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Abstrac t 

Explanations of many cognitive processes, including 
probabilit y  judgment ,  rel y o n th e construc t  o f  similarity . 
The presen t  pape r  i s concerne d wit h th e similarity-base d 
explanatio n o f  reasonin g i n th e conjunctio n task .  Althoug h 
hig h positiv e correlation s hav e bee n foun d betwee n 
similarit y an d probabilit y  judgment s i n thi s task ,  thes e 
alon e canno t  validat e th e assumptio n tha t  similarit y i s 
judge d b y a  proces s o f  featur e compariso n o r  tha t  similarit y 
judgmen t  i s  a n explanatio n o f  probabilit y  judgment . 
Preliminar y result s fro m a  stud y i n whic h w e collecte d 
writte n justification s fro m subject s wh o mad e bot h type s o f 
judgmen t  sugges t  tha t  thes e assumption s ar e no t  tenable . 
Subject s cite d consideration s o f  causalit y an d statistic s ~  no t 
jus t  featur e overla p - -  whe n judgin g bot h similarit y an d 
probability ,  indicatin g tha t  (1 )  featur e compariso n i s onl y 
one wa y i n whic h peopl e judg e similarit y an d (2 )  similarit y 
judgmen t  ca n involv e processe s usuall y associate d wit h 
probabilit y  judgment .  Thes e findings  sugges t  tha t  th e rol e 
of  similarit y i n explainin g othe r  cognitiv e processe s need s 
t o b e revised .  I t  i s propose d tha t  th e powe r  o f  similarit y an d 
probabilit y  t o predic t  on e anothe r  ca n b e exploite d fo r  th e 
purpos e o f  makin g eithe r  typ e o f  judgment . 

I n t r o d u c t i o n 

Explanation s o f  man y cognitiv e processes ,  includin g 
categorization ,  probabilisti c  reasoning ,  an d analogica l 
transfer ,  res t  o n th e construc t  o f  similarit y a t  som e level . 
Similarity-base d explanation s o f  cognitio n generall y mak e 
tw o crucia l  assumption s abou t  similarit y judgmen t 
mechanism s an d th e rol e o f  similarit y judgmen t  i n 
explainin g othe r  cognitiv e processes .  Th e firs t  assumptio n 
i s tha t  similarit y i s th e outcom e o f  a  proces s o f  comparison , 
usuall y mediate d b y a  mechanis m tha t  evaluate s matche s an d 
mismatche s betwee n feature s representin g th e compare d 
entities .  Th e secon d assumptio n i s tha t  similarit y judgmen t 
i s a  fundamenta l  cognitiv e proces s tha t  underlie s man y othe r 
cognitiv e processe s an d serve s a s a n explanatio n o f  them . 

I n th e presen t  paper ,  w e presen t  evidenc e fro m a  protoco l 
stud y i n whic h w e investigate d bot h o f  thes e assumptions . 
We collecte d similarit y an d probabilit y  estimate s i n a  classi c 
probabilisti c  reasonin g task ,  th e conjunctio n task .  A s i n 
previou s studies ,  w e foun d tha t  th e tw o type s o f  estimat e ar e 

highl y positivel y correlated .  However ,  subjects '  writte n 
justification s o f  thei r  estimate s reveale d that ,  i n additio n t o 
featur e comparison ,  judgment s i n bot h task s wer e als o 
mediate d b y causa l  an d statistica l  inferences .  W e chos e t o 
stud y th e conjunctio n tas k becaus e th e mos t  prevalen t 
explanatio n o f  reasonin g i n thi s an d othe r  probabilisti c 
reasonin g task s — th e "representativenes s heuristic "  ~  rest s 
squarel y o n th e similarity-as-explanatio n an d similarity-as -
compariso n assumptions . 

Similarity and probability judgments 

The representativenes s heuristi c ha s bee n define d a s a  rul e 
of  thum b b y whic h subject s mak e a  similarit y judgmen t  i n 
lie u o f  th e requeste d probabilit y  judgmen t  (Kahnema n & 
Tversky ,  1972) .  Fo r  example ,  the y migh t  judg e th e 
similarit y betwee n a  perso n an d a  particula r  categor y o f 
peopl e i n orde r  t o deriv e th e probabilit y  tha t  th e perso n i s a 
member  o f  th e category .  Becaus e similarit y i s  ofte n 
positivel y correlate d wit h probability ,  i t  i s  argue d tha t 
judgmen t  b y representativenes s i s a  plausibl e an d usefu l  wa y 
t o mak e probabilit y  judgments .  Thu s researcher s o f 
probabilisti c  reasonin g hav e mad e th e similarity-as -
explanatio n assumptio n b y proposin g tha t  similarit y 
judgmen t  underlie s th e judgment s m a d e b y subject s 
performin g a  variet y o f  probabilisti c  task s (e.g. ,  Shafir , 
Smith ,  &  Osherson ,  1990) .  Th e sam e researcher s hav e 
adopte d th e similarity-as-compariso n assumptio n b y 
operationalizin g th e representativenes s hypothesi s i n term s 
of  traditiona l  feature-matchin g model s o f  similarit y 
judgmen t  (e.g. .  Smit h &  Osherson ,  1989) . 

Feature-matchin g model s o f  similarit y judgmen t  mak e 
simplifyin g assumption s a t  th e level s o f  bot h representatio n 
and processing .  First ,  the y assum e tha t  categorie s suc h a s 
"spoon "  ca n b e represente d a s list s o f  featur e slot s (e.g. , 
color ,  size ,  purpose )  tha t  tak e o n differen t  featur e value s 
(e.g. ,  brown ,  large ,  use d fo r  mixin g food) .  Next ,  the y posi t 
tha t  th e similarit y betwee n tw o entitie s i s a  weighte d 
additiv e functio n o f  thei r  c o m m o n an d distinctiv e features . 
Tversky' s (1977 )  classi c contras t  mode l  o f  similarit y 
judgmen t  assume s suc h a  feature-matchin g proces s an d ha s 
serve d a s th e basi s fo r  man y subsequen t  cognitiv e model s 
involvin g similarit y judgment .  Feature-matchin g model s 
hav e fare d reasonabl y wel l  i n predictin g huma n judgment s o f 
similarit y betwee n schemati c figure s (Tversky ,  1977 ; 
Tversk y &  Gati ,  1978 )  an d betwee n simpl e adjective-nou n 
conceptua l  combination s suc h a s "brow n apple "  an d "gree n 
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apple "  (Smit h &  Osherson ,  1984 ;  Smith .  Osherson ,  Rips , 
& Keane ,  1988) . 

Despit e thei r  ubiquity ,  feature-matchin g model s o f 
similarit y judgmen t  hav e draw n considerabl e criticis m fo r 
thei r  lac k o f  constraint s an d untenabl e assumption s (e.g. , 
Goodman,  1972 ;  Medin ,  Goldstone ,  an d Centner ,  1993) . 
Thes e assumption s becom e increasingl y compromisin g a s 
one move s fro m relativel y simple ,  artificia l  categorie s t o 
naturall y occurrin g objec t  categorie s suc h a s "spoon, "  al l  th e 
way u p t o th e kind s o f  comple x concept s mos t  relevan t  t o 
probabilisti c  reasoning ,  suc h a s "friend "  an d "conservative. " 
Ther e i s considerabl e evidenc e tha t  modelin g categorie s i n 
term s o f  feature s an d featur e slot s doe s no t  captur e th e 
structur e o f  people' s conceptua l  representation s (Murph y & 
Medin ,  1985) ,  particularl y whe n i t  i s assume d tha t  feature s 
ar e independen t  (Goldstone ,  Medin ,  &  Centner ,  1991) . 
Moreover ,  i t  ha s bee n demonstrate d tha t  i n similarit y 
judgment ,  relation s a s wel l  a s feature s ar e aligne d fo r  th e 
purpose s o f  compariso n (e.g. ,  Markma n &  Centner ,  1993) , 
However ,  eve n model s tha t  tak e accoun t  o f  th e rol e o f 
relation s cas t  similarit y judgmen t  a s a  proces s o f 
comparison . 

I n thi s paper ,  w e explor e th e processin g tha t  underlie s 
similarit y judgmen t  i n th e conjunctio n tas k a s wel l  a s i n a 
typicalit y judgmen t  tas k base d o n it .  I n a  typica l 
conjunctio n task ,  subject s receiv e a  descriptio n o f  a  perso n 
(e.g. ,  "Lind a i s  31 ,  single ,  majore d i n philosoph y an d wa s 
concerne d wit h issue s o f  discriminatio n an d socia l  justic e i n 
college" )  an d ar e aske d t o judg e th e probabilit y  tha t  th e 
perso n describe d i s a  member  o f  thre e categories :  tw o 
constituen t  categorie s (e.g. ,  ban k teller ,  activ e i n th e 
feminis t  movement )  an d a  conjoin t  categor y comprise d o f 
th e tw o constituent s (e.g. ,  ban k telle r  wh o i s activ e i n th e 
feminis t  movement) .  Whe n th e descriptio n i s informativ e 
wit h respec t  t o th e categorie s an d especiall y whe n th e 
descriptio n differentiall y  "point s to "  th e constituen t 
categorie s a s i n th e Lind a task ,  mos t  subject s (typicall y 
about  80% )  ran k th e probabilit y  o f  th e conjoin t  categor y t o 
be highe r  tha n th e probabilit y  o f  on e o f  th e constituen t 
categorie s (i.e. ,  the y ten d t o thin k i t  i s mor e probabl e tha t 
Lind a i s a  ban k telle r  wh o i s activ e i n th e feminis t 
movement  tha n tha t  sh e i s a  ban k teller) .  Thi s i s considere d 
t o b e a  violatio n o f  th e conjunctio n rule . 

The similarity-base d explanatio n o f  conjunctio n rul e 
violation s state s tha t  subject s asses s th e give n person' s 
similarit y t o eac h categor y representatio n i n orde r  t o judg e 
th e probabilit y  tha t  th e perso n i s a  member  o f  eac h category . 
The clai m tha t  similarit y judgmen t  underlie s probabilit y 
judgmen t  i n th e conjunctio n tas k ha s receive d suppor t  fro m 
studie s i n whic h typicality '  rating s wer e foun d t o b e highl y 
positivel y correlate d wit h probabilit y  rating s o n th e sam e 
item s (Shafi r  e t  al. ,  1990 ;  Tversk y &  Kahneman ,  1983) . 
Shafi r  e t  al .  (1990 )  explaine d th e hig h positiv e correlatio n i n 
qualitativ e term s a s th e resul t  o f  a  feature-compariso n 
proces s responsibl e fo r  bot h typicalit y an d probabilit y 

'Ordinarily ,  th e ter m "similarity "  i s  use d whe n th e 
compariso n i s betwee n instances ,  an d "typicality "  whe n th e 
compariso n i s betwee n a n instanc e an d a  category .  Th e term s 
wil l  b e use d interchangeabl y here . 

judgment .  Elsewhere ,  Smit h an d Osherso n (1989 )  propose d 
a forma l  feature-matchin g mode l  o f  reasonin g i n th e 
conjunctio n tas k base d o n Tversky' s (1977 )  contras t  model . 

The positiv e correlatio n betwee n typicalit y an d probabilit y 
judgment s use d t o suppor t  th e similarity-base d explanatio n 
of  probabilisti c  reasonin g leave s tw o question s unanswered : 
(1 )  Doe s typicalit y judgmen t  underli e probabilit y  judgment , 
does probabilit y  judgmen t  underli e typicalit y judgment ,  o r 
ar e bot h supporte d b y anothe r  process ? (2 )  Assumin g tha t 
typicalit y judgmen t  underlie s probabilit y  judgment ,  i s 
featur e compariso n th e onl y proces s b y whic h typicalit y i s 
computed ? I f  not ,  wha t  othe r  processe s ar e involved ? 

The presen t  stud y wa s designe d t o investigat e thes e 
question s usin g item s an d measure s adapte d fro m Shafi r  e t 
al .  (1990) .  I n orde r  t o asses s th e reasonin g behin d th e 
estimates ,  w e aske d subject s t o provid e writte n justification s 
describin g thei r  thinkin g a s the y solve d th e task .  Thi s i s th e 
firs t  stud y w e kno w o f  i n whic h justification s wer e collecte d 
i n a  correlationa l  stud y o f  probabilit y  an d typicalit y 
judgment .  Althoug h suc h justification s wil l  no t  necessaril y 
captur e th e underlyin g cognitiv e processing ,  the y shoul d 
revea l  somethin g abou t  subjects '  understandin g o f  wha t 
informatio n i s relevan t  t o th e tas k an d ho w thi s informatio n 
shoul d b e used . 

Method 

Subjects. Subjects were 160 University of Chicago 
undergraduate s wh o complete d th e experimen t  i n smal l 
group s (2-8 )  immediatel y afte r  variou s classroo m lectures . 

Materials. The experiment was based on Experiment 1 in 
Shafi r  e t  al .  (1990) .  Eac h subjec t  receive d a  questionnair e 
consistin g o f  a n instructio n pag e an d a  respons e page .  Th e 
instructio n pag e informe d th e subjec t  tha t  th e tas k wa s t o 
make eithe r  probabilit y  o r  typicalit y estimates .  (Estimat e 
typ e wa s varie d betwee n subjects. )  A  sampl e ite m wa s 
give n s o tha t  subject s kne w wha t  t o expec t  i n th e task .  Th e 
respons e pag e showe d on e ite m consistin g o f  a  personalit y 
descriptio n an d thre e categorie s t o b e judged . 

Procedure .  Eac h subjec t  receive d on e o f  eigh t  possibl e 
personalit y descriptions .  Dependin g o n th e conditio n t o 
whic h the y wer e assigned ,  subject s wer e require d t o judg e 
eithe r  th e probabilit y  tha t  th e perso n describe d wa s a 
member  o f  eac h o f  thre e categorie s o r  t o judg e th e typicalit y 
of  th e perso n i n eac h o f  th e sam e categories .  The y wer e 
instructe d t o expres s thei r  estimate s o n a  0-to- l  scale ,  wher e 
0 mean t  minima l  probabilit y  (typicality )  an d I  mean t 
maximal  probabilit y  (typicality) .  Eac h categor y triple t 
consiste d o f  tw o singl e categorie s an d a  thir d categor y 
representin g thei r  conjunction .  Fo r  example ,  a  subjec t  i n 
th e probabilit y  conditio n wh o rea d th e descriptio n o f  Lind a 
summarize d earlie r  migh t  hav e t o judg e th e probabilit y  tha t 
Lind a i s (1 )  a  ban k teller ,  (2 )  activ e i n th e feminis t 
movement ,  an d (3 )  a  ban k telle r  wh o i s activ e i n th e 
feminis t  movement ,  whil e a  correspondin g subjec t  i n th e 
typicalit y conditio n judge d Linda' s typicalit y i n th e 
categorie s "Peopl e wh o ar e ban k tellers, "  "Peopl e wh o ar e 
activ e i n th e feminis t  movement, "  an d "Peopl e wh o ar e ban k 
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teller s an d w h o ar e activ e i n th e feminis t  movement. "  Orde r 
of  constituen t  categorie s wa s randomized ,  wit h th e conjoin t 
categor y alway s appearin g last . 

Hal f  o f  th e conjunctions ,  suc h a s "ban k telle r  w h o i s 
activ e i n th e feminis t  movement, "  wer e "incompatible. " 
The othe r  hal f  o f  th e conjunctions ,  suc h a s "teache r  w h o i s 
activ e i n th e feminis t  movement , "  wer e "compatible. " 
Shafi r  e t  al .  (1990 )  define d a n incompatibl e conjunctio n i n 
feature-matchin g term s a s on e whos e constituent s shar e fe w 
propertie s an d a  compatibl e conjunctio n a s on e whos e 
constituent s shar e m a n y properties .  Althoug h w e prefe r  no t 
t o defin e compatibilit y  i n thi s way ,  i t  shoul d b e intuitivel y 
clea r  tha t  th e tw o type s o f  conjunctio n diffe r  i n h o w wel l 
the y "fi t  together. "  (Th e compatibilit y  facto r  di d no t  affec t 
th e result s reporte d i n thi s pape r  an d therefor e wil l  no t  b e 
discussed  further. )  Thre e o f  th e eigh t  personalit y 
description s an d thei r  associate d conjunction s (whic h wil l 
be use d fo r  th e purpos e o f  illustratio n later )  appea r  below . 
Compatibl e conjunction s ar e labele d "C "  an d incompatibl e 
conjunction s "I. " 

Linda is 31, single, outspoken, and very bright. She 
majore d i n philosophy .  I n college ,  sh e wa s concerne d wit h 
issue s o f  discriminatio n an d socia l  justic e an d participate d i n 
antinuclea r  demonstrations . 

C:  teache r  w h o i s activ e i n th e feminis t  movemen t 
I :  ban k telle r  w h o i s activ e i n th e feminis t  movemen t 

Jack began his job immediately after completing high 
school .  H e frequentl y talk s o n hi s C B radi o an d goe s t o 
sportin g event s whe n h e can . 

C:  truc k drive r  w h o play s softbal l  fo r  a  hobb y 
I :  truc k drive r  w h o watche s bird s fo r  a  hobb y 

Richard is 50 years old. He loves his job, but is not very 
wel l  like d b y hi s colleagues .  H e i s single ,  shy ,  an d doe s no t 
lik e t o g o ou t  o n socia l  events . 

C:  enginee r  w h o collect s stamp s fo r  a  hobb y 
I :  enginee r  w h o play s volleybal l  fo r  a  hobb y 

Data Analysis and Results 

We first  repor t  o n subjects '  quantitativ e estimate s an d the n 
presen t  ou r  qualitativ e analysi s o f  thei r  writte n 
justifications . 

Quantitative estimates 

Consisten t  wit h previou s studies ,  w e foun d tha t  th e m e a n 
probabilit y  an d typicalit y estimate s fo r  a  give n categor y i n a 
give n ite m wer e positivel y correlated .  Th e Spearma n 
correlation s betwee n th e tw o type s o f  estimate s fo r  matchin g 
item s wer e .7 1 fo r  constituent s an d .7 8 fo r  conjunctions . 
We compute d th e paralle l  correlation s fro m th e dat a reporte d 
by Shafi r  e t  al .  (1990 )  an d foun d the m t o b e .9 1 an d .7 3 fo r 
constituent s an d conjunctions ,  respectively .  Thus ,  w e 
replicate d th e genera l  finding  tha t  probabilit y  an d typicalit y 
estimate s i n th e conjunctio n tas k ar e positivel y correlated . 
I n th e nex t  sectio n w e repor t  result s tha t  she d ligh t  o n th e 
natur e o f  thi s correspondenc e a t  th e leve l  o f  processing . 

I n th e probabilit y  condition ,  2 4 % o f  subject s (1 9 ou t  o f 
80 )  estimate d th e probabilit y  o f  th e conjunctio n t o b e greate r 
tha n on e o r  bot h o f  th e constituents ,  i.e. ,  violate d th e 
conjunctio n rule .  I n th e typicalit y condition ,  4 6 % o f 
subject s (3 7 ou t  o f  80 )  estimate d th e typicalit y o f  th e 
instanc e i n th e conjoin t  categor y t o excee d it s typicalit y i n 
on e o r  bot h constituen t  categories .  Althoug h ou r  finding  o f 
2 4 % violation s m a y see m t o contradic t  th e result s o f  othe r 
studies ,  i n whic h u p t o 8 7 % o f  subject s violate d th e 
conjunctio n rul e i n th e Lind a problem ,  Tversk y an d 
Kahneman (1983 )  themselve s foun d tha t  a s fe w a s 3 6 % o f 
subject s violate d th e conjunctio n rul e i n th e Lind a proble m 
unde r  som e conditions. ^  Becaus e Shafi r  e t  al .  (1990 )  di d 
not  repor t  th e percentage s o f  violation s b y item ,  w e coul d 
not  directl y compar e ou r  result s o n thi s measur e t o their s i n 
eithe r  condition . 

We believ e tha t  som e probabilit y  an d typicalit y subject s 
whos e conjoin t  estimate s di d no t  excee d eithe r  constituen t 
estimat e allowe d th e conjunctio n rul e t o guid e thei r 
judgments .  F ro m th e binar y measur e o f  conjunctio n rul e 
violations ,  i t  i s  impossibl e t o tel l  whethe r  th e probabilit y 
subject s w h o di d no t  violat e th e rul e followe d i t 
systematicall y o r  inadvertently .  Similariy ,  on e canno t  tel l  i f 
th e typicalit y subject s intentionall y applie d th e conjunctio n 
rule .  However ,  w e ca n begi n t o answe r  thi s questio n 
indirectl y b y lookin g a t  th e estimate s t o se e wha t  percentag e 
of  subject s gav e conjoin t  estimate s exactl y equa l  t o th e 
lowe r  o f  thei r  tw o constituen t  estimates .  A  hig h percentag e 
woul d sugges t  tha t  thes e subject s allowe d th e lowe r  o f  th e 
tw o constituen t  estimate s t o constrai n th e conjoin t  estimate . 

I n suppor t  o f  th e notio n tha t  som e subject s intentionall y 
use d th e conjunctio n rule ,  3 9 % o f  probabilit y  subject s w h o 
di d no t  violat e th e rul e (2 4 ou t  61 )  gav e a  conjoin t  estimat e 
equa l  t o th e lowe r  o f  th e tw o constituen t  estimates .  O f  th e 
typicalit y subject s whos e conjoin t  estimate s di d no t  excee d 
th e lowe r  o f  th e tw o constituen t  estimates ,  4 7 % (2 0 ou t  o f 
43 )  m a d e th e tw o estimate s equal .  I t  m a y no t  b e surprisin g 
tha t  som e probabilit y  subject s see m t o hav e applie d th e 
conjunctio n rule .  I t  i s  surprising ,  however ,  tha t  som e 
typicalit y subject s see m t o hav e don e so .  Thi s quantitativ e 
resul t  i n th e typicalit y conditio n i s strikin g fo r  tw o reasons : 
(1 )  O n e canno t  reasonabl y argu e tha t  th e conjunctio n rul e 
applie s t o typicalit y judgmen t  an d i t  seem s highl y unlikel y 
tha t  peopl e ar e eve r  instructe d tha t  i t  does ;  (2 )  Relativ e t o 
th e les s typica l  constituent ,  th e conjoin t  categor y wa s 
alway s mor e simila r  t o th e instanc e fro m a  feature-matchin g 
perspective .  Th e ide a tha t  typicalit y subject s applie d 
statistica l  strategie s t o thei r  judgment s wil l  receiv e furthe r 
suppor t  fro m th e analysi s o f  justification s presente d below . 

^Thi s lo w percentag e o f  violation s wa s foun d i n a 
statisticall y sophisticate d populatio n o f  graduat e studen t 
subject s wh o use d ratin g scale s rathe r  tha n ranking s t o mak e 
thei r  responses .  W e thin k tha t  th e Universit y o f  Chicag o 
undergraduat e subject s i n ou r  stud y ma y b e comparabl e t o tha t 
populatio n i n statistica l  knowledg e an d tha t  th e 0- 1 estimatio n 
respons e mod e i s mor e analogou s t o a  ratin g scal e tha n a 
rankin g respons e mode ,  makin g thi s th e mos t  appropriat e stud y 
t o whic h t o compar e th e presen t  one . 
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Justification s o f  estimate s 

I n general ,  th e conten t  o f  th e justification s challenge d 
feature-matchin g assumption s abou t  bot h representatio n an d 
processing .  A s fo r  representation ,  w e foun d tha t  subject s i n 
bot h condition s ofte n wen t  beyon d th e informatio n give n i n 
th e personalit y descriptio n an d reasone d usin g thei r  enriche d 
representation s o f  th e instances .  I n particular ,  subject s 
inferre d feature s o f  th e instanc e tha t  the y the n use d t o mak e 
thei r  judgments .  Thes e inferre d feature s naturall y affecte d 
th e selectio n o f  categor y feature s tha t  wer e brough t  t o bea r 
on th e judgment .  Th e fac t  tha t  subject s inferre d feature s i n 
th e conjunctio n tas k highlight s a  weaknes s o f  feature -
matchin g model s firs t  pointe d ou t  b y Tversk y (1977 ) 
himself :  The y fai l  t o specif y th e feature s o f  instanc e an d 
categor y tha t  ente r  int o th e featur e comparison .  I n addition , 
our  finding  tha t  th e "features "  inferre d wer e i n som e case s 
event s rathe r  tha n propertie s seem s incompatibl e wit h th e 
slot-valu e representation s o f  categorie s assume d b y feature -
matchin g models . 

T o stud y processing ,  w e ha d on e judg e categoriz e th e 
justification s fro m bot h condition s usin g a  schem e 
develope d o n justification s collecte d i n a  pilo t  study .  Th e 
judg e wa s traine d o n th e pilo t  justification s an d wa s blin d 
bot h t o conditio n (probabilit y  o r  typicality )  an d th e purpos e 
of  th e experiment .  I t  wa s possibl e fo r  a  justificatio n fo r  a 
singl e estimat e t o fal l  i n mor e tha n on e category . 

T h e fou r  codin g categorie s ar e explicate d below . 
Example s ar e show n afte r  eac h categor y definitio n (excep t 
Other )  an d ar e labele d "T "  o r  "P "  t o indicat e th e conditio n 
(typicalit y o r  probability )  fro m whic h the y wer e drawn .  Th e 
justification s fo r  1 7 % o f  th e constituen t  estimate s an d 4 0 % 
of  th e conjoin t  estimate s wer e omitte d from  analysi s becaus e 
subject s di d no t  writ e anythin g o r  wrot e statement s tha t 
coul d no t  b e categorized . 

Feature comparison. Feature comparison involved 
mentionin g a  featur e o f  th e instanc e o r  categor y an d eithe r 
pointin g ou t  o r  implyin g th e presenc e o r  absenc e o f  tha t 
featur e i n th e othe r  entity .  Feature s o f  th e instanc e coul d b e 
directl y quoted ,  paraphrased ,  o r  inferre d fro m th e give n 
description .  Example s o f  featur e compariso n justifications : 

P: It appears very likely that Linda is an active feminist, 
becaus e sh e i s outspoke n an d intereste d i n debate s ove r 
socia l  issues .  Thi s coul d m e a n tha t  sh e i s a n 
ultraconservativ e antifeminist ,  bu t  i t  doesn' t  see m logica l 
becaus e he r  opp)Ositio n t o nuclea r  powe r  seem s t o connec t 
her  wit h left-win g rathe r  tha n conservativ e ideas . 

P: [Jack is] too aggressive to watch birds. 

T: People who play volleyball play on a team, which 
implie s tha t  the y ar e social .  Richar d i s no t  lik e this . 

T: Truck drivers use CB radios while on the job and often 
ar e know n (o r  stereotyped )  t o watc h sports . 

Causa l  reasoning .  W h e n a  justificatio n specifie d h o w a 
featur e o f  th e perso n o r  a  hypothesize d se t  o f  circumstance s 
coul d caus e th e perso n t o b e o r  no t  t o b e a  m e m b er  o f  th e 
category ,  the n i t  wa s considere d t o sho w evidenc e o f  causa l 
reasoning .  Th e mos t  c o m m o n typ e o f  causa l  reasonin g 
involve d constructio n o f  a  hypothetica l  scenari o abou t  th e 
instanc e tha t  wa s the n evaluate d fo r  it s plausibility . 
Whethe r  o r  no t  th e causa l  scenari o wa s accepte d a s plausibl e 
or  rejecte d a s implausibl e b y th e subject ,  th e justificatio n 
was pu t  i n thi s categor y i f  a  causa l  mechanis m wa s 
specified .  Example s o f  causa l  reasonin g justifications : 

P: If she was a teacher, she would appear to be a rebel and 
mor e tha n likel y b e fired  fo r  teachin g i n wha t  th e schoo l 
woul d believ e t o b e a n inappropriat e wa y o f  teaching . 

T: Volleyball is a team sport. A shy person is unlikely to 
pla y a  spor t  tha t  require s findin g 9  othe r  peopl e i n orde r  t o 
play . 

T: This could be a temporary job for Linda. 

Statistical and mathematical reasoning. W e 
identifie d fou r  type s o f  statistica l  an d mathematica l 
justifications :  base-rate ,  "general, "  conjunctio n rule ,  an d 
averagin g rule . 

Base-rat e an d genera l  statistica l  o r  mathematica l 
justification s wer e use d fo r  bot h constituent s an d 
conjunctions .  Base-rat e justification s too k int o accoun t  th e 
subject' s estimat e o f  th e percentag e o f  instance s i n a 
referenc e clas s (e.g. ,  al l  people ,  men ,  31-year-olds )  tha t  fal l 
i n a  particula r  categor y (e.g. ,  peopl e w h o ar e teachers) . 
Genera l  justification s mentione d statistic s o r  mathematic s a s 
a consideratio n bu t  faile d t o specif y h o w statistic s o r 
mathematic s wa s use d t o mak e th e estimate .  Example s o f 
base-rat e an d genera l  justifications : 

P: I think because an engineer is independent of collecting 
stamp s an d I  gues s hal f  o f  th e peopl e collec t  stamps . 

T: While it is not unreasonable for him to be one or the 
other ,  I  imagin e th e percentag e o f  bird-watchin g truc k driver s 
i s low ,  s o Jac k ha s a  smal l  categor y i n whic h t o fit. 

P: This would be the lowest probability because of the 
statistic s involved . 

T: Two qualifications are less likely to be had than either 
alone . 

The remaining two types of statistical and mathematical 
justificatio n cite d rule s fo r  combinin g th e constituen t 
estimate s an d thu s coul d onl y b e use d t o justif y conjoin t 
estimates .  Conjunctio n rul e justification s wer e verba l 
expression s o f  th e constrain t  tha t  th e lowe r  o f  th e tw o 
constituen t  estimate s place s a n uppe r  limi t  o n th e conjoin t 
estimat e o r  algebrai c o r  arithmeti c statement s o f  th e 
multiplicatio n rul e fo r  independen t  events .  Averagin g rul e 
justification s state d tha t  th e conjoin t  estimat e wa s derive d b y 
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quantitativ e o r  qualitativ e averagin g o f  th e constituen t 
estimates .  Fo r  combinin g probabilities ,  th e averagin g rul e 
was incorrec t  fro m a  normativ e standpoin t  bu t  wa s stil l 
considere d t o b e a  mathematica l  strategy .  Example s o f 
conjunctio n rul e an d averagin g justifications : 

P: Mathematically, the odds of her being a bank teller and 
activ e i n th e feminis t  movemen t  mus t  b e les s tha n (o r  equa l 
to )  th e odd s o f  he r  jus t  bein g a  ban k teller . 

P: I multiplied the probabilities #1 and #2 [the constituent 
estimates ]  togethe r  t o com e u p wit h thi s estimate .  I  gues s 
i t  ca n b e sai d tha t  ver y lo w X  ver y lo w =  eve n lower . 

T: I multiplied my first estimate by the second estimate 
becaus e i t  seeme d th e mos t  logica l  thin g t o do . 

T: [The conjoint estimate is] the average of the first two. 

Other. This catch-all category included indifference and 
conceptua l  combinatio n justifications .  I f  a  justificatio n sai d 
tha t  i t  wa s impossibl e t o mak e a n estimat e o r  tha t  th e 
perso n wa s a s likel y a s no t  t o b e i n th e categor y an d th e 
quantitativ e estimat e wa s .50 ,  the n i t  wa s categorize d a s 
indifference .  Judgment s o f  indifferenc e wer e qualitativel y 
differen t  fro m al l  other s i n tha t  the y represente d reaction s t o 
th e tas k rathe r  tha n response s t o th e questio n pose d i n th e 
tas k (se e als o th e Dic k proble m i n Kahnema n &  Tversky , 
1973) .  Conceptua l  combinatio n justification s m a d e 
assertion s abou t  th e plausibilit y  o f  th e conjunctio n 
independen t  o f  th e instance .  Th e latte r  ofte n ha d th e flavor 
of  base-rat e justification s (e.g. ,  " I  don' t  thin k thi s categor y 
exists, "  "Wha t  graduat e studen t  goe s t o fashio n shows?") , 
but  wer e tallie d separatel y fo r  th e sak e o f  conservatism . 

The percentages of justifications that fell in each category 
ar e show n i n Tabl e 1 .  Becaus e th e possibl e justificatio n 
type s differe d fo r  constituent s an d conjunctions ,  th e result s 
ar e broke n d o w n b y categor y typ e (constituen t  o r 
conjunction )  a s wel l  a s b y experimenta l  conditio n 
(probabilit y  o r  typicality) .  Fo r  constituent s (to p panel) ,  th e 
statistica l  an d mathematica l  justification s ar e al l  o f  th e base -
rat e subtype .  Conjunctio n rul e justification s accounte d fo r 
6 5 % an d 5 9 % o f  statistica l  an d mathematica l  justification s 
i n th e probabilit y  an d typicalit y conditions ,  respectively . 
Conceptua l  combinatio n justification s accounte d fo r  7 7 % 
and 7 8 % o f  Othe r  justification s i n th e tw o conditions , 
respectively . 

Examinatio n o f  th e Tabl e 2  show s tha t  fo r  constituen t 
categories ,  featur e compariso n i s b y fa r  th e mos t  c o m m o n 
typ e o f  justificatio n give n fo r  bot h probabilit y  an d typicalit y 
judgments .  Th e distribution s o f  th e othe r  type s o f 
justificatio n ar e comparabl e i n th e tw o conditions ,  wit h 
base-rat e justification s an d statement s o f  indifferenc e slightl y 
mor e c o m m o n i n th e probabilit y  tha n i n th e typicalit y 
condition .  Fo r  conjunctions ,  however ,  featur e compariso n 
Justification s wer e no t  i n th e majorit y i n eithe r  condition . 
I n bot h conditions ,  th e distributio n fo r  conjunction s i s 
concentrate d i n th e statistica l  an d mathematica l  an d Othe r 
categories . 

Tabl e 1 :  Percentage s o f  justificatio n types . 

Constituents 

pro b 
N=I4 7 

typ 
N=139 

Featur e Causa l  StatMat h Othe r 

74 8 9 9 

84 8 

Conjunction s 

Feature Causal StatMat h Othe r 

pro b 
N=50 

typ 
N = 50 

18 

38 

10 

10 

46 

34 

26 

18 

The shif t  fro m featur e compariso n t o statistica l  an d 
mathematica l  justification s a s on e move s fro m constituent s 
t o conjunction s suggest s tha t  th e underlyin g processin g 
depend s o n th e complexit y o f  th e categor y bein g considered . 
Whil e comparin g th e feature s o f  a n instanc e t o a  constituen t 
categor y m a y b e straightforwar d becaus e th e categor y 
feature s ca n b e retrieve d fro m memory ,  comparin g the m t o a 
conjoin t  categor y firs t  require s representin g th e conjoin t 
category .  A s ha s bee n pointe d ou t  b y man y theorist s (e.g. , 
by Murph y an d Medin ,  1985) ,  conjoin t  categorie s ar e no t 
forme d b y mergin g featur e lists ,  bu t  b y mor e comple x 
cognitiv e processe s suc h a s causa l  reasoning .  O n e wa y o f 
approachin g th e conjunctio n tas k i s t o for m a  conjoin t 
categor y representatio n b y suc h processe s an d the n t o 
compar e feature s o f  instanc e an d category .  Anothe r  wa y i s 
t o borro w combinatio n rule s fro m statistic s an d mathematic s 
t o deriv e a  conjoin t  estimate .  Th e justification s collecte d i n 
our  stud y sugges t  tha t  som e subject s too k th e latte r 
approac h t o generatin g conjoin t  estimates . 

Discussion 

The result s o f  ou r  analysi s o f  subjects '  justification s spea k 
t o th e similarity-as-compariso n an d similarity-as-explanatio n 
assumption s i n a  wa y tha t  quantitativ e estimate s alon e 
cannot .  T o th e exten t  tha t  th e justification s revea l 
underlyin g processing ,  probabilit y  an d similarit y judgmen t 
involv e mor e tha n featur e comparison .  Particularl y whe n 
judgin g th e probabilit y  o r  typicalit y o f  instance s i n conjoin t 
categories ,  som e subject s justifie d thei r  estimate s b y citin g 
causa l  o r  statistica l  an d mathematica l  consideration s tha t 
canno t  b e incorporate d int o traditiona l  feature-compariso n 
model s o f  similarit y judgment . 

One wa y t o preserv e th e notio n o f  similarit y judgmen t 
strictl y a s a  proces s o f  compariso n migh t  b e t o argu e tha t 
processe s othe r  tha n featur e compariso n ar e distinc t  fro m 
similarit y judgmen t  bu t  ar e sometime s use d i n additio n t o 
similarit y t o solv e a  particula r  task .  Bu t  i n tha t  case ,  i t  i s 
difficul t  t o argu e categoricall y tha t  similarit y judgmen t  i s 
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made i n lie u o f  probabilit y  judgment ,  sinc e eve n i n th e 
typicalit y conditio n featur e compariso n wa s onl y on e o f 
severa l  type s o f  justification .  Indeed ,  on e coul d argu e fro m 
th e findin g tha t  som e subject s borrowe d statistica l  an d 
mathematica l  rule s t o mak e thei r  typicalit y estimate s tha t 
probabilit y  judgmen t  ca n als o underli e similarit y judgment . 
Our  result s validat e similarity-base d explanation s o f 
probabilisti c  reasonin g t o th e exten t  tha t  th e similarit y an d 
probabilit y  judgmen t  task s elicite d simila r  inferentia l 
processes ,  includin g compariso n o f  features .  However , 
featur e compariso n wa s onl y on e o f  th e processe s o f  whic h 
we foun d evidence . 

Not  onl y d o ou r  result s sugges t  th e nee d t o rethin k th e 
rol e o f  similarit y a s an  explanatio n o f  othe r  cognitiv e 
processes ,  bu t  th e nee d t o chang e ou r  conceptualizatio n o f 
similarit y judgmen t  itself .  Th e justification s collecte d fro m 
typicalit y subject s i n ou r  stud y sugges t  tha t  the y reaso n 
abou t  similarit y i n term s o f  plausibilit y an d probabilit y a s 
wel l  a s i n term s o f  featur e comparison .  I n th e cas e o f  causa l 
scenarios ,  the y evaluate d th e plausibilit y o f  an  even t 
sequence ,  beginnin g wit h th e instanc e a s describe d an d 
endin g wit h th e instanc e a s categor y member  o r  nonmembe r 
(se e als o Basso k &  Medin ,  thi s volume) .  I n an  eve n cleare r 
departur e fro m similarit y judgmen t  a s featur e comparison , 
some subject s borrowe d statistica l  an d mathematica l 
strategie s suc h a s base-rat e estimatio n an d th e multiplicatio n 
rul e fo r  independen t  event s t o estimat e typicality .  I t  shoul d 
be note d tha t  causa l  an d statistica l  strategie s fo r  solvin g bot h 
judgmen t  task s wer e no t  use d t o th e exclusio n o f  featur e 
comparison .  Furthe r  analysi s o f  th e writte n justification s i s 
expecte d t o she d ligh t  o n h o w individua l  subject s deploye d 
th e differen t  strateg y types . 

I n principle ,  th e ecologicall y vali d positiv e cortelatio n 
betwee n similarit y an d probabilit y ca n b e exploite d fo r  th e 
purpos e o f  makin g eithe r  typ e o f  judgment :  Similarit y ca n 
be use d a s a  heuristi c forjudgin g probabilit y  an d probabilit y 
ca n b e use d a  heuristi c fo r  judgin g similarity .  Th e 
ambiguit y o f  bot h judgmen t  task s ma y lea d subject s t o loo k 
t o othe r  dimension s abou t  whic h the y ar e knowledgeabl e fo r 
guidanc e i n definin g th e task s an d i n makin g thei r 
judgments .  Althoug h th e statistica l  an d mathematica l 
knowledg e o f  subject s i n th e presen t  stud y ma y b e greate r 
tha n tha t  o f  subject s i n mos t  previou s conjunctio n tas k 
studies ,  th e fac t  tha t  the y relie d o n suc h knowledg e t o guid e 
thei r  typicalit y judgment s nevertheles s ha s broa d 
implication s becaus e the y als o hav e knowledg e o f  featur e 
comparison .  Th e poin t  i s  tha t  subject s dre w o n knowledg e 
outsid e o f  featur e compariso n t o mak e bot h similarit y an d 
probabilit y  judgments ,  usin g a  variet y o f  knowledg e source s 
t o guid e th e judgmen t  the y wer e require d t o make .  W e 
conclud e that ,  becaus e i t  involve s inferentia l  processe s othe r 
tha n featur e comparison ,  similarit y judgmen t  a s i t  ha s bee n 
define d canno t  necessaril y  serv e a s a  unidirectiona l 
explanatio n o f  othe r  cognitiv e processes . 

R e f e r e n c e s 

Bassok ,  M .  &  Medin ,  D .  L .  (1995) .  Structura l  an d themati c 
alignment s i n similarit y judgments .  I n Proceeding s o f  th e 
Seventeent h Annua l  Cognitiv e Scienc e Societ y (thi s 
volume) .  Hillsdale ,  NJ :  Lawrenc e Eribaum . 

Goldstone ,  R .  L. ,  Medin ,  D .  L. ,  &  Centner ,  D .  (1991) . 
Relationa l  similarit y an d th e nonindependenc e o f  feature s 
i n similarit y judgments .  Cognitiv e Psychology ,  23 ,  222 -
262 . 

Goodman,  N .  (1972) .  Seve n stricture s o n similarity .  I n N . 
Goodman (Ed.) ,  Problem s an d project s (pp .  437-447) . 
N ew York :  Bobbs-Merrill . 

Kahneman,  D. ,  &  Tversky ,  A .  (1972) .  Subjectiv e 
probability :  A  judgmen t  o f  representativeness .  Cognitiv e 
Psychology ,  3 ,  430-454 . 

Kahneman,  D. ,  &  Tversky ,  A .  (1973) .  O n th e psycholog y 
of  prediction .  Psychologica l  Review ,  80,237-251 . 

Markman ,  A .  B. ,  &  Centner ,  D .  (1990) .  Similarit y 
involvin g attribute s an d relations :  Judgment s o f 
similarit y an d differenc e ar e no t  inverse .  Psychologica l 
Science ,  1 ,  64-69 . 

Medin ,  D .  L. ,  Goldstone ,  R .  L. ,  &  Centner ,  D .  (1993) . 
Respect s fo r  similarity .  Psychologica l  Review ,  100 ,  254 -
278 . 

Murphy .  C .  L. ,  an d Medin ,  D .  L .  (1985) .  Th e rol e o f 
theorie s i n conceptua l  coherence .  Psychologica l  Review , 
92 ,  289-316 . 

Shafir ,  E .  B. ,  Smith ,  E .  E. ,  &  Osherson ,  D .  N .  (199) . 
Typicalit y an d reasonin g fallacies .  M e m o r y an d 
Cognition ,  18 ,  229-239 . 

Smith ,  E.E. ,  &  Osherson ,  D .  N .  (1984) .  Conceptua l 
combinatio n wit h prototyp e concepts .  Cognitiv e Science , 
8,  337-361 . 

Smith ,  E.E. ,  &  Osherson ,  D .  N .  (1989) .  Similarit y an d 
decisio n making .  I n S .  Vosniado u &  A .  Orton y (Eds.) , 
Similarit y an d analogica l  reasonin g (pp .  60-75) . 
Cambridge :  Cambridg e Universit y Press . 

Smith ,  E.E. ,  Osherson ,  D .  N. ,  Rips ,  L .  J. ,  &  Keane ,  M . 
(1988) .  Combinin g prototypes :  A  selectiv e modificatio n 
model .  Cognitiv e Science ,  12,485-527 . 

Tversky ,  A .  (1977) .  Feature s o f  similarity .  Psychologica l 
Review ,  84 ,  327-352 . 

Tversky ,  A. ,  &  Cati ,  I .  (178) .  Studie s o f  similarity .  I n E . 
Rosc h &  B .  Lloy d (Eds.) ,  Cognitio n an d Categorizatio n 
(pp .  79-98) .  Hillsdale ,  NJ :  Eribaum . 

Tversky ,  A. ,  &  Kahneman ,  D .  (1983) .  Extensiona l  versu s 
intuitiv e reasoning :  Th e conjunctio n fallac y i n 
probabilit y  judgment .  Psychologica l  Review ,  90 ,  293 -
315 . 

Acknowledgment s 

Th e presen t  stud y wa s supporte d b y a  gran t  fro m th e 
Universit y o f  Chicag o Schoo l  Mathematic s Projec t  t o 
Miria m Bassok .  W e than k Boa z Keysa r  an d Bet h Hage n fo r 
thei r  helpfu l  comment s o n an  earlie r  draf t  o f  thi s paper . 

448 


	Cogsci_1995_443-448



