one condition of a 2 X 3 (Sample h
Provided vs., No-sample Provided X Problem Structure) between—snbjects
facterial design. From 18 to 23 subjects participated.in each condition.

— [

Stimulus Materials -

v

. - . ~
There were three kinds of problem structures: instance-category,
N : . - \

instance-instance,. and category-instance. . Four problems of each

' structure were constructed or adapted from previous research (see ]
Appendix A). Each-tpnjnnction was composed of one eventjthaﬁ-nas - v
representative and one that was-unrepresentaﬁivelof a target
descrﬁ)tion.I '

InSténce-category problems. fThese problems correspond stfﬁcturally‘

to those used 1n much - prev1ous research 7)) which subJects were glven(a
spec1f1c descrlptlon of a target person s background and behavxor The
two components of the conjunction were social or occupational categoriea{
and subjects judged the probability that the target instance belongs to '
these categories (hence ED; designation inst;ance-category).~ Following is
an example of an instance-category problem: ' ‘ .
Jane is in her late 20’s and diQorced. She is assertive and
outspoken. She is university-educated, wellvdreSsed and works.for a
. large successful corporation. Her career requires.thet she tfavel
frequently. What is the,probebility of each of the following?
A. Jane'is an. executive S SRR
B. Jane is a mother
C. Jane is both an executive and a mother

Instance-instance problems. These contained the same target

descriptions as ‘the instance-category problems, but the conJunctlons were

composed of 1nstances of behav1or (or behavxoral 1ntent10ns and
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preferences)'rather than of natural categories; subjects Judged the » = .
probablllty that the target instance would engage in these 1nstances of

behav1or Followlng is an example of these problenms:

Jason is in his late 20’s, single and llves alone. He has travelled
exten51vely and always eénjoys seeing new things. . He likes to go to
. clubs to hear new bands he writes poetry and plays ‘the guitar.
What is the probability of each of the following?
A. Jason has unusual taste in clothing.~
B. Jason;wahts:t9 marry a traditional woman.

8

C. Jason both has unusual taste in clothing and wants to marry
a traditional woman.

.‘Category?ihstance.problems. In these problems, the target was

'simoly idemtified as belonging to a social or occupational category

(e.g., feminist, bank teller,zmusician nuny; -as withbthe

instance-instance problems, the conJunctlon was composed of instances of
behavior and subJects Judged the probab111ty that the category member

would ‘engage in these 1nstances=of behavior. .Followlng is an example of
‘-these problems: ' ’
- Marie is a Roman Catholic nun. What is the probability of each of

" theg followimg? o )
A. Marie e§30y5>spending tlme alone with her thoughts.

B. Marie spehds much of her free time watching T.V.
“C. Marie both enjoys spending time alone with her thoughts and E

'spends much of her free time watchlng T V.

Sample vs. no- sample manlpulation There were. two versions of each

problem " The no samEIe vers1ons were as. descr1bed above. The samgle
versions were 1dent1cal -except that “they contalned 1nformat10n that the-
target was randomly selected from a large pool of people f1tt1ng a’ common
description. The target descr1pt10ns for these problems were modified- to |

' read as’ follows (bracketed portlons varied between problems)
. a .
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For purposes of aagsychologlcal study, researchers have selected ‘a
large pool of men (women) from- across the country wHo share many .

- common characterlstlcs . All of these men (women) ‘are {Target
Description]).  One person [Target Namel, has been randomly selecteo
from this group. . . )

SN : A8

Strategy Questionnaires

"A strategy questionnaire was constructed‘for each problem. The
questionnaire required_subJects to indicate on an 8-point scale (0 = d1d_
not use this strategy at all; 7 = used. thls strategy very heavily) how -
heav1ly they had relied on each of four strategles in judging -the
probablllty of "'each component event and of the conJunctlon Appendlx B
contarns a sample strategy questionnaire, which. was used for the Linda

1nstance -Category problem. Strategies 1.1, 1.6, and 1:11 were the

appropriate sampllng strategies for judging P(A), P(B), and P(A & B),

respectively. Strategies 1.2, 1.7, and 1.12 were inappropriate sampling

-strategies. In Jydging the probabllxty that Llndb IS a bank teller, for __

exahple, the appropriate strategy’ 1s to sample peop]e of Linda’s
dbscrzptzon to determine what proportlon are bank tellers (1. 1), An
inappropriate strategy is to sample bank te!]ers to determlne what
proportlon match- L1nda s descr1pt10n (1. 2) However, what -appears’ to be
an inappropriate sampllng trategy may in fact be part of a normatxvely
appropriate Bayesian ana1y51s . According to Bayes’ Theorem,

P(Description/Bank teller)P(Bank telier)

, P(Bank/ﬁeller/Description) = , : —
. : T P(Description)

b
.

Thus, if subJects who-report'using the 'ihappropriate sampling strategy

“li.e., P(Description/Bank teller)] are using anyth1ng like a Baye51an

-analy51s then they would also have to estlmate the prior Q\obablllty of

bank teller. Strategles 1.3, 1.8, and 1. 13 aré ngor probablllty

strategles included to-determine if the 1nappropr1ate sampling strategy
could. be part of a Baye51an analy51s Strategies 1.4, 1. 9, and 1.14 are

represer.tativeness strategies, 1ncluded to assess subJects reljiance on

/
representat1veness in judging probablllﬁles

3 -
{

{
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Procedure , o R )
égllf Subjects participated in groups of 4 to 16." Each subject received'a
v question booklet containing instructions and four conjunction problems
with COrresponding_strategy questionnaires, and an answer booklet. There
were two problem orders, each the reverse of the other. SubJects were
told that the purpose of the study was to examlne ‘people’s 1ntu1t1ons
'w about. probability. They were 1nstructed to answer the problems in ‘the
' ora”—'that they appeared, to answer all the questions on each page before
looklng at the next -page, and not to change thEIF anwers once they had
recorded them SubJects made their probability estxmates as percentages
ranglng from 0% to 100%, with 0% meaning that "the statement is
deflnltely untrue * 50% meaning that “the ‘statement is equally likely to

. be true or untrue,” and 100% - meanlng that "the statement is definitely
Ergg . Forleach problem, subjects first judged the probabilkity of the

: conJunctlon’s component events and then tbe probability aof the '
conJunction " On the page following each problem subjects filled out a
strategy questionnaire 1nd1cat1ng how heavily they had relied on each of
several strategles in making thelr probability Judgments L o

After subJects had judged all four problems they estimated the
base rate probabilities of the conjunctien’s “two component events A and B
for each ggoblem (1 e., the probablllty of ‘the events in the general
‘» populatlon) --These probablllty estlmates were _requested- as follows

*What is the. probabilitf§gthat a man [woman] drawn at random from the
general population would A [B1? Comparlsons of these prior probabildty
estimates to subjects’ estimates of the conditional probab111t1es of the
euents given the target descr1pt10n prov1de a man1pulat1on check to
determlne if the representatlve and unrepresentative events really were
perceived as such by subjects. Subjects then Jqued the conditional
probability of A/B or B/A for each problem. Half the subjects in each
.condition judged P(A/B) and half Judgéd‘P(BlA). These probability.
estimates were requested as follows: "If you already know.that a man )
{woman] drawn at random from the general population A [B], what then~ls
the probability that he [shel] alsc B [A]? '

The last page of .the booklet contalned a background qustlonnalre

de51gned to assess subJects tra1n1ng in, and understanding of,

\

-



%

17
probability theory-(see”Appendix C). The questionnaire included’
questioné.abdut the correct combinat ion Jules for judging the nrobability

of conJunctions'Fomposed of independent events -and diSJunctions eomposed

" of mutually exclusive events, about the definition of qytually exclusive

events and about how much formal educatlon the subJect had in
probablllty theory or statlstlcs The last question requ1red subjects to

make an 1ntu1t1ve assessment of their overall knowledge of prqbability

‘theory on an 8-point scale anchored with "very poor® and "excellent®.

! Results
"

Table 1 disblays the mean subjective probabilities of conJunctiens

apd representative (R) and unrepresentative (U) component events for’

subjects in all conditions: As can be seen in this table' the\subJectivé
probability of the representative'event was substantlally higher than:

that of the unrepresentative event for each problem. The meanxiitdmates

of P(R) were 71.4, 65.0, and 71.9 for'instance-category,
instance?instance, and category-instance_problemS‘ respectlvely, the mean
estimates of P(U) were 27.8, 25,9, “and 18.5, respectluely However, an

event may be\iﬁaged probable or 1mprobable 51mply because it has a hlgh

or low base-rate frequency in the general population, and.not.begause of

its representativeness relation with a tarhetvdescription To more

directly determine the effectiveness of the-representatlveness

“manipulation, I compared éubJects estlmates of the base rate

probabilitiges of the events with. their estlmates of- thelprobabilities of
the events given the target descriptions. The base-rate probability
shoqld,be'loger than the target'bnobab}lity for representative events,
and higher for unrepresentative eGents This was the case. For
representative events,’ the mean ‘difference between the target probability
and the base-rate probablllty was 43.2, 32.5, and 32 ; for
instance-category, instance-instance, and category instance problems /ﬁ
respeetively. . For pnrepresentative events, the_mean difference was -7.0,
-7.0, and -8.5 for the three problem structures, respectively. Thyus,
subjects did pereeive the representative and unrepreéentative events as

/
i L3
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such, and the representatlveness of these events was sxmilar for the
three problem structures o . . -
Because conditional dependenc1es between the component events of a
.‘conJunCtion may affect the.incidence: of the fallacy (see Experlment 2),

L
“it is 1mportant ta determine if the dependenc1es differed substantially‘

:acrqfs problem structures. This was not the case. The condltlonal _
probabilities of each event given the other were lower than the base-rate
probabilities of the events for all problem structures. The mean
difference between the ba§e~rate'probabilities and the conditional
probabilities w894?,9, 914_and 11f5 for instance-category, -
instance-instance,vand category-instance problems, - respectively. Thus;
there were slight negative dependencies betueen caomponent events for all
three problem structures, and the dependencies were similar.across

Y

,problem structures

- Strategy questionnaire results ﬁ@%ble 2. displays the mean ratings

of each strategy according to: how heaﬂily 1t was used for the probability
Judgments._ Mean ratings of each strategy were, analysed in 3'X 2 (Problem
.Structure,X Sample vs. No Sample) analyses of variance.~ The.problem
structure manipulation had the predicted.effectsﬁon‘samplfng strategies.

As seen in Table 2, The 1nappropr1ate sampling strategy was. used most

heav1ly by 1nstance category subjects (for whom the category was. the
,1nappropr1ate sample space) and Ieast heavily by category- 1nstance
subjects (for whom the Category was the appropriate samplelspace), F(2,
117) = 3.26, p ¢ .05 The opposite pattern emerged for the appropriate

sampling strategy, which was used most heavily by category—instance

subjects and least Reavily by instance-category subjects, F(2, 117) =

7.89, p ¢ .001. Instance-instance Subjects made intermediate use of both

the appropriate and inappropriate sampling strategies. The mean
difference- between ratings for the appropriate and inappropriate sampling
strategies (i.e.; appropriate strategy - 1nappropr1ate strategy)
significantly differed for all three problém structures, ts > 2. 19 ps <
.05. ' The sample vs. no-sample manipulation hadino_significant effect
on subjectsl sampling strategies, either as a main effect, ps > .50, or

in interaction with problem structure, ps } :10.

)
L]
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The inappropriate sampllng.strategy\does not appear to have been
part of a Bayesian analysis. If subJects\dho'relied on this strategy

were using a Bayesian analysis, then they should alsg have. relled heavily

" on the prior- probablllty‘strategy In fact however,- the prior

probability strategy was used least by 1nstaa%e category subjects (who
relied most on the inappropriate’ sampllng strategy) and most by

category 1nstance subjects: (who relied least on the 1nappropr1ate
sampling strategy), F(2, 117) = 5. 24 , P ¢ -01,. Furthermore ‘w1th1n each
‘problem structure, subJeCts who\rel1ed most.on_the inaopropr1ate sampling

strategy (by a median split) relied least on the prior-prObability

_ strategy, ts > 2.09, ps ( OS

Subjects’ rellance on representatlveness was 1nfluenced by both the

problem structure manlpulatlon F(2,‘117) = 3 28 E ¢ .05, dnd the sample

.manlpulakgon, F(2, 117) = 4.23, p < .05. As can be seen 1n Table 2, the

representativeness strategy was used most heav1ly1by category 1nstance

subJects and least heav1ly by ‘instance- category subJects ' Subjects
provxded with. a sample f1tt1ng the target descr1ptxon rel ied less on
representatlveness than subJects not prov1ded a sample V .
As would be expected reliance on the representat1veness strategy
was positively correlated to the mean subjective probabilities of
representative component events, r(121) = .34, p « .001 and negatively

-.17, p ¢ .05 % - :

" correlated to the nean probabilities of unrepresentative events, r(121) =

lnterestlngly, subjects in all conditions relxed on the two sampling

: \
-strategles and the representatlveness strategy: less for Judglng the,

- conjunctive probability than for judging the component-event

probabilities. The difference between mean strategy'ratings for
component events and for conjunctions was 51gn1f1cant greater than zero -
Eor all three of these strategies, paired dxfference ts (122) > 7.89, ps

¢ .001. This pattern occurred for each problem structure and attained

,,sugnlflcance for all three strategies w1th1n each problem structuré ts

276 ps ¢ .01.

g,
Incidence and Magnltude of the Coﬁbunctlon Fallacy

Two measures of the conJunctlon fallacy were calculated for .each

subject and separate analyses were performed on each measure. The
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incidence of'the“failacy was simpgg;pﬁe proporti&p of problems resulting

Tendn conJunction fallacies for éach?gubJect; 'Thus, this index varied from

.00 to -1.00 in in¢reme§ts of .25. The magnifudé'of the fallacy:was the

differéﬁb% between the conjunctive probability and the lower of the two

. component pfobabilities_for_each problem (cf. Wells, 1985). Positive
‘.differences mgaﬁ theJconJunctive_proppbility exceeded the lower'componént
‘probability; negative djfférénggs,ﬁéan the lower component probability

- exceeded the conjunctive probability. Difféfence scores were'éalculated

for each of the four probléms.that the subject judged; these were then

averaged to form one magnitude-of-fallacy measure for each subject.;

Tablé{ﬁ%displays{the mean mégnitude and ineidence of the conjunction

féllacy fér sﬁbjects in &1l conditjons. Problem structure had no
significant effect on either the magnitude of the fallaéy, F(2, 117) =
1.09,;E'> .30, ér-op tﬁeﬂincidenaf} f the‘fallaéy, F(2, 117) = 1.58, p>
.20. Providing subJects_a sample‘qf'people-fitting the target N
descfiption’did significantly red}Fe the“magnitude of the fallacy, F(1, |
117{'= 9.05, p ¢ .01, and resulted in a marginally siggjficanf reduction

e -
in the incidence of the fallacy, F(1, 117) = 3.28, p = .07. However, as

can be seen in Table 3, this manipulation had much stroﬁger effects on

“both the magnitude and &ngidente of the fallacy for instance-category

problems than for instance-instance or category-instance'6;oblems. A

7

contrast analysis showed that.this interaction ‘pattern was significéht

. N R
for both the magnitude and incidence measures, §§(1, 117) > 8.60, ps ¢

.01, and that the residual variance was t significant, Es « 1.

However, the samplé;manipulatioh ?lsq influenced the éubJective

probabilities of component*events for fn§tapce-catego ' ms, but not

for instance-instance or catégory-instahée probléﬁs.. As can be\seen in
Table 1, providing ﬂ{sample decreased P(R) and increased P(U)‘fob
instance-catéegory problems, but had little effect on these for the other
two problem structures. Ana}ysié§b§ variance on the mean difference
between P(R) and P(U) yielded a siénificant Problem Structure X Sample
interaction, 5(2, 117) = 3.12, p < .05; individual contrasts showed that
the sample efféct'was significant for 'instance-category problenms, t(117)
= 3.26, p ¢ .00t, bup'not for the other two problemvstructurés, 25{117) <

1. Because Lﬁ; difference between P(R) and P(U) was significantly
[
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D .
correlated with the magnitude ahd incidenceﬁ:f the coniunctioh fallacy,
rs(123)=* 24 and .44, respectlvely E? ¢ .01, _the effect of the sample
man1pulat1on on the fallacy for” 1nstance category problems may have been -
due to its effects on the component-event probabilities. Analyses of
covarlance, controlllng for the difference between P(R) and P(U),
supported thlsvlnterpretat1on W1th the dlfference between P(R)} and P(U)
as a-covariate, the sample manlpulatlon had no s1gn1f1cant effects on
either the incidence or magnitude of the fallacy for instance- -category
problems, ps > .05.. Including the covarlate reduced the proportion of
varlance accounted for by the sample mani latloo (5 ) from about .20 to -
less‘than .07 for both measures of the fa?%acy.

‘Were subjects’ strategy reports related to. the incidence’of‘thev
conJunctioq fallacy? This was the case only for the representativeness

strategy. Reliance on this strategy was positively correlated Qith-both

the magnitude and incidence of the fallacy, magnitude rt121) = .22;
incidence r(121) = .28, ps ¢ OO;} However, partial COrrelations; S
controlllng for the differenceé bétween P(R) and P(U), did not attain B ﬁ?

51gn1f1cance partlal rs(120) ¢ .14; ps > .10. Thus reliance on
representatlveness and the incidence of the fallacy may be related -
prlﬂarlly because of their common relation with the component event
probabilities. ' T -

Did judging several problems, or filling out a strategy
questionnaire following each problem, make subjects either more or less

likely-to- commlt the’ conJunct1on fallacy’ This was examlned by comparing

\\the 1nc1dence of the fallacy for the two problem orders. Half the

subJects in each condition Judged Problem 1 first (before they had seen .
any strategy questlonnalres or other problems) and Problem 4 last, and
half JquFd the problems in the reyerse order. There were no 51gn1f1cant
order effects either for problenms that served as Problem 1 or for those <
that served'as Problem 4, ts ¢ 1. ' The mean incidence of cooJunction
fallacies for Problems‘l and 4 was .40:when they were presented first and
.43 when they_dere presehted last. Thuathhe incidence of the fallacy
was unaffected by whether or fiot subjegss had previoualyljudged several

problems and filled out Strategy questionnaires.

¢
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Responses to the baekground guestionnaire sthed that only a '
minority of subjects knew the‘earrect combination-rule for judging
conJunctive prbbabilities {(27%) or 'disjunctive probabilities (20%).
Hdweﬁer correct answers to the background questions (sum of gpestions 1
. to 3) were only weakly related to the 1nc1dence of the fallacy, r(119) =
-.22, p ¢ .05. The same was the case for subjects level of training in
probability theory and statistics, r = -.13, R'<,(26; ehd their v
self-ratings of their knowledge of prpbabilfty theory, r = -.17, p « .iO,

~

Discussion
Manipulating the instance-category structure of problems had the
predicted effects on subjects’ reported sampling strategies. Subj)ects

were most likely to use the appropriate sampling strategy [i.e.,

- P(A &,BJtarget‘description)] and least likely to use the inappropriate

strategy [i.e., P(target description/A & B)] when the target was
described as a category member and the conjunction was composed of
instances of behavior.-vThis pattern vias reversed'dhen the target was
described as an instance and‘the conjunctien wae composed of categories.
Qhen neither the tgrget. description nor tﬁe conjunction strongiy evoked
category representat10n§; subjects’ reliance on both the appropriate and
inappropriate sampllng strategxes was 1ntermed1ate Although mean
ratings of the approprlate_stretegy were higher than those of the/
inappropriate strategy in all conditions, it is likely tﬁat subjects’
ratings provide a conservative estimate of their reliance on the
inappropriate strategy. Because the two stratégies were'juxtaposed on
the questionnaires, some subjects may well have recognized which was
appropriate, and adjusted their ratings accordingly.

+here was clear evidence,that the inappropriate sampling strategy
- was not part of a BayeSian“%nalysis, beeeuse subJects who relied most on
this strategy relied least on the prior:probability strategy. This
pattern not only rules out a Baye51an analysis, but also further

valldates subJects self- repaorts, since the prior probabilities are

relevant to the appropriate, but not the inappropriate, sampling

strategy. For example, the prior probability of bank teller is relevant

IS S
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to a Judgment of P(bank teller/targetwgggp gon . fButﬂif subJects:f
1nstead Judge P(target descrlptlon/banf 1y ?’}baoiwteLler is
glven.and its prlor probablllty is ireyd _‘cuw P - | ad

ol it ‘The strategy questlonnalre reéults prbv Y b _hfe that peop1e~
do ‘have systematic preferenceS‘ior certagn sa : _ 7§&nra. in, o
particular, that, they tend tm form ;ahple spah R ‘ The}a'
was, however no ev1dence that SUCh samleﬂ buted to
jthe conJunct1on fallacy° SubJects in all‘mdn ;‘. 'E,the‘
fallacyd?bout equally; w1th Ehe exceptlod?oi

subjects who were provided wlth@, sample f1tt1ng “é ’.rgetn cri"btioﬁ.
AnaIyses of covarlance showed- tha&hthe 1ow 1nc1dence of the f Lng for.

these subjects was* largely attrxﬁgt@ble 10 the effect of the
ce¥ ; |

manlpulatlon on the subJectlvébpraagbli}tles of the’ compone
PR 7 Y

Prov1d1ng a sample sharlng the ¥ é’ tudescﬁlptlon reduced’;“'
Fu 2
gténd-lncreased that of°the .

:@&bjectlve .

probablllty of the representatlwe

k‘.
unrepresentative event Jor Austanc ry subJects but not for the @
other two groups. This effect in turn may have been due to the effect o
the sample manipulation on*subJects rellance on regresentatgveness.
Reliance on representatlveness was positively correlated to P(R) and»
negatlvely ‘correlated to P(U), and the instance- category subJects who o
were prov1ded wlth a sample relied 1ess on represeptatlveness than :
subJects in other condltlons. It .is unclear why the sample manipulation
had th1s effect for 1nstance -category subJects becausevlt.dld not . - .
significantly influence their use of other strategies.

Althqugh thecinappropriate-samplefspace interpretation of the .
conjunction fallacy wds not supported, these findings'provide only
equivacal support for the representgtiveness interpretation of the '
fallacy. Reliance on representativeness was related to the fallacy, but
there was no evidence that representativeness influenced the.fallacy
independently of its effects on the componeng-event probabilfties.
Furthermore, subjects relied less on‘rephesentativeness (and on both
séﬁpling strategies) for judging conjunctive probabilities than for
Judging component probébilities, suggestihgfthat they may have used some
other strategy to judge conJuhctions. The implications of:this finding  ~-

will be further .explored in the genecel discussion.
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- conjunction problem that was conceptually similar to the Bjorn Borg

In the_present study, subjects were each giVen one version of a

l
1

problem. The conJunction was composed of two high-probability outcomes

(HH), two'low-probability outcomes (LL), or on€ hign- aqg one NEP
low-probability outcome (HL or LH, depending on whiChiputcome occurred
first). The outcomes were either dependent or independent: the .
dependency was positive for HH and LL palrxngs and negative for HL and

LH pairings. ['f people interpret the conjunction as a conditional -
when’ the component cvents are dependent but not otherwise, then o
changxng the,temporal order of high- and low- -probability events (i.e.
HL vs. LH) should affect Hu; 1nc1dence of the conjunc\ion fallacy only
for dependent-event conJquplons.' Spec1f1cally, LH pairings should
vield more fallacies than HL pairlngs for dependent-event conjunctions
but LH and HL paxrxngs should yield equal .numbers of fallacies for
independent-event conjunctions. Furthermore dependent -event
conjunctions shoyld yield more fallacies than indepen nt-event
conjunctions for HH, LL, and LH palmlngs, but £irer iZTlac1es for HL
pairings. ) . L - j
Method

Subjects. and Design

The sample was composed of 431 male and female introductory

étudenté who participated in partial fulfillment of a course

fequirement. Subjects were rapdomly assigned to conditions of a2-Xx?2

X 2 (First Outcome X Second Outegme X Outcome Dependency: dependent vs.

independent) betweenfsuﬁjects factorial design. From 15 to 18 subjects

participated in each condition.

%o
Stimuli M |
Because the B8jorn Borg problem is outdated (i. e-, Borg is no
longer among the top- ranked players in the world), elghtfver51ons of a

conceptually similar COnJUthlOﬂ problem were created. The problem

“involved a playoff series between two Natlonal Hockey League teams the

Edmonton Oilers and the Vancouver Canucks. The Oilers consistently

finish the regular season at or near the top of the league standings

and, at the time this research wag,éonducted. they had won~the Stanley
4 . - o - - 7

&
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Cup finals in feur of the last five years. The Vancouver

the other hand, consistently finish the season in the bottom half of
the league standings, and had not defeated the Oilers in 24 consecutive
gaMes between the two teams_ Thus, it is hlghly nepreSentatlve (and
'probable) for the Oilers to w1n‘against the Canucks and highly
unrepresentatlve (and 1mprobable) for them to lose. * " The problem read
as“follows o ’ . o
. | : | .
Suppose the Edmonton Oxlers and the Vancouver Canucks meet in the
Smythe Buv1s1on Final next season. The Smythe Division Final is a-
best-of-seven series. What is the probability of each of the .

following'outcomes? . : ' ¢

In independent - -outcome problems, conjunctions were composed.of the

outcomes of the first and second games of the series (e. g The OlgeTs
will win the flrst game and the Oilers wlll lose the second game) .

' Although these two outcomes may not be qompletely independent, it was
'ekpected that most .subjects would not consider them to be strongly
dependent. ‘?ouf-fndependent-event problems ineluded all possible
permutations of outcomes of the fifsf two games {(i.e., winQWin,

win-lose, 1o$e-win, lose?ldée). In dependent-outcome problenms,

congnnctidns were cbnposed of the outcome of‘fhe first game and the

finaI)outcome of the series (e,g-, The Oilers will win the first éame
" and -the Oilers will lose the series). Four dependent-event'prdblems‘
included all possible'pernutétidns of outcomes of the first gane and

the series.

Procedure '

Subjects participated in small groups. Introductory instructions
we;e as in Experiment 1. SubJects each received one v1r51on of the
Oiler-Canuck prdblem. They flrst Judged the probability of each
outcome and lhen the probability of the conjunctign of outcomes. On
the follOwing page, subjects judged the.conditidnalvp}obgsility;,
P(Second Outcome/First Qutcome); These )judgments were elicited by

questions of the following form: “Suppose you already know that the

4
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" Oilers have won [lost] the first game, what then is the.probabillty

that they will go on to win [lose] the second game[lseries].'

\

Results -

Manipulation checks. Table 4 displays mean subJectlve

probablfﬁtles of the conJunctlon and its component outcomes, as well as
the condltlonal probablllty of. the second outcome given the first, for
subJects in all conditions. ‘As can be seen in Table 4, the |
manlpulatlon of .outcome- probab111ty was successful Subjects )
con51dered it substantially more likely for the Oilers to win than to
lose agalnst the Canucks, regardless of whether the outcome was of a
game or: of the entire series. To evaluate @ﬁe success of the
?manlpulatlon of outcome dependency, I compared subJects estimates of
the probabllxty of the second outcome, P(0; ), with their estimates of
the conditional probability of the second outcome, given the first
outcome, P(0,/0,). The two‘probabilities should be identical if the
' outcomes are seen -as independent, - P(Oz) should be higher than P(0,/0,)
if the outcomes are seen as negatively dependent and lower if the
outcomes are seen as positively dependent In independent - outcome ’ ‘
conditions (1 e., first game and second game) 65% of subjects’

estlmaxesaof P(0;) were 1dent1cal to their estimates of P(0,/0,),

whereas in dependent outcome conditions (i.e., first game & ser1es),

only 42% of these probapilities were identical, ° = 6.48, p-<v.6é..
, As carf be seen in Table 4, the directions  of the dependenoies were as .
’expected with win-win and lose-lose being positive, -and Qin-lose and
lose-win belng negative. Y .

&
ﬁgk conJunct1on fallacy The 1nc1dence of the conjunction ta

acy

Laé’cod by a551gn1ng subjects a 1 if 1| they commltted the fallacy and a
0 otherwige. Although this measure is blnomlally distributed, the .
normal distribution provides 3 good approximation of the binomial with
sample sizes such as in th s study (Hays, 1981). "vrthermore, even
with highly skewed dlstrlbutlons the sampling dlstrlbgflon of the mean
rapldly approaches normality with increasing sample size: The

gnc1dence of the fallacy was there?%re analysed using standard
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parametric tests. The magnitude of the~fallacy was calculated as in
Experiment 1. - Table 5 displays the mean magnitude and incidence of the
fallacy for subjects in all conditions. Con51stent with Wells (1985) -
flndxng, the conjunction fallacy occurred more frequently with pairings
of a hlgh- and a low- -probability event (win- lose; lose-win) than with
palrlngs of hlgh-probablllty events (win-win) or of low-probability
events (lose-lose). Analyses of variance on the incidence and -
vmagnltude of the fallacy ylelded significant effects for
outcome- comblnatlon incidénce F(3,123) = 10.22, B < .001, magnitude
F(3,123) = 7.72, p < .001. A contrast comparing the win-lose and
lose—win conjunctions with the. Jin'win and lose lose conJunctions
showed that both the incidence and magn?tude of the fallacv were

\
significantly higher for the former conJunctlons incidence t(l 123) =

4.65, p < .001; magnitude t(1, 123) = 4.18, p ¢ .001. ¢
‘Separate a. prio%iacontrasts ng; appl1ed to test the predlcted
1nteract109 between outcome. comb1nat10n and outcome dependency for
_negative- and for positive- dependency conditions. Negative
dependenc1es were hypothesized to decrease the incidence of the fallacy
for win- lose conJunct1ons but increase 1t for lose- w1n conJunctlons
Table 5 shows that ‘the results conform to this pattern
dependent outcome problems resulted in fewer fallacies than
independent - outcome problems for w1n-lose con3unct1ons (.27 vs. ».479;'
but more fallac1es for lose-win conJunctlons (.78 vs. .47). The
incidence of the fallacy did not dlffer between win-lose .and lose- -win
conjunctions for 1ndependent-outcome.cond1t10ns>(.47;vs. .47). The
folloming contrast weights compared the incidence and the magnitude of
the_fallacy for the two negative dependency cells with the
;corresponding lndependent~outcome cells: for independent outcomes, -1 -
';(win-lose) -1 (lose-win); for dependent outcomes., -2 (winJIosel 4
(lose-win). This.contrast attained signiﬁicance for both the incidence
and magnitude measures,.incidence 5(123)§; 3.45, p ¢ .001; magnitode
T t(123) ; 2. 37"p ¢ .01, 7 El”*.

of the~conJunct10n fallacy. As caﬁébe“seen 1n Table 5, the two

r .

positive dependency conditions (i.&5, wir game & win series; lose game -
T ) v
. . ‘ e
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& lose serlesg led to a h1gher incidence of the conjunction fallacy
than the correspondlng indepeydent-outcome conditions (.24 vs. .06). A"
contrast comparing the posxtlve/dgpendency.cells with the corresponding
independent-outcome cells was significant for the incidence of the
fallacy, t(123) = 1.67, p ¢ ..05, but did not attain significance. for
the magnitude of the fallacy, t(1;3) =1.45, p = .08.

If the observed effects of utcome dependency occurred because
dependent outcomesssaused subjects to treat the conjunction as a
condltlonal, then estimates of- the conjunctive probability should oe‘
more similar to estimates of the conditional probability for
dependent-outcome subJects than for nndependent outcome subJects To
wtest this, 1 calculated the. absolute difference between P{O, & 0.) and
P(OZ/O ) for all subjects. The mean of these dlfference scores was.
51gn1f1cantly lower for dependent -outcome subJects (mean = 10.89), than

- for independent- outcome subJects (mean R 21.22), F(1, 123) =9, 89 p <
AOI Furthermore, ‘the conjunctive and condltlonal probab111t1es were
identical for a higher proport1on of dependent outcome subjects than
1ndependent outcome subjects (45% vs. 23%), *=7.27, p ¢ .01.

Discussion .
bbbl

The manxpulatlon of "outcome dependency hag; the pred1cted effects
on the conjunction fallacy Positive dependencles increased the
incidence of the fallacy. Negative dependencieé eit ‘ ficreased or
decreased the incidence og the fallacy depending on the temporal order
of . the hlgh- and low- probablllty outcomes. ConJunctlons of a low
probabxllty uutcone followed by a high probablllty outcome (i.e. )
lose-win) yielded a lower 1ncldence of the fallacy {or depegdent than
for independent outccmés, whereas conjunctions of a high probability
outcome followed by a low probability outcome (i.e. wln-dose) yielded
a hlgher 1nc1dence of the fallacy for dependent outcomes-- The temporal
"-order of hlgh— and low probablllty outcomes had no effect on- the
incidence of the fallacy for independent-outcome conditions.

Consistent with the argument_that these effects occurred because

subjects tended to treat conJunctions‘ofmdependent outcomes as
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conditionals, estimates of P(0, & 0,) were”more'simiiar.to estimafes
of P(0;/0,) for dependéntioutcome problems than for indebendent—butcome
problems, and the two probabilities wére.identical-for a. higher

~_proportion of subJeefe who judged the'former problems.

Is it possible that the pattern df conJunCtion fallaciesﬂoccurred,

not because of the manipulaéidh'of conditional dependencies, but
because of differences in tﬁe representativeness of dependent- and
independent -outcome problems? For example, “it could ‘be argued that the
win-lose conjunction was less representative for dependent thar for
independent outcomes (because it is less representative for the Ollers »
;to lose the entire series than to lose one game) .but that the lose-win:

' conjunction was more representatlve for dependent outcomes (because it
is more representative for the Oilers to win the entire series than to
win one game). ‘HOwever, it is difficult to account for the closér
correspondence of conjunctive and conditiodal probabilities forl
dependent -cutcome ggah independent-outcome proplems based on
differences in reprééentativeness@“.Furthermore if differences in
-represeptativeness.acs?unted fdr tjf pattern qf the fallacy, then
lose-lose conjunctions shguld have‘yielded a lower incidence of the
fallacy for dependent thE%@for 1ndependentroutcomes {since 1051ng both
the firgt game and the series would be most unrepresentative of all)
and this was not ‘the case. ® '

The f1nd1ng that p051t1ve dependenc1es 1ncrease the 1nc1dence of
the conjunction fallacy replrcates the flndlngs of previous research
(e.g., Tversky and Kahneman, 1983). It has generally be 1 assumed,

vhowever, that negatlve dependencies woul reduce the incidence of the
fallacy For example Tversky and Kahnemdn (1983) say "the conJunctlon

faliacy was common in the Linda. problem desplte the fact that the

"stereopypes of bank teller and fem1n1st are mxld,__lncompatlble (p. -
305). Yet the results of thls study show ;hat negatxve as well as
posxtlve dependencies can lead to conJunctlon fallacies as a result of
conditional 1nterpretat10ns Thus Lhese ‘results suggest that the high
1nc1dene%*UY the fallacy in the 'Bjorn Borg problem and similar problems
used in other research. (e. g., .Yates & Carlson,-1986) is probably

attributable to conditional 1nterpretationé dfjconJunctions rather than

-~ - . s
L : o
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to rellance oﬁﬁgepresentatxveness .

The conJunctlons in this study entailed an expllc1t temporal order
of the ‘component outcomes. It is an open question to what extent
people treat conJunctlons of dependent events as cond1tlonals when the
events do not have an expllc1t temporal order. This questxon is of
importance because man1pulat1ng the representativeness relations
between a target descrlptlon and ‘the compod%nt events of a conJunction
commonly affects the conditional dependencies between ‘the events. -Most
previous research has used conJunctlons ofya representatlve (R) and an
unreépresentative (U) event, wh@gh tend to be negatlvely dependent (as
shown in Experiment 1). Condltlonal 1nterpretat10ns of such
conJunctlons could either 1ncrease or decrease the incidence of the
conJunctlon fallacy dependlng on (a) whether subJects assess P(R/U) or

P(U/R), and bb) the sfrength of the dependency between R and U. The

fallacy is‘most likely if supjects assess P(R/U), because this will

“often fall between P(R) and P(U). If, -Aougyé/’—zhe negative dependency

i1s very strong, then P(R/U) will fall below P(U) and the fallacy will
not occur. . .

The incidence of the conjunction fallaey was also strongly
1nfluenced by the combination of component-outcome. probabllltles
ConJunct1ons of a hlgh- and a low-probability outcome yielded a much
hlgher 1nc1dence and magnxtude of the fallacy than did conjunctions of
high-probability outcomes or of low-probability ocutcomes. The low
incidence of the fallacy for conJunctxons of h1gh probability (or
representatlve) outcomes does not correspond with what one would expect
if subjects were Judglng conJunctlons accordlng to representativeness
(since conjunctions of representative outcomes should be more
representatlve than either of the outcomes) However thls finding is
dlfflcult to ‘interpret because there was a pronounced celllng effect

for the’ subJectlve probabilities of the hlgh-probablllty outcomes. In

fact, 15% of subjects judged the»probabilities of both component .

_Outcomes as 100%. Thus, the low incidence and magnitude of the fallacy

for these conjunct%ons mayihave been .partly an artifact of this ceiling

effect.

"’



A Experiment 3

w Incorrect Combination Rules and the Conjunction Fallacy *

[ have suggested that people may judge the prop#bility of ‘a

conjunction indirectly, by combining the probabilities of its component

’ events,'even when they directly judge the component-event probabilities

according to representativeness. This experiment examined to what
extent the conJunctlon fallacy results from representatlweness mediated

probablllty Judgments or simply from the use.of incorrect operatlons to

'acomblne component event probabilities.

According to the incorrect-combipation-rule. interpretation,

representatxveness is related to the conjunction fallacy only because

&,
1t 1nf1uenceg?sub3ects estimates of the component-event probabilities.
i o 7H

If s@ subjects who make representat1veness mediated  judgments and

subJects who cannot rely on representativeneSs but are simply given

similar combinations of component-event probabilities and asked’to
Judge the conjunctive’ probablllty 'should commit the conjunction fallacy
equally often. :klf an the other hand, the conjunction fallacy stems

from reliance on representatlvenESs Jthen the latter group of subJects

should be much less llkely to commlt the conjunction fallacy.

In this study, representatlveness subjects were given problems: =

{such as the Linda probiém) for which they could base their brobability"".'
Judgments on representetiveness.‘ The canjunctions were.conpoéed of'tab-“
representative (high-probability) events, two unrepresentative
(low-probability) events, or:one representative and one
unrepresentative‘lone high- and one low;probabjlity) event.

Probability-combination subjects &ere given problems for which they

could not nake representativeness-mediated judgments, but could judge
the conJunctive probability only by combining the component-event
probabilities (which were simply provided in the problen). The
conjunctions were comoosed of two'njgh-probability events, two
iow-probabilitﬁ events, or one high; and one low-probability-event.
Thus, both groﬁ?s_worked with similar combinations of probabfl%ties,
but only the representativeness subjects could judge the conjunction”
directly according to representativeness.

37
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If the conJunctlon fallacy is due to reliance on
representatlveness, probablllty comblnat1on sub3ects should be much
less likely than representetlveness subjects to commit- ;he conJunctloe
fallacy. 1If the fallacy is entirely due to inappropriate combination
rules, then both groups should commit the fallacy equally often and.
with the same combinations of component-event probabilities. In. short,
probablllty combination subjects will show how much of the conJunctlon
fallacy is due to .incorrect combination- rules whereas any increase in
-“the fallacy for representativeness subject¥ will ‘show how much it is

due to other factors, such as reljance on representaszyeness.

.Method

Wy

SubJects and Design

The sample was composed of 212 male and female 1ntroductory
psychology students, who participated in partial fulfillment of a
course requirement. The design was a 2X3 (ﬁepresentativeness vSs.

QProbability-ComLination X Component-Event Probabilities)
between-subjects factorial design. From 33 to 37‘sub3ects were

_ randomly assigned to each eondition-
Stimuli :

Representativeness problems. Two conjunction problems were

‘adaptedvfrom:the,Linda and Bill problems used by Tversky .and Kahneman
(1983). These weEe'selected because they have been used in several
studies of the c0nJunctlon fallacy and are commonly presented as
exemplars of problems evoklng conjunction fallacxes from
representatxveness medlated probablllty Judgnents The
representatlveness relatlons between the target descriptions and the
component events were manipulated so that the conjunctions were
composed of two’high-probability events (HH), two low- probablllty
eﬁents (LL), or one high- and one low-probability event (HL). “These
problems are presented below. The high- probablllty version of eech
event is listed first and the low-probability version is listed second.
The HL version of the Llnda probiem contained the low-probability event

A and the hlgh probabllxty event B The HL version of the Bill problem
L ) ) .
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contained the high-probability event A and the low-brobability event B.
Linda Problen: a
B Linda is in her early 30's, single, ouﬂég;ken and very bright.
_ She majored in philosophy. As a student, she was deeply concerned
‘ with issues of discrimination and social justice, and also

part1c1pated 1n‘ant1 nuclear demonstratlons What is the

-
' probab111ty of each of the folLow1ng7 B -

. A Linda is an avid reader fa bank teller].
y ¢ B. Linda is active in _the feminist movement [extremely

fashion-conscious].
Linda is both A and é.
Bill probtem: | (
Bill is in his early thirties: He is igtelligent, but
. unimaginative, compulsive, aﬁd generally lifeless. In
¢ school, he was strong in mathematics but weak in social !
studies and humanitiesf What is the probability‘of each of
the following? |
A. Bill is an accountant [an excellent athletel.
B. Bill is politically conservqtivel[plays Jazz for a hobbyff\
C. Bill both A and B. | : | B

\

Probability-combination problem. This problem identified an

*)maginary planet and the creatures populating the planet. . The problem
provided the probability tqu a creature would have feature A and the
probability that a creature would have féature B. Subjects were

required to Judge';he prdbability fha; a creature would e both A and

B. Three vérsith'of the problem contained two high-prpbability

features (80% and 75%), one high- and one low-probabil ty:fea£Ure (80%
and 20%), or two low-probability features (25% and 20%). The problem

read as follows: ,

2

imagine that you are exploring the Planet Kropiton. Kropiton is
1nhabi£ed by Gronks. The probabiliiy that a Gronk will'have blue
ﬁair'is _;}. The probability that a Gronk wlll»have three eyes is
__%. What is the probablllty that the first Gronk you meet wlll

have both blue hair and three eyes? P
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Strategy questionnaires. These were designed to determine (a)

whether Tepresentativeness subjects Judged conJunctive probabilities
directly or by combining the component-event probgoilities, and (b)
what combination-rules subjects used to combine component -event
;gprobabilities. Appendix D contains a sample strategy questionnaire

&

used for the HH version of the Bill problem. Subjects given i
representativeness problens first indicated whether they had Jodged the-%
conjunctive probability directly without using the probabllities of its
component events, or based on the component-event probab? lities ~
Subjects who reported using the latter strategy then indicated whether

or not they had used each of several strategies to combine P(A) and

P(B). These strategies ihcluded the\following: (a) averaging,'(b) ‘
averaging and adJuétiné\up or down, (c) adding; (d) selecting the lower
probability, (e) selecting the higher_probability, (f) multiplying,‘(g)
multiplying and adjusting up or down, (h) selecting P(A/B), (i)
selecting PKBfA) (y) combining P(A) and P(B/A) by averaging or
multipllcétio;\and (k) combining P(B) and P(A/B) by averaging or
multiplication These strategies were selected, based partly on ?
examination of verbal protocols collected from pllot subjects, and
partly on the findings of prev1ou§ research (Abelson et al. 1987;
Goldsmith, 1978; Wyer, 1976; Yates & Carlson, 1986).

The stratéky questionnaire for probability- combination subjects
was identical exéﬁé?ﬂthat they were not asked if they had judged the
conJunction directly or based on the component-event probabllities
(because they ‘could not use the former strategy) and the questionnalre
did not include strategies that entailed assessing_the conditional
dependepc1es of events A and B (strategies h through k).

Procedure - v

Introductory instructions were as in prev1ous experlments

: SubJects received a booklet contalning either the two .
frepresentativeness problems or the probability-combination problem with
*corresponding strategy questionnaires, and an answer booklet,“ Half the

representativeness subjects Judgedche Bill problem first and half

z Judged the Linda problem first. On the page folloaing each problenm,
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‘subjects-filled out a strategy quest1onna1re Fdllowing the
probability judgment task, subjects eompleﬂéd a background
'quest10nna1re.. This questlonnalre yas 1dent?%al to vﬁht used 1n
Experiment 1, except sub)ects were not given the option of indifating
that'théy did not know the correct answer for any questions. They were
asked to make their best guess even if they were uncertain of the
correct answer. This change was made to determine what combination

rules subjects thought were most reasonable, even if they did not think

they knew the correct rule. .

.

™ .
Results

)

Table 6 displays the mean probabilities of conjunctions and
component events for representativeness and probability-combination
subjects. The component-event probabilities for represengativeness
subjects are subjective probabilities; the corresponding probabilities
for probability-+combination subjects were simply provided in the
problems. As can be seen in this table, representativeness and
probability- comb1ﬂ§k10n subjects worked wlth similar combinations Pf
component event probabllltles.' This correspondence was very close for
LL and HL conjunctions, and moderately cliose for HH conjunctions.

The magnitude and incidence of the conjunction fallacy. The

magnitude of the fallacy was obtained as in Experiment 1. For
representativeness subjects, the incidence of the fallacy was coded by
' . assigning subjects a 07 .5, or 1, according to whether they committed

the fallacy f\r neither, one, or both of the broblems (hote that the

mean of these jncidence scores is equal to the proportion- of pfoblems

yielding the £4 lacy). Because probabilit§-combination subjects. each

Judged one”proble ,'they were assigned either a 0 or a 1. The

incidence measure therefgre had a greater varlance for ’
probablllty combinatiqn subJects but the heterogeneity of variance was
slight (5. = 1.465.@).

Table 7 displays the mean magnitude‘and incidence of the
conJunction'fallacy.ﬁor'representativeneSSIand probability-cqhbihation

subJects. These measures were analysed in 2 X 3 (Representati%eness
1 )

’
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vVS. Probability:comblhati n X Component-event Probabilities: HH, HL,‘or
" LL) analyses of varlan e. Overall: representativeness subjects were no
more lqkely to c;mmlt the conjunction fallacy than . wﬂ” >
probabll}fy cbmbination subjects, (.41 vs. .39) 1?1, 206) < 1, nor did
the reprééentatlveness VS. probablllty—combination manipulation
interact with the manipulation of component-event probabllities F(2,
206l.( 1. Ind1v1dual contrasts showed that the 1nc1dence of the |
fallacy for representatxveness and probablllty comblnatlonagabjects did

not 51gn1f1cantly d1ffer for any of the component-event probabilities,

‘35(206) ¢ 1. The mean magnltude of the fallacy was somewha

for representativeness subjects (mean = 2.74) than for S
probabllity-cbmbidation)subJects-(mean = -.53), although:thié ’
difference was only marginally significant, Fll 206) = 3.52, p
There .was, however, a 51gn1f1cant 1nteract1on between the
representatlveness vVs. probablllty combination manipulatior 1 the
manxpulatlon of component- event probabilities on the magnitude of the
fallacy, F(2, 206) = 4.70, R ¢ .01. As can be 5een in Table 7, HL and
LL comblnatlons resulted in 31mllar magnitudes of the fallacy for
representatlveness and probability-combination subjects, but HH
comblnatlons led to a hlgper magnitude of the fallacy for o <
representativeness svbJects . lnd1v1dual comparxsons showed that the
'magﬁlghdefof e fallacy for the two groups significantly dlffered only
for HH conJunctlons t(206) = 3.20, p « .Ol,_HL and.-LL ts(206) ¢ 1.20,
E; > .20. _ | R X
The incidence of the fallacy was significantly affected by the
manlpulaczon of component-event prObabllltleS F(2, 206) = 8.24, p ¢
.001. As can be seen in Table 7, both representatlveness and
propablllty comb1nat1on subJects were least lxkely to commit the
fallacy-41th LL conJunctlons and about equally llkely to commit the
'fallacy wlth HL and HH conjunctions. Individual contrasts showed that
LL conjunctions resulted in a lower ipcidence of fallacies than either
HH or HL conjunctions, ts(206) > 3. 2!:_5 ¢ .001.
As in Experlment 1,--there.were no 51gn1flcant problem -order

effects for representatlveness subjects on elther the magn1tude or’ \\\

incidence of the fallacy, ps > .30.

=
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Strategy rgports. Most representatiyeness sdbgects reported that

N — ' . . . . .

they did not Jﬁthe conjunctive probability directly, but instead

based it on the probabilities of the component‘events. This was
reported by 70% of subjects for the Linda problem<and 81% for the Bill
problen These'percentages were not significantly affected by the
manipulation of component event probabilities for either problem ’s
(2) « 2140, ps y .30. Interestingly,'subjects who reported Jjudging the
'COnJunction directly were lgsg I'ikely to commit the congunCtion fadllacy

than those who reported basing their judgments on the component-eVént

probabilities, r(99) = -.23, p ¢ .05. However, this relation held for
AN '

HH conjunctions (r = -241, p ¢ .05) and LL conjunctions (r = -.31, p «

.10), but not for HL conJunctions (r = -.04).

Representativeness subjects were assigned a 0, .5, or 1.0 for each
k4 .
strategy, according to whether they had used it for neither, one, or
both of the problems Probability—combination subJects were assigned

either a 0 or a 1.0 for each strategy. Data from 14 representativeness‘

, sut acts who reported Judging the conjunction. directly for both

problens were not 1ncluded in the analyses of strategy reports. ”

Table 8 shows the mean strategy reports of representativeness and
probebility-combination subjects. As can,be seen in this table,
representativeness and probability-combination subjects’ strategy
reports were very similar. \The two ‘groups significantly differed only
in their use of .the addition strategy, F(1,194) = 8.70, Efk .01.
Otnerwise, there’ were no signiLlsgnt differences between strategy
reports for the two groups, Fs(1, 194P~< 1.50, ps> .20.

" By far the most common strategies reported by subJeCts in all
conditions were those invelving averaging the probabilities of the . ’
. pmponent events. Strategies involving multiplication{ the normatively
”propriate combination rule, were used for only a.minority of
prlems. Taking the lower component probability as the estimate of

é conjunctive probability was reported for 17% of problems, but USing

tbe higher probahglity was reported for only 4% of problems.

Interestingly, representativeness subjects reported using the
conditional probability of one gvent given the other [i.e., P(A/B)] as

the estimate of the conjunctive probability for 19% of pFoblems.
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.,vs. Probability%combinaticn X Componenﬂgevent Prcbabilitiés: HH, HL, or
LL) analyses-of‘variance. Overall, representativeness'subJects were no
more likely to commit the conjunction fallacy than
probability-gombination subJécts,'(.dl vs. .39) E(i, 206) ¢ {, nor did
the rcpreéentativehess vs. probability-combination manipulation .
interact wiéh»the manipulation of'ccmponent-event prqbabilitiés F(z,
2063 « 1. lndividual contrasts showed that the incidence of"the
fallacy for representat1veness and probabxllty combination subjects did’
not. 51gn1f1cantly differ for any of the component event probab111t1es
ts(206) < 1. The mean magnltude of fhe fallacy was somewhat greater
for representatlveness subJects (mean = 2.74) ‘than for
- probability-combination subJects (mean = -.53), although,this
difference was only‘marginally significant, F(1, 206) =.3.52, p = .06.
There was, however, a significant interaction bétween the
representativeness vs. probability-coﬁbination manipulation and the
manipulation of component-event probabllities on the magnitudc of fthe
fallacy; F(2, 206) =.4.70, p ¢ .01. As can be seen in Table 7, HL and
LL combinations resulted in similar magnitudes of the fallacygfor
representatlveness and probability-combination subjects, but HH
combinations led to a higher magnitude of the fallacy for
representaﬁiveness subjects. Individual comparisons showed that the
magnitude of the fallacy for the two groups significantly differed cnly
for HH conJunctions;‘£(206) = 3.20, p ¢ .01; HL and LL ts(206) ¢ 1.20,
‘E§') .20. ; ..
S The incidence of the fallacy was si nificantly affected by the
manipulation of component-event probab?:?ties, F(2, 206) = 8.24, p ¢
.001. As can be seen in Table 7, both representativeness and
probability-Combiqation'subgects were least likely to commit thé
fallacy with LL conjunctions, ‘and about equally likely to commit the
fallacy wifh HL and RH conJunctions Individual contrasts showed that
LL con3unct1ons resulted in a lower: 1nc1dence of fallacxes than either
HH or HL conJunctlons ts(206) > 3.25, ps ¢ -.001.
As in Experiment 1°-there were np significant problem- order

effects for representatxveness subjects on either the magnitude or

incidence ofvthe fallacy, s > .30.°
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Strategy reports. Most representativeness subJeots reported that

-.they did not judge the conjunctive probability directly, but‘instead
"baséd it on the probabilities of the component events This was
.reported by 70% of subJects for- the Linda problem and 81% for the Bill
problem.» These percentages were not sxgnlflcantly affected by the
manipulation’'of .component-event probabilities for either problem, ﬁé
(2) ¢ 2.40, ps > :30. Interestingly, subjects who‘reportedvjudging the
“conjunction directly were\lgég likely to commit the'conJunction fallacy

than those who reported basing their judgments on the component-event

probabilities, r(99) = -.23, p ¢ .05. However, this relation held for
HH conjunctions (r = - .41, p ¢ .05) and LL conjunctions (r = -.31, p <
.10), but not for HL conjunctions (r-= -.04)..: '

Representativeness subjects were assigned a O, .S,‘or 1.0 for each
strategy, according to whether they had used it for neither one, or
both of the problems. Probablllty -combination subJects were assigned
either a 0 or a 130 for each strategy. Data_ from 14 representat1veness
subjects who reported judging the conjunction directly for both
problems were not included in the analyses of'strategy reports.

Table 8 snows the mean Strategy‘reports of.representativeness and
probabllxty comblnatlon subJects As can be seen:in this table,
representatlveness and: probablllty combination subJects stretegy
reports were very similar. The two groups 51gn}f1cant1y differed only
in their use of the addltlon strata§y, F(l 194) = 8.70, p ¢ 01,
Otherwise, there were.no significant d1fferences between strategy
reports for thejtwo groups, Fs(1,194) ¢ 1.50, ps > .20. A

By far the most;common strategies reported by subJecte in all
conditions were those involving averaging the probabilities of the
component events. Strategies involving multiplicetion, the normatively
apbropriate combination rule, were used for on}y a minority df'
problems. Taklng the lower component probability as the estxmate of
. the conJunctEye probablllty was reported for 17% of problems, but u51ngr
‘the higher probability was reported for only 4% pf problenms.

Interestingly, representatlveness subjects reported using the

.

conditional probability of one event given the other [i. e., P(A/B)] as

the estlmate of the conJunctlve probablllty for 19% of pnoﬁlems

! . v.
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For. the most §3E£'7éu63ect§' strategy reports.were’similar.for‘HH. '
* HL and LL conJunctaons However' the manlpuiatlon of component-eu?nt
probabllltles had 51gn1f1cant effects on subJects use of the averaging
‘strategy, F(2 - 193) = 3. 94, p « OS and the1r -use of the ' S
-_averaglng -and-adjustment-down strategy, F(2, 193) =.3. 12 p- < .05. - §8é34
Ind1v1dua1 comparlsons showed that subJects were less l1kely to .use an’
: aueraglng strategy for HL con@unct1ons than for HH conJunctlonQ' E <
.01, br for. LL conJunctlons p ¢’ . and .more l1kely to use an -
'_avera&{ng -and - adJustment -down strategy for LL than for HH conJunctlons

A

l ‘p ¢ .10, or for HL con3unct1ons p ¢ .05.

. i
-conJunctlon fallacy? This was  indeed the case. Table -9 dlsplays

Were subJects strategy reports related to the 1nc1dence of* the
correlatlons between strategy reports and the 1nc1dence of the-
conjunct1on fallacy JCorrelaglons were calculated only for strategles‘
that had been u5ed ‘for at least 5% of problems "As would be expected
subjects who reported averaglng or adding the component probabllltles g
were more likely to commit the canjunction fallacy than those who did,
noi. This was not‘the case, however, for subjects who reported

ayeraging and then‘adJusting’their estimate downward. As would also be
expected, subJects who reported multlplylng the component probabllltles

or taklng the- 1qwer probabxllty as their estlmate were féss llkely to

g o -
e R

commit the conJunctlon fallacy than others? Representat1veness
'subJects who reported u51ng as thelr estlmate'the conditional
probability of one event given the other were more llkelyyto commit the
‘conjunction fallacy than subjects who d1d not use th1s strategy
'Representatlveness*subJects who reported averaglng the probability of
one component event with tbe condltlonal probability of the other
{i.e., averaging. P(A) and P(B/A)l were also more llkely to commit the

¢

fallacy than others
e ponses to . the background questxonnaxre showed that only 31.9%
of ubJects knew (or guessed) the correct combxnatlon rule for Judglng
conjunctive probabilities; 40.5% thought that averagxng was the correct
vrule 21.0%. thought that selecting the lower component probablllty was’
appropriate, and 6 2% thought that addlng was the correct rule

Knowledge of the correct.comblnatlon-rule.was weakly related to the



Table 9 '

\

Correlations Between Strategy Uée and the Conjunction Fallacy for Experiment 3

Representativeness Probability-Combination

Magnitude Proportion . Magnitude Proportion"
Averaging . ’ .20 .51 "¢ .37 0 .52
Averaging and adjustment down -.14 -.05 -.07 -.18 |
Averagiﬁg and adjustment up .19 ' .24 ° -.08 .09
Addition . .51 00 ETIE -- -
Multiplication _ -.41 " » -.40 °°° » -.35 °°° .35 °
Lower probability -.16. -.29° " -.02 ) -.17
Higher probability .05 o 22 .14
P(B/A) ' .35 ¢ .29 °¢ ’
Averaging P(B) and P(A/B) .33 - I

Note. Qprrelélions were calculated only for strategies that were used for at least
5% of problens.
.05

.01 _ ‘ @ ,
.005 '

o rofo
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incidence of the fallacy for both repreSentativehess shbJects, r(99) =

. -.22, p ¢ .05, and probability-combinatidn‘éubJects ‘r(109) = - 30 E (

.01. Hodevef, neither subjects’ level of training in probabxlxty
theory and statistics nor their self-reported knowledge of probability
'theory was significantly related to the incidence of the fallacy, ps >
10. '

s "~ Discussion

&‘ “.. The results of this experiment provide good evidence that the g

conjunction fallacy in representativeness problems stems from incorrect
coﬁbination rules, an5>that it is related to representativeness only
insofar as representéiiveness affects ‘the subjective probabilities of a
conJuhction’s component eventé. Subjects- given representativeness
problems and those given probabilityléombination problems (a) committed
the conjunction fallacy equally frequently, (b) committed the fallacy
when working with similar combinations of component-event
probabilities, and (c) reported using similar strategies in judging the
_conJunctive probability. '
A minority of representativeness subjects reported that they had
Judged the conjunctive probabilities directly, rather than basea.on the
probabilities of the comﬁonent events. Importantly, these éubJects
were less likely to commit the fallacy for HH and HL conjunctions than
subjects who repgrted'basihg their judgments on the comgonent-evént
probabilities; and equally likely to commit the fallacy'for HL
cohJunctions. This finding further supports the contention that éhe
fallacy stems from incorrect combination rules, rather than from direct
Judgments of conjunctions accordlng to representativeness.
°R$@F’only substantive difference between representatlveness and
probablllty -combination subjects occurred for conJunctlons of
high-probability events (HH). The incidence of the fallacy for HH
conjunctions did not significantly differ for the two groups, but the ‘
mean magnitude of the fallacy ;as significadtly higher for
representativeness subjects‘ This difference is probably attributable
%o the less-than-perfect matching of the component-event probabilities

of HH conjunctions for the two groups. The subjective probabilities of

w
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Eprobabf&atﬁes thatfpnoba fﬂﬁ;y -combination subJects were given, so that
any celllng gffect woﬁld§h‘ more pronounced for the latter group.
Furthermore, the. d1fference bexween the two component probabilities was
substantially greater for representatlveness subjects (mean difference
= 12.7) than for probability-combination subJect%w(dlfference = 5.0).
Recall that the most common strategies subjects éﬁﬁbrted (and the
strategies most stronglygﬁelafeﬂ to the fallacy) involved averaging the
the component- event progapxgﬁgQg§ An averaglng strategy would result
in an 1ncreas1ng-hagh1tude of the fallacy as the difference between the
component probabllltles increases.’
K Differences in the component-event probabilities may also account
for the disparity between the results of this experiment and those of
Experiment 2 (as well as those of Wells, 1986) for HH conJunctlons
Recall that 1n Experiment 2, HH conjunctions yielded a lower incidence
of the fallacy than did HL eonJunctlons. In Experiment 2, the
subJective probabilitiesvéf'the two high-probability outfomes were
identical for 67% of subjects. . An averaging strategy would not result
in conjinction fallacies for these subjects. It is noteworthy that in
Wells’ study, the mean subJectlve probabilities of the component events
for HH conJunctlons were very similar for both problems subjects were )
presented (.84 and .59, .74 and’.81). vy

| The fallacy occurred much less frequently for LL conjunctions than
for either HH or HL conjunctions. In part, this result might be an
artifact of differences between the component prnbabilities for the
three ‘kinds of conjunctions. For representatlveness subJectSM the mean ::
difference between these probabilities was lower for LL conjunctions
than for HH or HL conjunctions;. for probabxllty -combination subJects,
the difference for LL conjunctions was smaller than for HL conjunctions
and equal to HH conJunctions. An averaging-and-adjustment-down
strategy (which many subJects in all conditions reported using) would
be more likely to bring the ennjunctivv probability below the lower

component probability when the component probabilities are very

similar. Thus, even if subjects in all conditions used the same

Judgmental strategies, the incidence of the falleey‘would be expected -
- \ :

iveness subJects were somewhat lower than the
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.to be Iqwest fo}_Ly conjunctions. However, it was also the case that
subJecgf were somewhat mdre like{y to report  an
averaging-and-adjustment-down strategy for LL conjunctions than for HH
. or HL conjunctions. The greater uge of this strategy for LL
conjunctions may at' least partly_explain why they yielded such a low
incidence of the fallacy. I A //>

Although jthe correspondence begtween the resulés for

representativeness- and probability-combination-subJects was very
clgse, the two kinds of proplems differed in several ways: (a)
representativeness subjects estimated the component-event probabilities
themselves and probébility-combinac}on subJecté were simply giJEn these o
probabilifies. (b) élthough the component-event probabilities'that the
two groups worked with were s1mllar, they were no' entlcal ~and (c)
there was substantial varlablllty in tnp probabllltles of each
component event for representativeness subJetts, but not for
probablllty comblnatlon subJects Perhaps representativeness subjects
would have been more likely than prQbablllty-comblnatlon subjects to
commit the fallacy had the problems not Miffered in these ways <
(although it is somewhat awkward to accbunt for the correspondence of
the re;ults by invoking differences betweén conditions). Experiment 4
was conducted to-address this<® wcern and to further explore the

incorrect-combinétion-rule”interpretation of the fallacy.
- . ,
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Experiment 4 (
Further Examinatiaon of Incorrect Comb%hation Rules

in Conjunction Problems

S

o~

The‘pattern of results in Experiment~3~suggests that the A
individual components of the conJonction are probably judged according
to representativeness (how "stereotypic the epent is of the
‘descrlptlon) b, t that the conjunction itself] is ludged by combining
the probabxllé of its components Thp' for exam.ple people may use
thelr stereotype p ol &

rob3b111ty that Llnda is a

of . the conJunctlon (i.e., a femlnlst bank tellerfawhereas my

1nterpretat10n 'is that no such stereotype ex1sts. Nevertheless it
might be that people could §bn§truct a stereotype of a. femlnlst bank
teller or an athletlc accountant or a polltlcally conservatlve Jazz
player or even a blue-halred, three-eyed Gronk. This interpretation is
not unequivocally ruled out because prgyious researchvhas conditioned
both component events on the same target description.

Considér however a comjunction of two events that are conditioned
onﬁoifferent'target'descriptions For example, suppose subJects read a
descrlptlon of Linda and a descrlptlon of Bill and then judge the
probability that Linda is a bank teller and Bill is an accountant. In
such a problem, sybjects can directly judge the probabilities of the
component events according to representativeness (i.e., by assessing
Linda’s similarity to bank tellers and Bill’s similarity to
accountants). However, it would make no sense for subjects to como}ne’
the two similarities to arrive at an overall similarity, or to ‘
construct a stereotype pf the conjunction, because each component event
is related to only one target descr1pt10n. For example, it makes no
sense to talk of how similar Linda and Bill are’-to bank tellers and )
accountants. Rather, Linda’s similarity. to the stereotype”of“bank
tellers is assessed, and Bill’s similarity to the stereotype of
accountants is assessed./ﬂ;hus, although representatiyeness can be used

52
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to judge the éomponent probabilities, it cannot be used to directly
Judge the'conJunctive probability. Indeed, the only reasonable

strategy for judging the conjunction is to combine the component

G,

probabllltles.

X, . \

If tonjunction falla01es okcur because people Judge conJunctlve ‘

probab111t1es based on assessmBnts of overall similarity, then
conJonctlons such as the abov , nhlchﬁare cpnd1t1oned on different
descriptions, shouldvreduce he incidencevof the conJunction fallacy.

[f, on the other hand, conjdnction fallacies occur because people

separnately Judge the probablllty of each component event and then use g%y

incorrect rules to comb\ne these probabllltles these conJunctlons
« should yield the same incidence of the fallacy as ‘conjunctions
Ec%ondltloned on one target descrlptlow N

Yates and Carlson (1986) report the results of a manipulation very -

similab to that Just described. Thei found that.conjunctions of events
_that were generated by unrelated processes (e.gjl Congress will avoid
raising taxes in this electjon year & Bo Derek will be nominated for an
Academy Award for her performance in her latest film) were only
marginally less ?ikely to result-in conjunction [fallacies than
conJunctlons of . eq?nts generated by related processes (e. g., President
Reagan will prov1dé‘for 1ncreased military spending & Reagan w{II
provide support for unwed mothers), and that this difference did not -
attain significénce.. Because subjects could not judge conjunctions of
events generated by different processes directly, but only based on the
. component-event probabilitie this- finding supports the argument that
the conjunction fallacy stem§ from 1ncorrect combination-rules.
However, Yates and éarlson used entirely different problems for the two
kinds of conjunctions, which may have varied in ways other than whether
the component events involved related or unrelated processes.
‘ In this experiment, some sub)ects were given standard"37

representatlveness problems which required them to judge corjunctions

of two events that were conditioned on the same target description. A

second group of subjects were given mixed representativeness problems

which requ1red them to judge conjunctions of two events that were

condltloned on different target descriptions. Each standard and mlxed

’



‘Judge two conjunctions of events

. 54
problem contained two target descrigtiohs and réquired subjects to

he target descriptions and , _
component events were 1dent1cal for the two kinds of problens, the_dnly

difference was in which events were paired in the conJunctlons Other
\

subjects weqﬂkglven probability-combination problems in whlch they
could judge the probablllty of con3unct106§>based only on the

probabllltles of the component events. Each probab111ty comblnatlon

.subject was yoked to one standard- or mixed- representatlveness subJect

so that the component-event probabllltles he or she was given were

obtained from the yoked partner’s estimates df these probabllltles in a

’representatmveness problem. Thus, representativeness subjects and

probability-combination subjects worked with exacfly the same

L)
component-event probabilities [f the conjunction fallacy occurs
because people directly Juo-e conjunctions accordlng to

representativeness, then s

;ard representativeness problems should
yield a higher 1nc1dence of the fallaé; than either mlxed
representativeness or probab;l1ty-comblnatlon—problgms; -If, on the
other hand, r.presentativeness is related to the failacy only insofar
as it affects the probabilities of component. events, then -all three

kinds of problems should yield a similar incidence of'the fallacy..

> Method —-..

Subjects and Design

The sample was composed of 80 male and female 1ntroductory
psychology students (20 per condition) who partic1pated in partial
fulfillment of 3 course requirement. The de51gﬁﬂwas a 2 X 2 (Standard-

vs.” Mixed- ConJunctlons X Representatlveness- vs.

Probability-combination) between- -subjects factorial design. Subjects

were randomly assigned to conditions with the constraint that data from
one representativeness subject had to be available -for each

probability-combination subject.

Stimuli

Representativeness problems. Two problems (each requiring

subjects to judge two conjunctions) were adapted from those used in
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Experimgnts 1 and 3. These problemé are in Appﬁndix E. Each problem

congaioed descriptions of two target persons. .Fpllowing these were

four events (a representagive-and an unrepresefitative event conditioned

on -each description),and two conjunctions of "these evenfs. For

~standard répresentativene§§ Qroblemé,(each'conJunctionvwas composed of

the two'events conditioned"dn_the same description (é:g;, Linda is a
~ bank teller and Linda is active in the feminist moﬁement).t Mixed

representativeness problems contained the same target descriptions and

componentlevents as ‘standard problgmf. However, each cthunciion was
) ) . i . L. '

composed of one event conditioned on the first description and one

- event conditioned on the second description (e.g., Linda is a bank

teller & Bill is an accountant).

Probability-combination problems. Four of these problems were

constructed ‘' (see Abbendix F). As in Experiment.3,,each‘problem B

identified an imaginary planet and the creatureérpopulating the planetf
’ t

The problem provided the probability that ascreature would have feature
A and‘ihat it would have feature B; subjects judged the probability
that a creature would have both A and B. Each probability-cbmbination
subject judged all four problems; the codponent—event probabilities
came from his orAQpr yoked partner’s estimates of ;hese pfobabilities
for the representativeness problems. Thus, yoked pairs worked with

-

identical component-event probabilities.

Procedure

Subjects participated in small groups. Introductory instructions

were as in previous experiments. Repr%ﬁeﬁtativeness subjects received
a.bobk}gt containing two problems (gétﬁ requiring'tpem to judge two
C%ﬂ&gﬁéi}ons) with correspondjﬁg"gtrategy questionnaires. |
‘P%%baéﬁlity-%?mbination subjects received a booklet containing four

- problems and étrategyféﬁgstionnafres. The strategy_questionnairés were
as in Expefimen;ﬁﬁfﬁgiéépt strategies that had beenzused by less than
5% of sub;ggtgﬁaére omitted. Once subjects Judged all the probiems,
they Eqmblgled a background questionnaire as in Experiment 3.

-

£ | | *
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~ Results

Table 10 dlsplays mean subjective probabllltles of conJunct1ons
and their component events for standard- and mixed- representatlveness
subjects and their yoked probab111ty combination partners. Table 11
displays the mean magnltude and 1nc1dence of the conjunction fallacy
for each of these- groups. Representativeness subjects given standard
problems and those given mixed problems did not. significantly differ in
either the incidence or magnitude of the fallacy, incidence F(1, 38) «

- 1; magnitudé §(1£}38) = 2.49, p > .10. Because the data of . |
representativeness and prﬁbability-cbmbination;gnbjects are nd£

- independent (i.e., yoked pairs worked with the same component event

probabilities), differen®es between these groups were assessed using
paired d1fferenée tests. Mean differences were calculated between
yoked pairs in both the incidence and the magnltude of the fallacy, and
the analyses were performed on these dlfference saores There were no

- significant differences between representativeness subJects .and their
yoked probability-combination partners in either the 1nc1dence or
magnitude of the fallacy, paired difference ts(39) ¢ 1. TheqStandard
vs. Mixed Problem X Representativeness Vs, Probablllty comblnatlon e'
interaction was assessed by compar}ng the mean differences between ’

yoked pairs for the twa groups. These dffferences did not

51gn1f1cantly vary for standard and mixed problems, incidence E(i, 38)
¥ agn{;ude F(1, 38) = 1.38, p » .20. '
fetegy reports. For .each problem, between 65% and 95% of

'representatlveness subjects reported judging the conjunctive
probability based on the component-event probabllxtles (overall mean =

Pﬁﬁ, 82.5%). Only 2 subjects reported Judglng the conjunctive probablllty
dlreqtly (wlthout using the component probabilities) for more than half
the problems,.and only one reported this for all four problenms.

,‘ 'ﬂgnresentatlveness subJects given 'standard problems judged the

f conJunctlon dlrectly for a higher proportlon of problems (mean = .28)

4 | than those ngen m1xed ‘problems (mean = .08), t(38) = 2.60, p ¢ .05,

As was the case_for HL cgnjunctions in Experiment.3, there was no

significant ne;atlonebetween whether or not subjécts judged ~ _.—
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. L R e s
conjunctions directly and the incidencevof;the conjunction falladg, 'y
. sy o
‘r(38) = .11, p > .40. ' ;

Strategy reports were coded as in Experﬁhent 3, by a551gn1ng eadh
subject a number from .00 to 1.00 for each strategy,.dependlng-on tﬁ#,?.
proportlon of problems for which the strateg”zgas used. Problems forw
which subjects reported Judglng the conJunctlom:dlrectly were not, .
included in the calculatlonA Data from one suﬁj@ﬁ£§§go reported L

s
Judging the conjunction dlrectly for all four prob}l

included in the analyses of strategy reports 2 .
Table 12 displays mean strategyéfeports for representatluéness
subjects and their yoked\prybablllty-comblnatlon partners.’ As can be »
seen in‘this table, subJects in all cooditions reporied using similar B |
strategies. Representa;ivéhees subJeeté given standard oroblems and
those given. mixed probieﬁe did not s{énificantly differ in their use of
any stfateéy, £§(37)'( 2.02, Qs,; .05. Comparisons ef
representativeness and probability oombinationiéubJects' strategy .
reports were carried out using paired difference. tests There were no
151gn1f1cant differences between the strategy reports of the two groups
ts (38) ¢ 1.60, ps .10 . g ,§§, ” - ' 1.
Table 13 displays the correlations between strategy reports and .
the incid&hce of the conjunction fallacy for reoresentativeness
subjects and probabllltytcomblnatlon subjects. As in Experlment 3, the
averaglng and the averaging-and- adJustment up strategies were
posxtlver_related to the incidence of 'the ‘fallacy. The
higher-probability Strategy'was positively related to the incidence of
‘the fallacy.for probability-combination subjects, but not for
“representativeness subjects. The multiplication strategy and the
lower - probability sxrategies were negatively related to the incidence
of the fallacy, although the latter relatlon was significant only for
probabllltymcoﬁb1natlon subjects. Correlatxons involving other
strateglas dld hot attain 51gn1f1cance
Responses to the background questxonnalre showed that a hlgher
percentage of these subjects. knew the correct combination-rule for
‘Judging oonJunctive probabilifies (56%) than'in previOus studies. As
well, subjects had more training in probability theory and statistics

14



60

»

*saj3ajeuls g:@&um:ﬁum-ccm.w;uwmgo>m apniout A8aieairs 3urdesane 1oy saundry ‘90N

-2
. I £1° (v/a)d pue (v)d 3uthrdragny
. T 61" ] Ly .<\n~a pue A<.nmmc~mmgo><
> v*. Ly | (v/8)d
St- 61" Lo £1y11qeqoad Jamo
81" oc” N ' uotriesr (diiiny
oz' vo- : Lo . ‘ " uotappy
90" 90" s S ’ dn jusuisnlpe pue
91- Le: 61" - 81" umop uaulsnipe pue .
05" ’ sG° N ger ~ BurBeaany
quod-qo.d salday qwod-qoJdd salday
&
uuw«z . plepuels ' /////

p 1ulwiaadx3l J0j

miuuﬁn:m uoyjeuyquod-A3711qeqold pue sSauanllejuasaaday jo sidodoy A391edyS ueay

Zl a1qey

»



61

- -}
R o . goo* > 4 ...
10- ) d .,
go° » d .

e
-swarqoad Jo' %S

1seag 1e Joj pasn auam eyl mmwmvumhum J0) Ajuo’ paienored 219M SUOT1E([3110) "AI0N

- . N N

3 ‘ : eo:- _@/¥hd pue (8)d Buphidraian

. .,..A.n.\,ﬁm.,fm ::.a, 8G18esany -

C oL gt g S ?EE :

e : s° 5. .m. o ?w.ﬁwnmwou..a‘..pmzm;_
IR s s oo
0" - : 3 ‘Joo. o | um<”.w »u,. mAucmuuwnmm“w

0 . ov” : . S¢° - dn 3uaiéysnfge vﬂm Mc_mmww$<
TN X i 60" “ ) _.czon uquQMTMzm pue mmﬁmmum><ﬁﬁ

... 89 , I 1% Lo .W . Burseasny

hﬂ : . ‘ , , ,_ :x

LW. N " = ) - = 3

uotjeuyquo)-4A114 tqeqoad ssauanieiuasatday - T 5

..

3 . N

. 7 1usuriadx3 Joj Aoe[(ed uoiiounluo) 3yl pue s31Joday Z3aj1ed1S uuomM19g BUOT]E[340)

s, : 4 £l Itqel



62
thané&n previous studles 41.3% had@saken at least one un1ver51ty level-
course covering’ probab111ty or St;EIStICS (com\?red to 29.3% in %ﬁ
Experlment 1 and 21.4% in Experlment 3) Probably for this reason,
background questionnaire responses were more strongly related to the
incidence of the fallacy than in previous experiments. The number of -
correct answers to the probability questions was related to the fallacy
for both-representativeness subﬁects,'£(38) = -.58, p ¢ .ng, and
probabiliiy-combination subjects, 5(38)'= -.36, p ¢ .05. The same was
the case for subjeets' self-ratings of knowledge of probability theory,
representativeness r = -.33, p ¢ -05; probabﬁlity—combination r = -.36,

B‘< .05.

Discussion
o2 uos 100

'"?i§heageéults of this experiment provide conpelling'evidence that
the conjunction fallacy occurs because people base conjunctive
probabilities on 1ncorrect combinations of the component pFObabllltleS
The corréspondence of the results for standard- and, . .
mixed- representatlveness subJects, as well as their yoked
probablllty-comblnation partners, was striking.

Probability-combination subjects worked with exébtly the same

component-eventhprobabilities as their representativgness pértners.' .,
\Despite the fact that the former subjects could not “judge either the »i:a
conjunctive probablllty or the component event probabllltles accordlng}w
to representat1veness the 1nc1dence of the fallacy for the two groups

was almost 1dent1cal (.47 vs. .44) and both groups overest1mated the .

‘abxllty to the same extent (8.20 vs. 8.73).

Most represenlatlveness subjects reported that they had not Judged
conJunctlons dlrectly, but had based their judgments on the
probabilities of the component events. Consistent with the argument
set forth in the introduction, subjects wefe somewhat more likely to
report judging the conJunction directly for standard problems than for
mixed problems. Importantly, howevep, the incidence of the fallacy did
not’signifgcantly differ for the two kinds of problems. If anything,

the incidence and magnitude of the fallacy were slightly greater for
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]
mixed Eﬁgblems than for standard problems. Because subjects given

: ) L - . -
mixed problems: could directly assess the similarity between the target

‘descriptions ‘and the coﬁJunction, this finding provides further

eyidence that representativenéss QOes not contribute to. the conjunction
fallacy independently of&its effect on the component probébilities.

The mixed conjunction problems have an additional feature of
interest from the present standpoint: the compohent events are cleérly-
independent. For example,.the probability that Jane is a mother is
obviousfy unaffected by whether or not Bill is an accountant. Because
mixed and standard problemsg>tg5ded a very similar incidence of the
fallacy, the results suggest tha;‘consideratibn of conditional
dependencies between componeht events had no consistent effect on
probabflity Judgments for éiandard praoblems. 9“

As in Experiment 3, the most common combination strategies
reported by both representativeness and probability-combination
subjects involved averaging the component probabilities, and these
strafegies were strongly implicated in the conjunction fallacy for both
groups. The multiplication'strategy was used somewhat more commonly
than in Experiment 3,. probably because of the higher level of

statistical sophistication of subjects in this study. As in Experiment

3, subjects who relied on this strategy were much less likely to commit

. T v
the fallacy than those who did not.
' N
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General Discussion

This research examined two alternatlves to the representatlvéness
explanation of the conjunction fallacy: It was proposed that the
fallacy occurs (a) because people s natural representatlons of
information and habitual reason1ng strategles lead them to form
1nappropr1ate sample spaces in judging conJunctlons and (b) because
people Judge conJunctlons by ‘combining the probab&lltles of thelr
component events using 1ncorrect rules. U b ﬁ.' T '

b

Inapproprlate sample spaces Two. hypotheses regardlng the:;;

N

contrlbutlon of 1nappropr1ate sample spaces to the fallacy were»

evaluated: (1) People preferentxally form sample spages frqp *

categories, so that problems requ1r1ng Judgments of’ %he fqr% ,ﬂ“;.ﬂﬁ,. T\

P(Category A& Category B/Target Descrxpt1on) lead to,ghe galbacy

because people sample category ‘members to determ1ne ‘wha t proportlon‘r v

i

ok

fit the target descr1pt1on.: (2) People tend ‘to treat conJunctIons of '

dependent events as condltlonals " and such a’ tendency can y1eld ‘the

conjunction fallacy both. for pos1t1ve dependencies - (1 e.. when one

event fac111tates the other) and for negatlvecdeggndenc1es (i.e., when,

one event inhibits the other) o . ' 'M ‘_-f‘af j.la

hﬁﬁ Although Experiment 1 supported the hypothesls that people

'p eferentxally form sample spaces from categorles \@here was no’,

evidence that such a sampllng preference contr1buted to the -

conjunction fallacy The results do indicate, however that 1t may be

-worthwhile to explore the contrlbutlon of’ 1nappropr1ate sample spaces

to other fallacies of probabilistic or logical reasonlng of

particular interest is the f1nd1ng that subJects who relled most

a

heav1ly on - 1nappropr1ate sampllng strategles were least llkely to

- consider the prior. probabilities of the target events in evaluatlng

their posterior probabilities (givenvthe target description). This
finding suggests that inappropriate sample Spaces may be involved in
the base-rate fallacy, which is characterized by neglect of prlor
probabilities in maklng probabilistic predictions. Many base rate
problems used in previous research (e.g. G1nosar & Trope 1980
Kahneman & Tversky, 1973) have an 1nstance category structure

’ ' 64
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subJects read a description of a target instance and judge the
probablllty that the instance belongs to yprious categories dlfferlng
in their base-rate frequency. This problsﬁastructure was must likely
to evoke inappropriate Sanpling strategies, and, accordingly, resulted
in least attention to prio; probabilities. ' O

An interesting finding to emerge from Experiment 1 is that
subJects relied mugﬁ less on the two sampling strategies and on
representativeness in judging phe,probability of conjunctions than in
Judging the probabilities of compdnent events. Thus, subJects must
have used some other strategy to Judge conjunctions. This finding is

- )
consistent with the results. of Expeﬁ?ments 3 and 4, which showed that

.people often judge conjunctions.indirectly, by cdmbining their

component-event probabilities.

Experiment 2 supported the hypothesis that people treat

i

conjunctions of events with'an explicit temporal order as conditionals
when the component events are dependent, but not when they are
independent. As. in previous research, positive dependenc1es were

found to increase the 1n01dence of the conjunction fallacy. Negative

~dependencies increased the incidence of the fallacy for conjunctions

of a low probability event followed by a high probability event but

decreased it for conjunctions of a high probability event followed by

a low probability event. The findings of Experiment 2 suggest that

some conjunction fallacies attributed to reliance on
representetiveneSS stem'iargely_from conditional interpretations of

&,

"“xIncorrect combination-rules. Experiments 3 and 4 provided strong

'4jevjdence that the fallacy occurs prlmarlly because people judge
~conjungtions by combining their compq‘ent event probabilities using

.1ncorrect rules. Representatlveness probably is involved in the

'process by  which people estimate the component-event probabllltles,

’«,but there was no evidence (either in these experlments or in

';Experlment 1) .that direct judgments of conjunctions according to
\1representat1veness contribute to the conjunction fallacy. The results
- of these two experlments can - be summar1zed as follows: (1) SubJects

lwho Judged cOnJunctlonswailowlng assessments of representatlven»ss and

A L)

AT
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subJeets who could Judge conJunctions.only by combining their
component-event probabilities committed the fallacy equally. _
Manipulating the {subjective or obJectlve) probab111t1es of component
events had parallel effects on the incidence of the fallacy for- the i
two groups. (2) The maJorlty of subJects who Judged problems allowlng
assessments of representatlveness reported that they had Mot Judged
conJunct1ons directly, but by c0mb1n1ng the probabilities ofzthelr
component events. Furthermore SUbJeCtS who reported Judglng J‘ »
4@ conJunctlons d;rectly were no more llkely than those who d1d not to
» commit the fallacdy for conJunctlons of. a representatlve (R) and an
unrepresentat1ve (U)<event (Experlments 3 and 4) and were Less likely
to commit the fallacy<for RR: and UU conJunctxons (Experlment 3). (3)
‘Subjects in all conditions reported s1m11ar Judgment strategies and
ftheir strategy reports were predlctably related to the»lnCldence of
the fallacy. T g
Some caution. must be used in 1nterpret1ng the results of the
strategy quest10nna1res Although very few subJects indicated that
they had used other strateg1es it 1s possxble than none of the
strategles included on the quest1onnarfes\ezagtfﬁ\captured those that
subJects used. Nevertheless subJects reports suggest that an
averag1ng or averaging- and adJustment rule ‘comes Closest to’ captur1ng
@any subJects combination strateg1es, and ‘that' the conjunction
; fallacy most commonly results from such a strategy Subjects did,
however, report u51ng a w1de var1ety of strategles some of whlch were
likely to yield the fallacy (e. g ; addlng) and some of which were not
(e.g., lower probablllty, multlpllcat1on)
Is it p0551ble that subJects really did not know what strategies
they used, but 1nferred them- from the relations among their
- probability estlmates (cf lebett & Wilson, 1977; Wllson & Stone,
1985)? For example subJects whose estlmszes of the conJunct1ve
probability fell. between the two component probabllltles may have
1nferred that. they used an averaging rule, and those whose estlmates
fell below both component. probabllltles may have 1nferred that they
used a multlplloatlon rule. If so, then representatlveness subjects

- and probab111ty comblnatlon subjects may have reported u51ng similar
9. .
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~ i ’
;;fgategies simply because they made similar probability estimates,
.ﬁg \

é;% -;

. if they used different strategies. Recent research, howebér, has

., Gavansk1 & Hoffman 1987; Kraut & LBWIS, 1982).

N

M~ ;.'e“'; AR
self—knowiéﬁge in such domains (c Ericsson & Simon, 1980).

At the very least, subjects’ str

egy reports indicate what
strategies they thought were appropriate. To the extent that
evaluation of subjective proba ies is under volitional control
(i.e., that people.-are capable of formulating and executing a
Judgmental algorithm) one mlght expect people to rely on strategies
they believe are appropriate, regardless of whether they, are directly
aware of the execution of the algorithm. L
though probability-combination ané ﬁixed-representativenegs
subJeE::n}ould not judge conjunctions according to representativeness,
it might be argued that the rules théy used to combine probabilities
were derived from tbeutules they habitually use in combining
similarities. There are, however, several reasons to doubt that
probability-combination rules are derived from similarity-combination-
rules (although people may sometimés use the same rules to combine ‘
probabilities and to combine similarities). First, consider that the
most frequent rule subjects reported was averaging. Research from"the
information integratiqn tradition (e.g., Anderson, - 1965, 1974;
Shanteau, 1975; Troutman & Shanteau, 1977) has shown ‘averaging to be a
ubiquitous Strategy of information integration, which is not ‘
restricted to judgments involving assessments of reggesentativeness.
o , | |

Second, the effects of representativeness manipulations on the
incidence of the fallacy do not correspond with what would be expected
if rules for combining probapilities are derived from rules for

4
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combining similarity. If similarity is based on assessments gf common

and distinctive features, then conjunctions of representative events
should be more representative than either component event. The '
subjective probability of a representive conjunction should,
therefore, be higher‘than both of its component probabilities (or at
the very least, edual to the higher component probability). However,
in Experiment 3, this was the case for only 19% of representative
conjunctions yielding the fallacy (17% for the corresponding group of
probability-combination subjects). Furthermore, congunctioﬁs of
representative events resulted in either fewer “allacies than
conjunctions of a representative and an unrepr tative event
(Experiment @D or an equal incidence of the faly (Experiment 3).

j Although a spbstantial proportion of subjects in all experiments
compitted the conjunction fallacy, the incidence of the fallacy in
this research was substantially lower than that found in some previous.

tudies. This was the case both for problems adapted from previous
research and newly constructed problems. Is it possible that some
experimental artifact lowered the incidence of the fallacy in this
research? For example, perhaps Judgihg several problems or filling
out strategy reports made supJects less likeiy to commit the fallacy.
However, there were no order effects forpeither of the two experiments
in which prdblem order was varied: problegg presented first (before
subJects had seen the other problems or strategy questionnaires)
yielded almost exactly the same incidence of the fallacy as problenms
presented fast (afte} subjects had judged other problems and made
strategy reports). - Thus, the low incidence of the fallacy is not
attributable to either of these factors.

Two methoddlqgical differences between this and previous research

may account for the differenée in the incidence of the fallacy.
First, in many previous studies, subjects rank-ordered the
probabilities of the conjunction and the component events whereas in
this research, subjects estimated'thesé probabilities. Morier &
Borgida (1984) have shown that estimating probabilities reduces the
incidénce of the fallacy relative to rank-ordering probabilities. In

fact, a rank-ordering. procedure artificially increases the incidence
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of the fallécy. With a probability estimation procedure, a’high o.
proportion of pepple judge thé conjunctive probability as equal to the
. lower component probabiliiy. Forcing them to ghose one as higher ifﬁ
they have no gréference will result in the conjunction fallacy’for
about half these. subjects. A second methodolog}cal difference'had to
do with thé wording of the conJunctioﬁs. All of the conjunctions in
this research were prefaced with "both" (as iﬁ "both A and B*). The °
,purpose of this change was to prevent subjects from treating the ‘
conjunction as a disjun—tion by making it explicitly clear that both
component events must be true for the con)unctibn to be true. Morier
and Borgida (1984) report that the inéidenge of the fallacy for the
Linda problem was substantially reduced when subjects judged a
disjunction (i.e., "Linda is a bank teller or is active in the’
feminist movement™) as well as a conjunction. Clearly,.including both
a disjunction and a conjunction is similar to modifying the
conjunction to read "both A and B,; in that both procedures reduce the
“likelihood thati subjects will treat the conjunction as a disjunction.
I have also found in previous research (although this was not
manipulated experimentally) that the same problems tend to yield a
lower incidence of the fallacy when the conjunctions read "both A and
B" than when they simply read "A and B".

All the experiments reported here entailed what Tversky and
Kahneman (1983) call direct tests of the conJunctioﬁ fallacy, because
subJeCts Judged bath the‘conJunctioﬂ and 1ts component events. As
Tversky and Kahneman point out, direct tests allow subJects to compare
the probabilities of the conJuncfion and its components, perhaps
making the inclusion relation between them more evident. Although it
is likely that using direct tests resulted in a lower incidence of the
fallacy than'would.haQe been the case with indirect tests, many
studies interpreted as supporting the representativenéss explanation
of the fallacy have also used direct tests. More importantly, the
same factors that may have reduced the incidence of the fallacy for
subjects who judged standard repreéentativeness problems would have
had compardble effects on tho;e who judged mixed representativeness

problems or probability-combination problems. For example, subjects
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in all three groups could compeme cneir estimates of the conjunctive
Probability with the cbmponent:eVent probabilities. Thus, there is no ¢ |
!reason to assume that using direct tests had differenfial effects for
the three groups (of course, indirect tests are not possible for -
probability-combination problems).

Perh;pe Jodging the component-event probabilities before the
conjunctive probability made subjects less likely to judge the
conjunction directly according to representativeness; and' more likely
to base their judgments on the component probabilities, than would k/
otherwise be the case. Even if this were the case, it seems unlikely
that this procedure reduced the incidence of the fallacy, since
subjects who judged the conjunction directly were no more likely to
commit the fallacy than those who based their Juogments on the
component probabiliﬁies (and, in fact, were less likely to commit.the
fallecy for HH and LL conjunctions). Nevertheless, I ooliected some
supplementary data to determine if people Judge conjunctions directly
when they‘dO‘not first judge the component-event probabilities. A
small samoie of subjects (n = 12) judged the standard '
representatlveness problems used in Expeq&ment 4; however, they flrst
Judged the probability of the conjunction and then, on the following
page, the component event probabilities. These subJects reported
basing their judgments on the component probabllxtles for 70. 8% of the
problems, and only one subject reported directly judging all foJ?_
conjunctions. Thus, people commonly Judge conJunctions‘of a
representative and an unrepresentative event based on the \
probabilities of thelr component events, even when they have not
previously estimated these probabllltles

Clearly, u51ng 1ncorrect rules to cgmbine probabilities .will
reéult in less than optimal judgments of compound events. How serlous
are the. consequences of such departures from optlmallty for everyday
Judgments and dec151ons7 Surprisingly, the consequences may be
trivial in many Judgment situations. Suppose, for example, you are
. interviewing -applicants for & job requiring someone who both gets .
along well with others and is extremely mefhodical.'~Yoo*may’decide'

whom to hire based on a rank-ordering of applicants according to your



< 71
subjective probability that they will meet both these criteria.
Assuming indepéndenCe, a normat{Qely appropriate strategy for
~ combining P(gets alongiwgll) and P(extremely methodical) is to
multiply the two probabilitiesﬂ' However, many incorrect rules will
yield a rank-order:ng of conjunctive probabilities highly similar: to
that obtained through a normativély appropriate rule. The outputs
from an averaging (or addition) and a multiplication rule, for
example, are Commonly highly'cérrelated (Rorer, 1971;“Wyer, 1976) .
Indeed, in Experiment 3, the correlation between the megn and the
product of P(A) and P(B) was .86 for Problem 1 and .92 for Problem 2.
Thus, %s-long as incorrect combination-rules are applied consistently,
}hey may-have few detrimental effects for the great many decisfons
that are based on a rank-ordering of conjunctive probabilities.

. If, however, a decision depends on the gglgg of a conJuéctive

probability rather than on a rank ordering of cqp]uncti%g"

probabilities, the consequences of incorrect combination-rules may be "

serious. Suppose, for example, you are deciding whether or not to ‘f“

purchase Stock A Stock A will pay a dividend only if both a low

prdbabil'; pand a high probability event (H) occur.’ Using

an incorre *‘as averaging to combine P(L) and P(H) may lead
. to a decis] aée the stock, which could be a very expensive

decision.

-

Incorrect combination rules may have the most seribus
consequences for decisions that require comparing the probability of a
conjunction with the probabilit&es of simple events (e.g., the
cohJunction’s components). However, it is difficult to imagine many
ecologically meaningful judgment situations invpfyjng such a’
comparison (although it is no doubt possible fogéonstruct situations
of this kind).

This research provides further evidence that the rules governing
subjective judgments of probability deviate sharpiy:frdm those !
governing mathematical probability theory:ﬁstatisgical intuitions
commonly violate the Kolmogorov axioms. It seems.implausible, then,
‘that these intuitions would correspond to the more complex‘probabilityv

theorems derived from these axioms. For example, one should not

-

.
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'expeci statistically naive people to be capable of re&ising

" : . o ' : 72

‘

probabjlistic judgments 1n accordance w1th the dictates of Bayes’
g

.

theoremh ' .
Does this medn that people’s intuitions about uncertéinty are
fundaﬁentally‘flawed? This inference is not wSrranted. In the first
place, there isfliﬁtlg evidence tﬁat~people naturally quantify
uncertainty as subjective probébility, or ﬁhat'they typically base
importaht Judgmenfs and decisions on subjective probabilities. For
example, people might naturaliy quéhtify uncertainty aé subjective
relétive\frequency. Such Judgménts have been shown to obey different
rules. than subjective probabilities and to corre§pond more closely-
withvthe dic{ates'of p;obability~theory (Tversky & Kahneman,.ngS).
Fﬁrthefmore, it is unclear that people even translate their = ('T\j
Eépres%aﬁaﬁions'of unc;rta;nty into numefical form ih everyday -
Judgment situations. Fallacxes of probablllstlc inference may arise
durlngfthe translation process'*br when, people attempt to 1ntegrate'
numerlcally represented information about uncertainty. People may
generally make decisions and cho;ces based on non-numerical
representatlons that un11ke subjective probabllltlés are in
acébrdance with the laws.of probablllty theory. Until we know more . .

anut how people naturally represent uncertalnty we cannot specify how

~poor or good they are at quantifying and responding appropriately to - @

uncertainty in their natural environment.

L B : s ‘
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! ' - Footnotes

4
’

All t tests were calculated gsing‘the mean square error and

degrees of freedom for the entire 6-group design. o

2 All correlations between strategy ratings and subJective

probabilities were calculated using only rat1ng§ that applled to the
particular probablllty Judgment in questlon i.e., P(R), P(U), or P(R
& U). ‘

-

Separate analyses were carried out for each problem to avoid
confounding of within- and between-subjects error. There were also no
,significant~ocder effects for Problems 2 or 3, each of which ékrved in

either the second or the third positig.

PR N -
<

Describing these outcomes as representative or

unrepresentative is consistent with Tversky and Kahneman’s (1983) L
. , £
treatment of outpomes in the‘BJorn Borg problem. It should however,

be pointed out that these outcomes _may be representat1ve or
unrepreseptative precisely by V1rtue of their probab111t1es. Thus, it

is questionable if representativeness can serve as an explanatory

“construct in. this context.’

? Thengﬁﬁaﬁén;,events were Jothed with the connectlve and'

rather than 'bdt' which Tversky and Kahneman used for the BJorn Borg.
problem. Yates and Carlson (1986) found tﬂﬁs change to have:no effect -

" on the incidence of the conJunctlon fallacy . ;?

\ ..
Y
o

\

¢ All t tests dere calculated using the mean square error and

degrees of freedom for the ent1re 6 group‘de51gn.. .

- : h\\Q\ \
S S o : , ' L.
’ Because;a directional pattern of means was predicted for'the
dependent- vs! independent:qucqche conditlohs,iene{talleq significance
cestsf?erefgsed,for‘these‘cbhtfas;sl ) 4"? : :h‘ :( .? e e
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Y - Appendix A

Conjunction Problems for Experiment 1

3

Instance-Category Problems

\

1. Linda is in her early 30's, single, outspoken gnd very bright. She
majored  in philosophy. As a student, she was deeply concerned with
issues of discrimination and social justice, and also participated
in éntj-nuclear demonstrations. What is the probability of each of
the following? : . s
A. Linda is a bank teller.

B. Linda is active in.the feminist movement. :

C. Linda is both a‘pank teller and active in the feminist movement.
L

2. Jason is in his late 20’s, single-and lives alone. He has travelled -
' extensively and always enjoys seeing new things. He likes to go to
clubs to hear new bands, he writes poetry ang plays the guitar. What

is -the probability of. each of the following? 7

A. Jason is an artist. . ° .
8.. Jason is a comput rogrammer. : :
C. Jason is both an :::?3% and a computer programmer.

3. Jané is in her late 20’s and divorced. She is assertive and
outspoken. She is university-educated, well-dressed and works for a

~ largessuccessful corporation. Her career requires that she travel
frequently. What is the probability of each of the following? '

.\\_—

A.. Jane is an, executive. - ’
8. Jane is a mother. : . .
C. Jane is both an executive and a.mother. ] A

4. Trécy is in her early twenties. She is not married and has a o
pre-school child. She works.and she 1ives in a small -apartment and -
spends most of her free tiwe watching T.V. or playing with her son.
What-is the probability of -each of the following? :

. *K . . &

A. Tracy is a waitress. ' v
B. Tracy is a university gradba{y
Q. Tracy Iis bath a wqi?ress and

e L
ST .
d-university graduate.

s e ‘Aa-u‘ ' |
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'lhstance-lnstance_Phdblémsiﬁ5" ‘ ‘

1. . Linda is.in heh“eafly 30's, single; outspoken and very bright. She
‘majored ;nzphilﬁsopﬁytq As”a student, she was, deeply concerned with
issues of diSCFimiQétiﬁn,and social justice, andLQISijarticipated

o ‘ihﬁanti-nucle_ - demonstrations. ‘What is the probability of each of

SR the followi g2, - o ST N ‘

I3

. A." Linda rbads harlequip romances in her. spare time.

. B.. Linda, has ‘participated in a pro-abortian”deménstratioh; .

- C..Linda.bothfreads harlequin romances in her spare time and has .
‘participated in a pro-abortion demonstration.« - - .

5+ .Jason is‘in his late 20’s, single and lives alone. He has travelled
' _extensively and always en)oys seeing New things. He likes LQ go Lo -
“‘clubs to hear new bands, he writes poetry and plays the guitaf‘ What-
*. is the probability of each of the ‘following? ' - ‘
" 4. »Jason has unusual taste in clothing.
)B;‘Jason wants to marry 3 traditional woman. -
. C. -Jason both has unusual taste In clothing and wants to marry a
R ﬁ:‘¢tradition31 woman. ' - :
S _

~i3 -+ -Jane is in her late 20's and divorced. %Huirig assertive and
T . outspoken. She 1is university-educated. well=tdressed and works for a
.- large successful corporation. Her career requires that she travel
frgquently. what is the probability of each of the following?

. A. Jane puts her career ahead of her personal life.
8. Jane does need], “bjggﬁfpr a hobby. .
C. Jane bath putsd’"r‘ areer ahead of her personal life and does ..
" needlepoint for a hobby. ' R ‘

[

4. « Tracy is in ‘her early twenties. She is not married and has a
pre-school child. She. works and she liues in a small apdrtment and
spends most of her free time watching T.V. or playing with her -son.
.What is the probability of each of the following? '

4. Tracy would like to get married.

B. Tracy en)oys goihg to the syaphony. L i .

C. Tracx both wou.d like to get married and enjbﬁs going’to the
syamphony . o A i o '

L
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1] 23

Lo . _
1. Linda is'a feminist. What is the probability of each of the
following?

I s ¢ >
Linda reads harlequin romances in her spare tinme.
Linda has participated in a pro- abortion demonstration.

'Linda both reads harlequin romances in her spare tzme and has
part:czpated Iin a pro-abortion demonstration. <

n

Marie ig. a Roman Cathollc nun. What is the probability of each of

the followang’

=
Marie enjoys spendin
MNarie spends much
Marie both enjoys spe
spends much of her

‘time alone with her thoughts.
her free time watching T.V..

ding time alone with her thoughts and
I§ time watching T.V.

.%

;

Margaret is a middle-aged housewife. ' What is the probability of

“each of the following?

A.

8.

irk is a middle-aged playboy WH
the follow1ng7

~

»
ras

Margaret regularly watches soap .
-Margaret likes rock music. :
Margaret both regu]arly watche

@ operas and likes rock music.
.

he probability of each of

KNirk is very concerned about becomzng less attractive as he gets
older.

Kirk, dorates a lot of his money to charity.

N

C. NA"Jrk ‘both is very concerned about bécoming less attractive as he

ge S a]der and donates a lot of his money ‘to char1gy

0’:“‘/"
K’% '

1
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Sample Strategy Questionnaire for Experiment 1

Following are several strategies you may have used in judging the i
probability that Linda is a bank teller. For each strategy, plea§g use
the rating scale on the answer sheet to indicate how much you reljed on
it. If you did not rely on the strategy at all, then circle the -0 on the
_rating scale. If you did rely on a particular strategy, then use the
rating scale to indicate how heavily you relied on it (1 = used this

strategy a little; 7 = used this strategy very heavily).

N B 4
1.1 ! estimated what prgpo:‘t’jon of people who filt Lindg’'s descr‘ﬁﬂn
would be bank tellers.’s = : T
. SOk S ) " .
1.2 | estimated what pkbppftipnﬂgﬂ bank tellers would fit Linda’'s
v,

description. N W e

T -

1.3 ! estimated what proportion of females would bé bank tellers. "
1.4 / 8§5€$$%F the similarity between lLinda’s deébription and my

" stereotype of bank tellers. -

. . <

-

1.5 If‘ydu did not rely on any of the above strategies, or also relied
on some other strategy, then please indicate in the blank space on
the answer sheet what other strategy vr strategies you used.

K .

Please use the ratipg scales on the answer: sheet to indigate how much you

relied on each of the following strategies in judging the probability

that Linda is active in the feminist movement.

1.6 I estimated what proportion of .people who fit‘Linda’s descriptibn
would be feminists. , e
1.7 . I estimated what praoportion of feminists would fit Linda's
~description N N N
} <
1.8 I estimated what proportion of females would be feminists.

1.9 I assessed the similarity between Linda's description and my
stereotype ol feminists. . '

1.10 If you did-not rely on any of the above, or also relied on sone
| _other strategy, 'théh please indicate in the blank space on the
answer sheet what other strategy or strategies you used.

Please ‘use the ratlng.scaleb on the ‘answer sheet ta. indicate how much you .
relied on each of the {dilowing strategies in judging the probability

B v X . R . :
that Linda is both a'Bank teller and active in the feminist movement.

t.11 ] estiaated what praoportion of people who fit Linda's description

would be bank teliers and feminists. - R . . gi
B - Ll - . , . 2’:.
1.12 ] estimated what proportiof of bank tellers and feainists would it =5

Linda’'s description. . ) ik

73X 1 estiasted what proportion of fesales would be bank tellers and
fesinists., -~ ’ e . : a = o
-'.' - ‘- ..t L] ' ’ N .

L8t assessed thes siaiacity betugen Linda's description and 2y
stereptypes ol Donk tellers and fesinists. :

1S I you d:d net reiy oo any of ihe above, or aiso relied pa soee
: aihen sirategy., hes plpase indicate n tae Biank space oa the
d0Swes FRest Wl olser strolegy or strategics you used..’
- . e
98 : . .

g
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Appendix C D dﬁ%

Background Questionnaire for Experiment i%
. L}

»
i
i

.%‘1 )
, -

Y

-

INSTRUCTIONS: The following questions are to inform us how much training and background.}ﬁﬁﬁﬁ
you have. in probability theory or statistics. Please do not ‘guess if you don't have a

good idea what the correct answer is. Instead, select the last alternative, which

indicates you don’'t Know the answer. o

‘.- Consider two events, A and B. The.two events are independent (in other words, the
probability of one occurring isn't affected by whether or nat the other one has
occurred). What is the appropriate rule to find -the probability that both A and B .
will occur? .

a. take the lower of\the two events' probabilities
b. take the higher of the two events’ probabilities
C. multiply the probability of A by the probability of 8
d. average the probabilities of A and 8
e. add the probabilities of A and 8
f. there is insufficient inforaation to deteraine the appropriate rule
g- [ don’t know what rule should be used
2 If two events, A and B, are mutually exclusive, then
a. they are independent *

b. if one has ‘occurred, the other can’t occur
c. If one has occurred, the other aust occur
d. they aust be equally probable

e. [ don’t know .

3. If two events, A and B, are mutually exclusive, what rule should be used to find the
probability that either A or B will occur? ‘ :

4. take the lower of the two event's probabilities £
b. take the higher of the two events’ probabilities

C. aultiply the probability of A by the probability of 8

d. average the probabilities of A and 8

€. add the provabilities of A and 8

f. there is insufficient information to deteraine the appropriate rule
g I don’t know what rule shauld be used '

q. How much acadeaic background do you have in probability theory and statistics?
3. none or extreasely little '
b. I 'studied probability or statistics.in high school
c. I have had only one universi ty or college course covering probability and/or
statistics )
d: 1 have had aore than one university or college course covering probability and/or
statistics. :

-

S. How would you evaluate your overall understanding of probability theory and the rules
of probability? Please use the rating scale on the answer sheet.

82 | :



Appendix D

Sample Strategy Questionnaire for Experiment 3

1.01 In udging the probability that Bill is both an accountant and is politically '
conservative, which of the following did you do?

A. I separately estimated the probability that Bill is an accountant and the
probability that Bill is politically conservative and then based ny estimate
that he is both on these two probabiPities.

8. | directly estimated the probability that Bill is both an accountant and
politically conservative without using the individual probabilities.
If you-used A above, how did you use the two probabilities to arrive at your estimate?
Please indicate on the answer sheet whether or not you used each of the following
strategies. Please read over all the strategies before indicating which you used. Do not
feel obliged to say that you used any of these strategies if you didn't. Many strategies
you ray have used are not listed here.

1.1 I roughly averaged the. probability that Bill is an accountant and the probability
that Bill is politically conservative to get my estimate.

1.2 1 roughly averaged the two probabilities and then adjusted ny estimate upward or
downward (please indicate which on the answer sheet).

b1.3 I roughly added the two probabilities to get my estimate. _5§

-1.4 I roughly multiplied the two probabilities to get my estimate.
& [y

lep [ roughly multiplied the two probabxlltxes and then adjusted my estxnate upward or
,downward (please indicate which obgthe answer sheet).

1.6 1 Look the louer of the two probabilities as’ my estxmate

.7 1 took the hlgher of thg téﬁnprobabxlxtles as ay estimate.

.8 1 judged the probabxllty that Bill will be an accduntant if he is polgtxcalli
conservative -and used that'as my estimate.

a5 ‘.
E: .

1.9. T judged the probability that Bill will be polxtxcally conservative )f he is an-
accountant and used that as my estimate.

1.10 I roughly averaged the probabxllty that Bill is ;an accountant withsthe probab)l)ty
that B8ill will be politically conservative if he is an accountant.

----------------------------- 7------------------------b---&----------------------.-.-------

1.11 I roughly multiplied the probability that Bill is .an accountant with the probability
that Bill will be politically conservatxve if he is an accountant.

1.12 I roughly averaged the probability that Bill is politically conservative with the
probability that Bill will be an accountant .if he is politically conservative.

1.13 | roughly nuitiplied the probability that Bill is politically conservative with the
probabxlxty ‘that Bill will be an accountant if he.is. politically conservative.

1.14 Xf you did not rely on any of the above, or also relxed on some-other strategy (or
strategies), then please 1indicate in the blank space .on the answer sheet what other
strategy you used.

r
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Appendix E

A Representativeness Problems for Experiment @}
s, _ -

PN 8

b

Problem

{

.

Following are Qescfiptions of two people, Jane ‘and Bill.

Jane is in her late 20’'s and divorced. She is assertiye‘and outspoken.
She is university educated, well dressed and works for a large successful
corporation. Her career requires that she travel frequently. ’

Bill is intelligent, but unimaginative, compulsive, and generally
lifeless.  1In school, he was strong in mathematics but weak in social
“studiggfaﬂd humanities.

N

What is the probability of each of the following?

A Jane is .an executive.
- B. Jane is a mother.
v C. Bill is an accountant. .
0. *Bill plays jazz for a hobby.

Conjunctions for Standard Problenm: \ ‘ . A
G . ’ ’ '
E. Jane is both an executive and a mother.
F. Bill both is an accountant and plays jazz for a hobby.

Conjunctions for Mixed Problem:

E. Both Jane is an executive and Bill plays jazz for a hobqy.
F. Both Jane is a mother and Bill is an accountant. '

NN | N
) . |
( - - |

e
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Problem 2

wo people, Linda and Jason.

Linda is in her ed#/ ngle, outspoken and very bright. She

‘ g@ s a student, she was deeply cqncerned with
issues of discriminatién and social justice, and also participated in
anti-nuclear demonstrations.

dason is in his late 20’s, single and lives alone. He has travelled
extensively and-dlways enjoys seeing new things. He likes'to go to clubs
to hear new bands, he wr1tes poetry and plays the guitar.

What is the probability of each of the following?

Linda is a bank teller. o o
Linda is actfve in the feminist movement.

Jason is a cOMputer programmer. .
Jason is an artist. ’ . ’

SESEN

Conjuﬁ?tions for Standard Problem: "

E. Linda is both a bank te11er anyd actzve in the femznzst movement
F. Jason 15 both a computer programmer and an artJSt

L]
Conjunctions for Mixed Problem:

E. Both Linda is a bank teller and Jason is an artist.

F. ‘Both Linda is active In the feminist movement and Jason. is a
computer programmer.
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Prqbebili;y-cqmbinationgproﬁlems for Experimeﬁt 4

. N ) \
Imagine that you are exploring the planet Kropiton. Kropiton is
inhabited by Gronks. The probability that a Gronk will have blue

‘hair is _ %. The‘probablllty that a Gronk will have three eyes
~is _%. What is the probability that tbe/flrst Grbnk you meet will

have both ‘blue hair and three eye§°

Imagine that you ‘are exploring the pleneb Zilcon. Zilcon is
inhabited by Skeexes. The probability that a Skeex will eat gtass _

. is %, Thergrobab111ty that a Skeex will drool a lot is %.

What is the probability that the first Skeex you meet will both" gat
grass and drool a lot° , .

-
N
N

N\

™
*

Imaglne that you are explorlng the planet Fronkus. FPonkus is
inhabited by Yumps. The probablllty that a Yump will ‘eat humans
is - /%. The probability that a Yump walks backward is ‘%.' What is
the probablllty that the first Yump you’ﬁeet will both eat humans

_and walk backward’

Lzl
N

Imaglne that you are explorlng the planet Meenus. Meenus is
inhabited by Igys. The probab111ty that an Igy will have fuzzy ears

ﬁvls,v %. The probability that an Igy will be bad- tempered is _ %.
‘What is the probablllty that the first Igy you meet will both have

fuzzy ears and be bad-tempered?
- . " ‘ Ly

oo



