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Abstrac t 

T wo experiment s investigat e th e conjunctio n fallac y 
(judgin g tha t  conjunctiv e probabilitie s ar e highe r  tha n th e 
probabilitie s o f  th e constituents) .  Th e conjunctio n fallac y 
was muc h les s fo r  P(EIC )  task s tha n fo r  P(CIE )  tasks .  Th e 
result s ar e explaine d i n term s o f  th e wa y peopl e interpre t 
th e conditiona l  probabilities .  W e argu e tha t  peopl e prefe r 
t o reaso n fro m caus e t o effec t  (cause-to-effec t  reasonin g 
heuristic) ,  an d fo r  tha t  reason ,  th e instruction s give n fo r 
P(CIE )  task s wer e misinterpreted ,  resultin g i n apparen t 
fallacy .  I n addition ,  w e provid e evidenc e showin g tha t 
likelihoo d judgment s ar e highe r  wit h mor e evidenc e (more -
is-bette r  heuristic) . 

Introduction 

Ther e ha s bee n a  recen t  surg e o f  interes t  i n causa l 
reasonin g bot h i n Psycholog y (e.g. ,  A h n ,  Kalish ,  Medin ,  & 
Gelman ,  1996 ;  Cheng ,  1997 ;  Shanks ,  Holyoak ,  &  Medin , 
1996 )  an d i n Compute r  Scienc e (e.g. .  Pearl ,  1988 ;  1995) . 
Of  m a n y issue s smdie d i n thi s field,  th e rationalit y o f 
h u m an causa l  judgment s ha s receive d a  grea t  dea l  o f 
attention .  Th e purpos e o f  th e curren t  stud y i s t o investigat e 
on e apparentl y irrationa l  phenomeno n i n causa l  judgments , 
namel y conjunctio n fallacy . 

Conjunction Fallacy 

I t  i s  irrationa l  i f  th e probabilit y o f  a n even t  i s judge d t o 
be les s likel y tha n th e probabilit y o f  th e even t  alon g wit h 
some othe r  event .  Tversk y an d Kahnema n (1983 )  first 
demonstrate d tha t  w h e n laypeopl e wer e aske d t o judg e th e 
probabilit y o f  occurrenc e o f  conjunctiv e event s an d thei r 
constituents ,  thei r  judgment s coul d violat e suc h normativ e 
rules ,  committin g th e so-calle d Conjunctio n Fallacy .  Fo r 
instance ,  give n a  descriptio n o f  Lind a w h o resemble s a 
typica l  feminist ,  participant s judge d tha t  th e likelihoo d tha t 
Lind a i s a  feminis t  an d a  ban k telle r  i s  highe r  tha n th e 
likelihoo d tha t  Lind a i s a  ban k teller . 

Leddo ,  Abelson ,  an d Gros s (1984 )  expande d thi s 
phenomeno n t o causa l  reasoning .  Fo r  instance ,  participant s 
receive d a  stor y abou t  John' s decisio n t o atten d Dartmout h 
and rate d th e likelihoo d o f  variou s possibl e causa l 
explanations .  S o m e o f  thes e explanation s wer e "single " 
explanation s (e.g. ,  "Joh n wante d t o atten d a  prestigiou s 

college, "  "Dartmout h offere d a  goo d cours e o f  stud y fo r 
John' s major" )  an d som e wer e conjunctiv e (e.g. ,  "Joh n 
wante d t o atten d a  prestigiou s colleg e an d Dartmout h offere d 
a goo d cours e o f  stud y fo r  John' s major") .  Normativel y 
speaking ,  th e likelihoo d o f  tw o causes '  occurrenc e give n a n 
effect ,  P(Ci&C2lE) ,  ca n neve r  excee d th e likelihoo d o f  on e 
cause' s occurrenc e give n a n effect ,  P(C,IE )  o r  P(C2lE) . 
Unlik e th e normativ e predictions ,  participants '  rating s o n 
conjunctiv e explanation s wer e greate r  tha n tha t  o n singl e 
explanations . 

Ledd o etal .  (1984 )  discusse d tha t  on e possibl e reaso n fo r 
th e conjunctio n fallac y i s  tha t  peopl e misinterpre t  th e 
invers e probabilities .  Tha t  is ,  instea d o f  judgin g 
P(C,&C2lE) ,  participant s migh t  hav e judge d P(EIC,&C2) . 
(se e Fisk ,  1996 ;  Wolford ,  Taylor ,  &  Beck ,  199 0 fo r  a 
simila r  debat e o n th e Lind a th e ban k telle r  problem. )  Not e 
tha t  i n thi s case ,  participants '  response s ar e no t  necessaril y 
non-normativ e becaus e P(EIC|&C2 )  ca n b e greate r  tha n 
P(EIC, )  o r  P(EIC2) .  Ledd o e t  al .  (1984 )  dismisse d thi s 
accoun t  b y referrin g t o thei r  data .  Th e argumen t  wa s tha t  i f 
participant s wer e workin g backwards ,  the n conjunction s 
shoul d alway s b e rate d highe r  tha n th e singl e reason s 
becaus e additiona l  reason s shoul d m a k e th e even t  mor e 
compelling .  However ,  th e conjoin t  explanation s wer e rate d 
les s likel y tha n a t  leas t  on e o f  th e singl e explanation s (i.e. , 
atypica l  explanations )  an d the y too k thi s a s evidenc e agains t 
th e backwar d reasonin g hypothesis . 

However ,  i t  shoul d b e note d tha t  ther e ca n b e m a n y othe r 
factor s tha t  coul d contribut e t o th e conjunctio n fallac y i n 
causa l  reasoning .  O f  mos t  relevan t  t o thi s poin t  i s  A h n an d 
Bailenso n (1996 )  w h o showe d tha t  th e conjunctio n effec t  i n 
causa l  explanation s depend s o n th e coherenc y o f  th e tw o 
explanations ;  th e mor e coheren t  stor y on e ca n construc t 
fro m th e conjunctiv e explanations ,  th e greate r  th e 
conjunctio n effec t  was .  I f  th e tw o reason s d o no t  mak e a 
coheren t  story ,  the n eve n whe n th e question s wer e describe d 
as P(EIC|&C2) ,  peopl e di d no t  necessaril y  judg e th e tw o 
cause s a s bette r  tha n on e caus e and ,  i n som e cases ,  th e 
conjunctiv e likelihoo d wa s eve n lowe r  tha n th e singl e 
likelihood .  Therefore ,  eve n i f  participant s ha d actuall y 
reverse d th e conditiona l  probabilitie s i n Ledd o e t  al.' s 
studies ,  th e conjunctiv e explanation s coul d hav e bee n rate d 
les s likel y tha n on e o f  th e singl e explanation s becaus e th e 
conjunctiv e explanation s wer e no t  coheren t  enough .  Thus , 
explainin g th e conjunctio n fallac y i n causa l  reasonin g i n 
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term s o f  misinterpretatio n o f  conditiona l  probabilitie s ha s 
not  ye t  bee n convincingl y dismissed . 

Misinterpreting conditional probabilities 

I n th e are a o f  judgment s an d decisio n making ,  a  numbe r 
of  studie s hav e show n tha t  laypeopl c an d expert s confus e 
conditiona l  probabilitie s b y equatin g diagnosti c 
probabilities ,  P(diseaselsymptom) ,  wit h predictiv e ones , 
P(symptomldisease )  (e.g. ,  Dawes ,  Mirels ,  Gold ,  & 
Donahue ,  1993 ;  Eddy ,  1982 ;  Meeh l  &  Rosen ,  1955) .  Edd y 
(1982) ,  fo r  instance ,  tol d physician s tha t  th e probabilit y  o f 
th e patien t  ha s a  positiv e X-ra y repor t  fro m mammograph y 
give n tha t  th e patien t  ha s cance r  i s 0.792 .  Then ,  di e 
physician s wer e aske d t o estimat e th e probabilit y  tha t  a 
patien t  wit h th e positiv e X-ra y repor t  woul d hav e a  breas t 
cancer .  Accordin g t o th e Bayes '  formula ,  th e correc t 
probabilit y  i s 0.07 7 becaus e th e bas e rat e o f  breas t  cance r  i s 
onl y 1% .  However ,  9 5 ou t  o f  10 0 physician s interviewe d b y 
Eddy misinterprete d th e statement s an d estimate d th e 
probabilit y  t o b e abou t  7 5 % . 

I n th e are a o f  causa l  reasoning ,  ther e ha s no t  ye t  bee n a 
systemati c stud y testin g whethe r  th e tw o conditiona l 
probabilities ,  P(CIE )  o r  P(EIC) ,  ar e confused .  Matute , 
Arcediano ,  an d Mille r  (1996 )  hav e utilize d measure s tha t 
somewhat  analogousl y m a p ont o thes e tw o probabilitie s ("I s 
C th e caus e o f  E? "  an d "I s E  th e effec t  o f  C?" )  an d foun d n o 
differenc e i n th e participants '  estimates .  I n thi s stud y ther e 
was n o normativ e criterio n tha t  th e tw o estimate s shoul d b e 
differen t  (e.g. ,  Bayesia n theorem) .  Therefore ,  i t  i s  difficul t  t o 
asses s whethe r  th e answer s wer e th e sam e becaus e th e 
participant s confiise d th e tw o question s o r  becaus e th e 
answer s t o bot h question s ca n b e actuall y th e same . 

Curren t  causa l  reasonin g model s u p t o dat e hav e no t  ye t 
made a  clea r  distinctio n betwee n thes e tw o probabilit y 
estimates .  Fo r  instance ,  Rescorla-Wagne r  mode l  measure s 
associativ e strengt h betwee n tw o cue s whic h ar e bi -
directiona l  (Rescorl a &  Wagner ,  1972) .  Cheng' s causa l 
power  i n th e Powe r  P C theor y (1996 )  seem s t o measur e 
cause-to-effec t  strengt h bu t  i t  doe s no t  indicat e h o w effect-to -
caus e strengt h shoul d b e derive d fro m it .  Th e Bayesia n 
networ k (Pearl ,  1988 )  certainl y make s a  distinctio n betwee n 
thes e tw o conditiona l  probabilitie s bu t  i t  ha s no t  ye t  bee n 
propose d a s a  psychologica l  mode l  (bu t  se e a  mor e recen t 
attemp t  i n Glymou r  &  Cheng ,  i n press ;  Waldman n & 
Martingnon ,  i n preparation) . 

I n developin g a  causa l  reasonin g mode l  fo r  predictiv e an d 
diagnosti c assessments ,  i t  i s  importan t  t o understan d exactl y 
i n wha t  wa y peopl e confus e th e tw o probabilitie s unde r  wha t 
situations .  Fo r  instance ,  i f  peopl e equat e predictiv e an d 
diagnosti c probabilities ,  whic h on e d o the y us e a s a  basi s fo r 
bot h conditiona l  probabilities ? Tha t  is ,  d o the y us e 
predictiv e probabilitie s t o estimat e diagnosti c ones ,  o r  d o 
the y us e diagnosti c probabilitie s t o estimat e predictiv e ones ? 

A more-is-better heuristic and a cause-to-efTect 
reasonin g heuristi c a s a n accoun t  fo r  th e 
conjunctio n fallac y 

As discussed so far, judging conditional probabilities 
seems t o pos e a  difficul t  an d challengin g tas k t o laypeopl e 

and experts .  Thing s ca n ge t  onl y wors e w h e n conditiona l 
probabilitie s involv e multipl e events .  W e propos e tw o 
heuristic s tha t  peopl e us e whe n reasonin g wit h conditiona l 
probabilitie s involvin g multipl e causes  o r  multipl e effects . 
We propos e tha t  thes e heuristic s serv e a s base s fo r 
explainin g th e conjunctio n fallac y i n causa l  judgment s a s 
wil l  b e explaine d later . 

(I) A more-is-better heuristic; The more pieces of evidence 
ar e give n t o b e true ,  th e highe r  th e likelihoo d judgmen t  is . 
That  is ,  P(X\Y&Z )  >  P(X\Y )  o r  P(X\Z) . 

I n mos t  situations ,  th e more-is-bette r  heuristi c seem s 
wor k well .  W h e n aske d t o predic t  whethe r  Joh n wa s goin g 
t o choos e Dartmout h fo r  college ,  w e woul d certainl y ascrib e 
a highe r  likelihoo d t o thi s outcom e i f  w e kne w tha t  Joh n 
wante d t o atten d a  prestigiou s colleg e an d tha t  Dartmout h 
had th e majo r  h e wa s intereste d in ,  tha n w e woul d i f  w e onl y 
kne w on e o f  thes e piece s o f  information .  Thi s seem s t o b e a 
reasonabl e heuristi c t o us e fo r  a  simpl e reaso n tha t  tw o 
cause s ten d t o b e mor e powerfu l  tha n on e cause .  Thus ,  whe n 
ther e ar e tw o cause s servin g a s evidenc e fo r  a  possibl e 
c o m m on outcome ,  thi s effec t  woul d b e judge d t o b e mor e 
likel y t o occu r  tha n onl y on e o f  th e cause s i s present .  Tha t 
is ,  i n th e predictiv e situation ,  th e more-is-bette r  heuristi c 
woul d produc e P(EIC,&C2 )  >  P(EIC,) ,  P(EIC2) . 

Likewise ,  th e more-is-bette r  heuristi c seem s t o wor k wel l 
i n diagnosi s wher e on e i s t o estimat e th e likelihoo d o f 
cause s give n effect s a s evidence .  Fo r  instance ,  i f  someon e 
receive d a  ba d grad e o n a  tes t  an d w e wer e tryin g t o 
determin e th e caus e o f  th e ba d grade ,  w e woul d b e likel y t o 
ascrib e a  highe r  probabilit y  tha t  th e tes t  wa s ver y har d i f  w e 
lear n tha t  fiv e o r  si x othe r  peopl e go t  a  ba d grade .  Tha t  is , 
i f  w e hav e multipl e piece s o f  evidenc e fo r  th e sam e cause , 
our  estimatio n fo r  th e likelihoo d o f  tha t  caus e woul d b e 
highe r  tha n i f  w e hav e onl y on e piec e o f  evidence .  Again , 
thi s i s a  reasonabl e heuristi c t o us e i n diagnosin g cause s o f 
events ;  th e mor e evidenc e fo r  th e c o m m o n cause ,  th e mor e 
likel y th e occurrenc e o f  th e cause ,  o r  P(CIE,&E2 )  >  P(CiE,) , 
P(CIE2) . 

So far, we illustrated how the more-is-better heuristic can 
be use d i n bot h predictiv e an d diagnosti c situations .  Thi s 
heuristi c concern s th e likelihoo d estimate s o f  a  singl e even t 
when tw o event s ar e give n t o b e true .  Sometimes ,  however , 
one i s t o judg e th e likelihoo d o f  multipl e event s give n on e 
piec e o f  evidence .  Fo r  instance ,  on e m a y judg e tw o 
conjunctiv e cause s (o r  effects )  give n tha t  on e effec t  (o r 
cause )  i s give n t o b e true ;  P(C,&C2lE )  o r  P(E,&E2lC) .  Sinc e 
we d o no t  ye t  k n o w whethe r  o r  no t  th e conjunctiv e event s 
ar e true ,  thes e event s canno t  serv e a s evidence .  Hence ,  th e 
more-is-bette r  heuristi c canno t  appl y t o thi s situation .  W e 
propos e tha t  unde r  thi s situation ,  peopl e us e anothe r 
heuristi c t o dea l  wit h th e difficult y o f  judgin g th e likelihoo d 
of  conjunctiv e events . 

(2) A cause-to-effect reasoning heuristic: In judging 
likelihoo d o f  comple x event s involvin g causa l  relations , 
peopl e mentall y simulat e th e event s f ro m caus e t o effec t 
directio n an d provid e th e plausibilit y  o f  th e simulatio n a s 
th e estimate . 
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As discusse d b y Einhor n an d Hogart h (1986) ,  judgin g 

P(CIE )  ca n b e confusin g becaus e i t  contradict s th e tempora l 
sequenc e o f  event s i n th e world .  Caus e alway s precede s effec t 

i n th e worl d bu t  on e ha s t o assum e tha t  a n effec t  occurre d 
and the n estimat e th e likelihoo d o f  a  candidat e cause .  I t 
seems m u c h easie r  t o reaso n fro m caus e t o effec t  b y 
estimatin g th e likelihoo d o f  th e targe t  effec t  assumin g tha t 
th e candidat e caus e ha d occurred .  Tversk y an d Kahnema n 
(1982 )  mad e a  simila r  argument .  The y presente d thei r 

participant s a  numbe r  o f  case s wher e P(CIE )  i s  equate d wit h 
P(EIC) ,  a s i n th e cas e o f  P(mother' s ey e colorldaughter' s ey e 
color )  an d P(daughter' s ey e colorlmother' s ey e color) .  Th e 
result s showe d tha t  peopl e ten d t o judg e P(EIC )  t o b e highe r 

tha n P(CIE) .  Tversk y an d Kahnema n argue d tha t  thi s i s 
becaus e cause-to-effec t  reasonin g i s mor e natura l  t o us ,  s o 
P(EIC )  task s le d t o highe r  estimate s tha n P(CIE )  tasks . 

Peopl e see m mor e pron e t o th e cause-to-effec t  reasonin g 
heuristi c whe n judgin g comple x events .  Fo r  instance , 
judgin g P(C|&C2lE) ,  th e tas k use d i n studie s demonstratin g 
th e conjunctio n fallacy ,  ca n b e quit e comple x becaus e th e 
judgmen t  i s opposit e t o th e tempora l  sequenc e i n th e world . 
Furthermore ,  on e need s t o estimat e conjunctiv e 
probabilities .  Give n thi s overload ,  peopl e migh t  adop t  th e 
cause-to-effec t  reasonin g heuristi c an d conver t  P(Ci&C2lE ) 
int o P(EIC,&C2) .  Then ,  applyin g th e more-is-bette r 
heuristic ,  th e estimatio n ca n b e quit e high .  Thus ,  thi s us e o f 
th e cause-to-effec t  reasonin g heuristi c alon g wit h th e more -
is-bette r  heuristi c ca n resul t  i n th e overestimatio n an d henc e 
th e conjunctio n fallacy . 

Interestingly ,  ou r  accoun t  fo r  th e conjunctio n fallac y 
generate s a  nove l  predictio n abou t  th e conditio n unde r  whic h 
th e conjunctio n fallac y woul d b e greatl y reduced .  Conside r 
th e cas e wher e participant s ar e aske d t o judg e P(E,&E2lC) , 
P(E,IC) ,  an d P(E2lC) .  I n thi s case ,  th e directio n o f  th e 
conditiona l  probabilitie s ar e consisten t  wit h th e directio n o f 
th e cause-to-effec t  reasonin g heuristic .  Therefore ,  peopl e d o 
not  nee d t o invers e th e probabilities .  Furthermore ,  th e more -
is-bette r  heuristi c canno t  b e applie d t o thi s situatio n becaus e 
th e numbe r  o f  evidenc e i s th e sam e i n al l  thre e judgments . 
Becaus e neithe r  heuristic s apply ,  w e predic t  tha t  th e 
conjunctio n fallac y woul d b e greatl y reduced  unde r  thi s 
condition . 

Overview of Experiments 

I n orde r  t o tes t  th e hypothesi s abou t  th e us e o f  th e tw o 
heuristic s a s a  basi s fo r  th e conjunctio n fallacy ,  th e curren t 
experiment s use d th e followin g 2 X 2 factoria l  desig n show n 
i n Tabl e 1 .  I n tw o o f  th e conditions ,  participant s learne d tha t 
ther e i s a  c o m m o n effec t  fo r  tw o cause s (Common-Effec t 
condition )  I n th e othe r  tw o conditions ,  participant s learne d 
tha t  ther e i s a  c o m m o n caus e fo r  tw o effect s ( C o m m o n -
caus e condition) .  I n orde r  t o equat e th e correlatio n betwee n 
th e conjunctiv e events ,  identica l  event s wer e use d t o 
construc t  th e tw o cause s i n th e common-effec t  conditio n an d 
th e tw o effect s i n th e common-caus e condition .  Th e 
followin g ar e exampl e scenarios : 

Common Effect 
I n a  stud y o f  10 0 families ,  psychologis t  Ala n Grego r 

foun d tha t  distan t  an d unlovin g parent s ca n caus e a  chil d t o 

cr y mor e often .  Anothe r  stud y b y Michell e B i m b a u m 

found ,  amon g othe r  things ,  tha t  il l  healt h ca n c a m e belie s 
t o cr y mor e tha n average . 

CpmniQn Causg 
I n a  stud y o f  10 0 families ,  psychologis t  Ala n Grego r 

foun d tha t  childre n w h o cr y ofte n caus e parent s t o becom e 
mor e distan t  an d unlovin g tha n average .  Anothe r  stud y b y 
Michell e B i m b a u m found ,  amon g othe r  things ,  tha t 

excessiv e cryin g wil l  caus e il l  healt h effects . 

Table 1. Design and predictions of Experiments 1 and 2. 

Causa l 
Structur e 

Common 
Effec t 
(CE) 

Ci"---̂ . 
^ E 

C 2 - ' ^ 

Common 
Cause 
(C O 

Predictiv e 
Questions :  P(EIC ) 

Stron g Conj . 
Effect : 

P(EIC,&C2 ) 
> P(EIC|) ,  P(EIC2 ) 
becaus e o f  th e 
more-is-bette r 
heuristic . 

Smal l  Conj .  Effect : 
P(E,&E2lC ) 
< P(E,IC) ,  P(E2lC ) 
becaus e n o heuristi c 
applies . 

Diagnosti c Question s 
:P(CIE ) 

Moderat e Conj .  Effect : 
P(C,&C2lE ) 
> P(C,IE),P(C2lE ) 
i f  th e cause-to-effec t 
heuristi c i s  applied . 
P(C,&C2lE ) 

< P(C,IE),P(C2lE ) 
i f  th e cause-to-effec t 
heuristi c i s no t 
applied . 

Moderat e Conj .  Effect : 

P(CIE,&E2 ) 
> P(CIE,) ,  P(CIE2 ) 
becaus e o f  th e more-is -
bette r  heuristic . 
P(CIEi&E2 ) 

< P(CIE,) ,  P(CIE2 ) 
i f  th e cause-to-effec t 
heuristi c i s  applied . 

Hal f  o f  th e task s wer e predictive ,  P(EIC) ,  an d th e othe r 
hal f  wer e diagnostic ,  P(CIE) .  (Se e Tabl e 2  fo r  sampl e 
question s fo r  bot h th e common-caus e an d th e common-effec t 
conditions. )  Fo r  bot h predictiv e an d diagnosti c conditions , 
thre e probabilit y  estimate s wer e asked ;  tw o estimate s 
involvin g singl e event s an d on e estimat e involvin g 
conjunctiv e events .  Tabl e 1  present s th e actua l  conditiona l 
probabilitie s fo r  eac h conditio n alon g wit h th e prediction s 
generate d b y th e us e o f  th e tw o heuristics .  Henceforth ,  eac h 
of  th e fou r  condition s wil l  b e referre d b y combinin g th e tw o 
variable s (e.g. ,  th e predictiv e common-effec t  condition) . 

T o reiterat e th e prediction s base d o n th e us e o f  th e tw o 
heuristics ,  th e more-is-bette r  heuristi c i s  applicabl e t o th e 
predictiv e common-effec t  an d th e diagnosti c common-caus e 
conditions .  W e predicte d tha t  likelihoo d estimate s woul d b e 
highe r  whe n tw o piece s o f  evidenc e ar e give n t o b e tru e tha n 
when onl y on e piec e i s given ,  resultin g i n th e conjunctio n 
effect' .  I n th e diagnosti c common-caus e condition ,  i t  i s 
possibl e tha t  peopl e migh t  appl y th e cause-to-effec t  heuristi c 
by invertin g th e probabilities ,  i n whic h cas e th e conjunctio n 
effec t  ca n b e somewha t  reduced . 

'  Sinc e thi s i s no t  a  violatio n o f  probabilit y  theories ,  w e wil l 
cal l  thi s a  conjunctio n effec t  rathe r  tha n a  conjunctio n fallacy . 
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Tabl e 2 .  Sampl e predictiv e an d diagnosti c question s fo r  singl e an d conjunctiv e event s 
used i n th e common-caus e an d th e common-effec t  condition s o f  Studie s 1  an d 2 . 

Causal 
Structur e 

Predictiv e Question s Diagnosti c Question s 

Common 
Effec t 

Singl e events .  P(g|Ci )  QX PiBQi) ; 
Suppos e infan t  Amy' s parent s ar e distan t  an d 
unloving .  Ho w likel y i s i t  tha t  thi s wil l  caus e 
Amy t o cr y mor e tha n average ? 
Suppos e infant .  Amy ,  i s o f  il l  health .  Ho w likel y 
i s i t  tha t  thi s wil l  caus e Amy t o cr y mor e tha n 

average ? 

Conjunctive events, P(EIC^&C^ 
Suppos e infan t  Amy' s parent s ar e distan t  an d 
unlovin g an d tha t  sh e (Amy )  i s o f  il l  health .  Ho w 
likel y i s i t  tha t  thi s wil l  caus e Amy t o cr y mor e 
tha n average ? 

Singl e events ,  P(CJE).P(CjE } 
Suppos e infant ,  Amy ,  crie s mor e tha n average . 
How likel y i s i t  tha t  thi s occurre d becaus e Amy' s 
parent s ar e distan t  an d unloving ? 
Suppos e infant ,  Amy ,  crie s mor e tha n average . 
How likel y i s i t  tha t  thi s occurre d becaus e Amy i s 
of  il l  health ? 

Conjunctive events. P(C^&C;IE) 
Suppos e infant .  Amy ,  crie s mor e tha n average . 
How likel y i s i t  tha t  thi s occurre d becaus e Amy' s 
parent s ar e distan t  an d unlovin g an d tha t  sh e (Amy ) 
i s  o f  il l  health ? 

Common 
Cause 

Singl e events .  P(EJC) .  P(E.IC ) 
Suppos e infant .  Amy ,  crie s mor e tha n average . 
How likel y i s i t  tha t  thi s wil l  caus e Amy' s parent s 
t o b e distan t  an d unloving ? 
Suppos e infant .  Amy ,  crie s mor e tha n average . 
H ow likel y i s i t  tha t  thi s wil l  caus e Amy t o b e o f 
il l  health ? 

Conjunctive events. PfEj^&E^IC) 
Suppos e infant .  Amy ,  crie s mor e tha n average . 
How likel y i s i t  tha t  thi s wil l  caus e bot h Amy' s 
parent s t o b e distan t  an d unlovin g an d il l  healt h fo r 
Amy? 

Singl e events .  PrCIE Î .  PCCIE. I 
Suppos e infan t  Amy' s parent s ar e distan t  an d 
unloving .  Ho w likel y i s i t  tha t  thi s occurre d 
becaus e Amy crie s mor e tha n average ? 
Suppos e infant .  Amy ,  i s o f  il l  health .  H o w likel y 
i s i t  tha t  thi s occurre d becaus e Amy crie s mor e 
tha n average ? 

Conjunctive events. PCCIEj^&E;) 
Suppos e infan t  Amy' s parent s ar e distan t  cwt d 
unlovin g an d tha t  sh e (Amy )  i s o f  il l  health .  Ho w 
likel y i s i t  tha t  thi s occurre d becaus e Am y crie s 
more tha n average ? 

Of  particula r  interes t  ar e th e diagnosti c common-effec t  an d 
th e predictiv e common-caus e conditions .  A s explaine d 
before ,  th e diagnosti c common-effec t  conditio n i s expecte d 
t o lea d t o th e conjunctio n effec t  a s i n th e previou s studies . 
Peopl e woul d appl y th e cause-to-effec t  heuristi c an d judg e 
P(EIC,&C2 )  rathe r  tha n P(C,&C2lE) .  Onc e th e question s ar e 
misrepresented ,  v̂' e predicte d tha t  tw o cause s woul d b e judge d 
t o b e mor e likel y t o lea d t o a n effec t  tha n on e caus e would , 
resultin g i n th e conjunctio n fallacy .  T o th e exten t  tha t 
participant s i n th e diagnosti c common-effec t  conditio n 
misinterpre t  th e questions ,  thei r  estimate s woul d b e simila r 
t o th e response s fro m th e predictiv e common-effec t 
conditio n wher e participant s wer e explicitl y  aske d t o reaso n 
fro m caus e t o effect .  I f  participant s i n th e diagnosti c 
common-effec t  conditio n accuratel y interpre t  th e task ,  the y 
woul d no t  violat e th e normativ e probabilit y  theory .  Hence , 
i t  i s  predicte d tha t  althoug h th e diagnosti c common-effec t 
conditio n woul d lea d t o th e conjunctio n effect ,  th e amoun t 
of  th e conjunctio n effec t  canno t  excee d tha t  i n th e predictiv e 
common-effec t  condition . 

Finally ,  fe w instance s o f  th e conjunctio n effec t  wa s 
predicte d fro m th e predictiv e common-caus e condition .  I n 
thi s condition ,  th e cause-to-effec t  reasonin g heuristi c doe s 
not  caus e an y misrepresentatio n o f  th e problem s becaus e th e 
problem s ar e alread y presente d a s cause-to-effec t  questions . 
Furthermore ,  th e more-is-bette r  heuristi c doe s no t  appl y 
becaus e th e numbe r  o f  evidenc e i s  th e sam e acros s th e singl e 
and conjunctiv e judgments . 

To summarize ,  th e mos t  crucia l  compariso n i s betwee n 
th e diagnosti c common-effec t  conditio n an d th e predictiv e 
common-caus e condition .  A s ca n b e see n i n th e abov e tw o 
example'scenarios ,  w e use d identica l  event s an d simpl y 
change d th e causa l  statu s o f  th e events .  Tha t  is ,  C ,  an d C j  i n 
th e common-effec t  conditio n ar e identica l  t o E ,  an d E j  i n th e 
common-caus e conditio n excep t  fo r  th e causa l  rol e th e 
event s play .  I f  w e indicat e th e thre e event s a s X ,  Y ,  an d Z 
ignorin g th e causa l  status ,  th e question s the y answere d wer e 
identical ;  P(X&YIZ) ,  P(XIZ) ,  an d P(YIZ) .  Despit e thi s 
identica l  conten t  o f  th e event s an d questions ,  th e common-
effec t  conditio n i s expecte d t o lea d t o th e conjunctio n effec t 
but  th e common-caus e conditio n i s not . 

Study 1 

Method 

Stud y 1  ha d a  2  X  2  factoria l  desig n crossin g Typ e o f 
Question s (diagnostic ,  P(CIE) ,  o r  predictiv e questions , 
P(EIC) )  an d Causa l  Structur e (commo n caus e o r  common 
effect )  a s show n i n Tabl e 1 . 

Eigh t  scenario s wer e create d tha t  coul d b e use d i n al l  fou r 
conditions .  Scenario s wer e designe d s o tha t  th e causa l 
natur e o f  th e element s wa s reversible .  Tha t  is ,  i f  A  cause d B 
i n th e common caus e condition ,  the n i n th e common effec t 
conditio n B  wa s th e caus e o f  A .  Directio n o f  causalit y wa s 
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imbedde d int o th e backgroun d o r  question s i n eac h scenari o 
as show n i n th e tw o exampl e scenario s i n th e introduction . 

Participant s estimate d th e probabilit y o f  thre e event s fo r 
eac h scenario .  T w o o f  th e event s illustrate d a  on e cause-on e 
effec t  relationshi p (singl e events) .  Th e thir d even t  wer e 
eithe r  a  tw o cause-on e effec t  i n th e c o m m o n effec t  conditio n 

or  a  on e cause-tw o effec t  i n th e c o m m o n caus e conditio n 
(conjunctiv e events) .  Fo r  bot h singl e an d conjunctiv e 

events ,  predictiv e an d diagnosti c question s wer e developed . 
The sampl e question s fo r  th e abov e exampl e scenario s ar e 
provide d i n Tabl e 2 .  Eac h probabilit y  estimatio n wa s rate d 
on a  1  t o 9  scale .  A  ratin g o f  on e indicate d "definitel y no " 
and a  ratin g o f  nin e indicate d "definitel y yes" . 

Eac h subjec t  complete d al l  eigh t  scenarios ,  bu t  n o subjec t 
receive d th e sam e scenari o mor e tha n once .  Al l  participant s 
complete d tw o scenario s fo r  eac h o f  th e fou r  cel l  conditions . 
Scenario s wer e randoml y assigne d usin g a  Latin-Square s 
design .  Fo r  eac h scenario ,  thre e question s wer e presented , 
tw o abou t  singl e event s an d on e abou t  conjunctiv e events . 
The orde r  o f  th e thre e question s wa s randomize d acros s th e 
eigh t  scenario s an d participant s receive d th e eigh t  scenario s 
i n a  completel y randomize d order .  Participant s performe d th e 
tas k a t  thei r  o w n pace .  Fifty-si x undergraduat e student s fro m 
an introductor y psycholog y cours e a t  Yal e Universit y 
participate d fo r  partia l  cours e credit . 

Results and Discussion 

The mea n rating s fo r  th e conjunctiv e event s an d th e 
minima l  o f  singl e event s ar e presente d i n Tabl e 3  alon g wit h 
th e prediction s describe d i n Tabl e 1 .  I n addition ,  Tabl e 3 
list s th e percentag e o f  participant s w h o showe d th e 
conjunctio n effec t  (i.e. ,  judgin g tha t  th e conjunctiv e even t  i s 
mor e likel y tha n th e les s likel y singl e event) . 

Table 3. Results of Study 1 

Causal 
Structur e 

C o m m on 
Effec t 

: > 

C o m m on 
Cause 

Predictiv e 
Questions :  P(EIC ) 

Stron g Conj .  Effec t 

P(EIC) ;  4. 8 
P(EIC,&C2) ;  6. 4 
Difference :  1. 6 

% o f  Conjunctio n 
Effect :  86.6 % 

No Conj .  Effec t 

P(EIC) ;  5. 2 
P(Ei&E2lC) :  5. 4 
Difference :  0. 2 

% o f  Conjunctio n 
Effect :  43.3 % 

Diagnosti c Questions : 
P(CIE ) 

Moderat e Conj .  Effec t 

P(CIE) :  4. 5 
P(C,&C2lE) :  5. 5 
Difference :  1. 0 

% o f  Conjunctio n 
Effect :  73.3 % 

Moderat e Conj .  Effec t 

P(CIE) ;  4. 4 

P(CIE,&E2) :  5. 6 
Difference :  1. 3 

% o f  Conjunctio n 
Effect :  75.0 % 

when th e sam e event s ar e phrase d a s tw o effect s fo r  th e sam e 
conditio n (th e predictiv e common-effec t  condition) ,  onl y les s 
tha n hal f  th e peopl e (43.3% )  committe d th e fallacy .  W e als o 
examine d th e amoun t  o f  th e conjunctio n effec t  define d a s th e 
differenc e betwee n th e likelihoo d o f  conjunctiv e event s an d 
th e smalle r  o f  th e likelihoo d rating s o f  th e tw o singl e 

events .  I n th e diagnosti c common-effec t  condition ,  thi s 
amount  wa s 1.0 ,  bu t  i n th e predictiv e common-caus e 
condition ,  i t  droppe d t o 0.2 .  A  repeated-measure s A N O V A 
was conducte d t o tes t  thi s compariso n wit h th e numbe r  o f 
event s (Conjunctio n o r  Single )  an d th e Causa l  Structur e 
(common-caus e o r  common-effect )  a s tw o factors .  A s 
predicted ,  ther e wa s a  ver y stron g interactio n effect ,  F(l ,  56 ) 
= 15.45 ,  p  <  .001 .  I n addition ,  ther e wa s a  reliabl e mai n 
effec t  o f  th e numbe r  o f  events ,  F(l ,  56 )  =  23.75 ,  p  <  .001 , 
becaus e th e conjunctiv e event s wer e generall y estimate d t o 
be highe r  tha n singl e events .  Ther e wa s n o mai n effec t  o f 
th e Causa l  Structure .  I n addition ,  th e predictiv e common -
effec t  an d th e diagnosti c common-caus e condition s resulte d 
i n stron g conjunctio n effects ,  providin g evidenc e fo r  th e 
more-is-bette r  heuristic . 

Study 2 

One concer n fro m Stud y 1  i s tha t  ther e stil l  wa s 43.3 % o f 
th e participant s w h o committe d th e conjunctio n fallac y i n 
th e predictiv e common-caus e condition .  W e speculate d tha t 
thi s occurre d probabl y becaus e bot h manipulation s o f  Stud y 
1 wer e within-subjec t  variables .  I f  participant s attempte d t o 
make consisten t  response s fo r  simila r  questions ,  th e 
response s mad e o n th e question s i n th e diagnosti c common -
effec t  conditio n ca n influenc e thei r  response s mad e o n th e 
predictiv e common-caus e condition .  Hence ,  i n Stud y 2 ,  w e 
assigne d differen t  subject s t o thes e condition s b y makin g th e 
Causal  structur e a  between-subjec t  variable . 

Methods 

The design ,  materials ,  an d procedur e wer e al l  identica l  t o 
Stud y 1  excep t  tha t  th e Causa l  structur e wa s a  between -
subjec t  variable .  Ther e wer e a  tota l  o f  4 6 participants ,  o f 
whic h 2 2 wer e assigne d t o th e c o m m o n caus e conditio n an d 
24 wer e assigne d t o th e c o m m o n effec t  condition . 

Table 4. Results of Study 2 

Consisten t  wit h previou s researc h o n th e conjunctio n 
fallacie s i n causa l  reasoning ,  th e diagnosti c common-effec t 
conditio n le d t o a  stron g conjunctio n fallac y a s indicate d b y 
73 .3 % o f  th e participant s committin g th e fallacy .  However , 

Causal 
Structur e 

Common 
Effec t 

Common 
Cause 

^„>yE , 
c. 

Predictiv e 
Questions :  P(EIC ) 

P(EIC) ;  4. 8 
P(EIC,&C2) ;  6. 2 
Difference :  1. 7 

% o f  Conjunctio n 
Effect :  95.8 % 

P(EIC) ;  5. 7 
P(E,&E2lC) :  5. 5 
Difference :  -0. 2 

% o f  Conjunctio n 
Effect :  31.8 % 

Diagnosti c Question : 
P(CIE ) 

P(CIE) :  4. 8 
P(C,&C2lE) :  6. 4 
Difference :  1. 5 

% o f  Conjunctio n 
Effect :  91 .7 % 

P(CIE) ;  4. 7 
P(CIE,&E2) :  5. 7 
Difference :  1. 1 

% o f  Conjunctio n 
Effect :  91 .9 % 
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Result s an d Discussio n 

The result s ar e presente d i n Tabl e 4 .  Wit h th e between -
subjec t  manipulation ,  th e numbe r  o f  participant s wh o 
committe d th e conjunctio n fallac y wa s reduce d onl y t o on e 
thir d i n th e predictiv e common-caus e condition . 
Furthermore ,  th e amoun t  o f  th e conjunctio n effec t  i n thi s 
conditio n wa s negativ e (-0.2) .  Still ,  th e between-subjec t 
manipulatio n di d no t  reduc e th e amoun t  o f  th e conjunctio n 
effec t  i n an y othe r  conditions . 

One migh t  argu e tha t  ther e stil l  ar e 3 1 % o f  participant s i n 
th e predictiv e common-caus e conditio n committin g th e 
fallacy .  W e speculat e tha t  thes e participant s migh t  b e 
overgeneralizin g th e more-is-bette r  heuristi c t o th e judgmen t 
of  events .  I t  als o coul d b e th e cas e tha t  presentin g bot h 
predictiv e an d diagnosti c question s t o th e sam e participant s 
migh t  hav e mad e the m misinterpre t  th e predictiv e question s 
as diagnosti c one s an d vic e versa .  W e ar e currentl y 
conductin g a  stud y t o addres s thi s issu e b y manipulatin g 
bot h factor s a s between-subjec t  variables . 

General Discussion 

The tw o experiment s provide d a n accoun t  fo r  th e 
conjunctio n fallac y whe n judgin g th e likelihoo d o f 
conjunctiv e o r  singl e cause s give n a n effect .  W e argu e tha t 
thi s fallac y occur s becaus e peopl e us e th e cause-to-effec t 
reasonin g heuristi c a s wel l  a s th e more-is-bette r  heuristic . 
By employin g a  conditio n wher e neithe r  heuristi c applies , 
we coul d successfull y eliminat e th e conjunctio n fallacy .  I n 
addition ,  th e result s from  th e predictiv e common-effec t 
conditio n an d th e diagnosti c common-caus e conditio n 
provid e evidenc e supportin g th e us e o f  th e more-is-bette r 
heuristic . 

What  ar e th e implication s o f  thes e result s fo r  th e 
normativ e theor y o f  causa l  judgments ? Give n limite d 
computationa l  capacity ,  i t  i s  obviou s tha t  peopl e canno t  b e 
perfecd y normativ e a s prescribe d b y th e probabilit y  tiieories 
when reasonin g wit h comple x causa l  relation s involvin g 
multipl e factor s an d conditiona l  probabilities .  I f  so ,  instea d 
of  askin g whethe r  peopl e ar e rational ,  a  mor e usefu l  questio n 
woul d b e wha t  heuristic s peopl e us e unde r  wha t  conditions . 
The curren t  stud y demonstrate d an d justifie d th e us e o f  th e 
tw o heuristics .  Furthermore ,  whe n thes e tw o heuristic s d o 
not  apply ,  people' s response s di d no t  violat e th e normativ e 
theory . 
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