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T h e Differentia l  Effect s o f  C a u s e s o n Categorizatio n a n d Similarit y 

Bob Rehde r  (rehder@psych.colorado.edu ) 
Departmen t  o f  Psycholog y 

Universit y  o f  Colorado ,  Boulder ,  C O 8030 9 

Reid Hastie (reid.ha$tie@colorado.edu) 
Departmen t  o f  Psycholog y 

Universit y  o f  Colorado ,  Boulder ,  C O 8030 9 

Abstrac t 

Does categorization involve more than the similarity of an 
ite m t o a  categor y prototyp e o r  othe r  categor y members ? 
Rip s (1989 )  argue s yes ,  becaus e categorizatio n an d 
similarit y rating s sometime s diverge ,  indicatin g tha t  the y 
ar e base d o n differen t  factors .  However ,  Smit h an d Sloma n 
(1994 )  sugges t  tha t  suc h categorization/similarit y 
dissociation s ma y b e limite d t o specia l  conditions .  W e 
examine d th e effec t  o f  causa l  relationship s betwee n 
categor y attribute s o n categorizatio n an d similarity ,  an d 
foun d tha t  causa l  knowledg e ha d a  muc h large r  effec t  o n 
categorizatio n tha n o n similarity .  Thi s resul t  wa s obtaine d 
wit h stimul i  ric h i n characteristi c attribute s an d withou t 
participant s thinkin g aloud ,  tha t  is ,  i n jus t  thos e 
condition s wher e Smit h an d Sloma n foun d categorizatio n 
t o b e solel y similarity-based .  Thus ,  th e categorization / 
similarit y dissociatio n demonstrate d b y Rip s i s aliv e an d 
well ,  an d th e nee d fo r  a n accoun t  o f  categorizatio n tha t 
goes beyon d similarit y i s agai n highlighted . 

The abilities to categorize and note similarities among 
object s an d event s ar e centra l  t o virtuall y al l  cognitiv e 
processes ,  includin g reasoning ,  proble m solving ,  decisio n 
making ,  an d m e m o r y storag e an d retrieval .  No t  surprisingl y 
then ,  researcher s hav e trie d har d t o unvei l  th e relationshi p 
betwee n categorizatio n an d similarity .  O n e possibilit y  tha t 
has receive d empirica l  suppor t  i s  tha t  categorizatio n largel y 
consist s o f  similarit y comparisons :  A n ite m wil l  b e place d 
i n a  categor y t o th e exten t  tha t  i t  i s  simila r  t o a  categor y 
prototyp e o r  t o othe r  categor y member s (Smit h &  Medin , 
1981) .  Thi s reductio n o f  categorizatio n t o similarity ,  i f  true , 
i s  importan t  becaus e i t  suggest s tha t  th e focu s o f  researc h 
shoul d b e o n similarit y itsel f  rathe r  tha n o n categorization . 

However ,  ther e i s als o evidenc e tha t  categorizatio n canno t 
alway s ca n b e reduce d t o similarity .  Fo r  example .  Rip s 
(1989 )  foun d tha t  whil e mos t  undergraduate s classifie d a 
nove l  ite m (e.g. ,  a  circula r  objec t  wit h a  3-inc h diameter ) 
int o a  variabl e categor y (e.g. ,  pizzas )  rathe r  tha n a  fixed-size 
one (e.g. ,  quarters) ,  the y judge d th e ite m t o b e mor e simila r 
t o th e fixed-size  categor y (se e als o Frie d &  Holyoak ,  1984 ; 
Rip s &  Collins ,  1993) .  Rip s als o foun d tha t  change s t o 
"essential "  propertie s o f  natura l  kind s tha t  ar e causally -
centra l  (e.g. ,  leve l  o f  maturation )  influence d categorizatio n 
more tha n similarit y (fo r  relate d researc h wit h children ,  se e 
Carey ,  1985 ;  G e l m a n &  We l lman ,  1991 ;  Keil ,  1989) . 
Becaus e categorizatio n rating s di d no t  alway s agre e wit h 
similarit y ratings ,  thes e studie s demonstrat e a  categorization / 

similarit y dissociatio n tha t  implie s tha t  categorizatio n ca n 
be base d o n somethin g beside s (o r  i n additio n to )  similarit y 
comparisons .  Fo r  example ,  categorizatio n m a y involv e th e 
applicatio n o f  rule s ("i f  i t  flies,  it' s a  bird" ,  Anderson ,  Kline , 
& Beasley ,  1979 ;  Nosofsky ,  Palmeri ,  &  McKinley ,  1994 ; 
Pazzani ,  1991) ,  o r  genera l  reasonin g processe s (Barsalou , 
1983 ;  M u r p h y &  Medin ,  1985) ,  suc h a s "inferenc e t o th e 
bes t  explanation "  (Harman ,  1986 ;  Rips ,  1989) . 

I n a  replicatio n o f  Rips '  (1989 )  stud y o f  th e effec t  o f 
variabilit y o n categorizatio n an d similarity .  Smit h an d 
Sloma n (1994 )  aske d unde r  wha t  condition s similarity -
versu s rule-base d categorizatio n i s triggered .  The y foun d n o 
evidenc e o f  a  categorization/similarit y dissociatio n w h e n th e 
nove l  ite m include d a  featur e characteristi c o f  th e fixed 
categor y (e.g. ,  a  circula r  objec t  wit h a  3-inc h diamete r  tha t 
i s  silve r  colored) ,  o r  w h e n thei r  participant s di d no t  thin k 
alou d whil e categorizin g (a s i n Rips '  study )  an d wer e aske d 
t o respon d "a s quickl y a s yo u ca n whil e bein g a s accurat e a s 
possible" .  Thes e result s sugges t  tha t  case s o f  categorizatio n 
tha t  involv e mor e tha n simpl e similarit y comparison s m a y 
be rare ,  limite d perhap s t o circumstance s wher e th e 
categorize r  feel s th e nee d t o justif y hi s o r  he r  decision ,  an d 
onl y wit h artificiall y  spars e stimuli . 

Categorizatio n i s s o centra l  t o al l  o f  cognitio n tha t  i t  i s 
crucia l  t o determin e unde r  wha t  condition s categorizer s 
emplo y rule s an d explanatory/causa l  reasonin g i n additio n t o 
similarit y relations .  A s discusse d above ,  demonstration s o f 
categorization/similarit y dissociation s hav e als o involve d 
causally-centra l  essentia l  attributes .  I n thi s stud y w e teste d 
whethe r  th e condition s tha t  eliminate d th e dissociatio n i n 
Smit h an d Sloma n (characteristi c feature s an d n o think -
alouds )  woul d als o eliminat e i t  wit h categorie s lade n wit h 
inter-attribut e causa l  relationships .  W e foun d tha t  th e 
presenc e o f  causa l  relationship s affecte d categorizatio n m u c h 
mor e tha n similarity ,  eve n wit h stimul i  ric h i n characteristi c 
feature s an d withou t  participant s thinking-aloud . 

Method 

Materials 

Our  goa l  wa s t o creat e material s tha t  describe d categorie s 
tha t  coul d reall y exist .  W e constructe d si x categories :  tw o 
biologica l  kind s (Keho e Ants ,  Lak e Victori a Shrimp) ,  tw o 
nonlivin g natura l  kind s (Myastars ,  Meteori c S o d i u m 
Carbonate) ,  an d tw o artifact s (Romania n Rogos ,  Neptun e 
Persona l  Computers) .  Eac h categor y ha d fou r  binar y 
attributes ,  th e value s o f  whic h wer e eithe r  abnorma l  o r 
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norma l  relativ e t o it s superordinat e category .  Fo r  eac h 
attribute ,  th e bas e rate s wer e describe d a s 7 5 % fo r  th e 
abnorma l  valu e an d 2 5 % fo r  th e norma l  value ,  whic h ar e 
hencefort h referre d t o a s th e characteristi c an d uncharacteristi c 
values .  Th e attribute s fo r  Keho e Ant s ar e show n i n Tabl e 1 . 

Table 1 

Al 

A2 

A3 

A4 

Attribut e 

ko n sulfat e 

i n bloo d 
Immune 
syste m 

Consistenc y 
of  bloo d 

Nest 
buildin g 

Characteristi c 
Valu e 

Hig h 

Hyperactiv e 

Thic k 

Fast 

Uncharacteristi c 
Valu e 

Normal 

Normal 

Normal 

Normal 

Whil e participant s i n th e contro l  conditio n wer e give n n o 
othe r  informatio n abou t  th e category ,  thos e i n th e common -
caus e an d common-effec t  condition s wer e als o taugh t  abou t 
thre e causa l  relationship s arrange d i n th e pattern s show n i n 
Figur e 1 .  I n th e common-caus e condition ,  on e attribute ,  A l , 
was th e caus e o f  th e othe r  thre e attributes ,  whil e i n th e 
common-effec t  condition ,  on e attribute ,  A 4 ,  wa s cause d b y 
th e othe r  thre e attributes .  Thes e causa l  pattern s hav e bee n 
usefu l  i n pas t  researc h (Waldmann ,  Holyoak ,  &  Fratianne , 
1995) ,  becaus e the y manifes t  th e asymmetrie s inheren t  i n 
causa l  (a s oppose d t o simpl y associative )  relationships : 
Whil e th e effec t  attribute s i n th e common-caus e patter n (A2 , 
A 3 ,  A 3 )  shoul d b e correlate d wit h on e anothe r  (becaus e the y 
hav e a  c o m m o n cause) ,  th e caus e attribute s o f  th e common -
effec t  patter n (Al ,  A 2 ,  A 3 )  shoul d no t  b e correlated . 

A1 

A1 A2 

A3 

A4 

Common-Cause Common-Effec t 

Figur e 1 

Eac h causa l  lin k wa s describe d a s th e characteristi c valu e 
of  on e attribut e causin g th e characteristi c valu e o f  anothe r 
attribute ,  an d include d som e detai l  o f  th e causa l  mechanis m 
involved .  Fo r  example ,  th e caus e linkin g A l  an d A 2 o f 
Keho e Ant s wa s describe d a s "Bloo d hig h i n iro n sulfat e 
cause s a  hyperactiv e immun e system .  Iro n sulfat e molecule s 
ar e detecte d a s foreig n b y th e immun e system ,  an d th e 
immune syste m i s highl y activ e a s a  result" . 

Participants 

25 2 Universit y o f  Colorad o undergraduate s receive d cours e 
credi t  fo r  participatin g i n thi s experiment ,  an d wer e 
randoml y assigne d i n equa l  number s t o on e o f  th e si x 
categories ,  an d t o eithe r  th e common-cause ,  th e common -
effect ,  o r  th e contro l  condition . 

Procedur e 

Al l  phase s o f  th e experimen t  wer e conducte d b y computer . 
Participant s first  studie d severa l  screen s o f  informatio n abou t 
th e categor y a t  thei r  o w n pace .  Participant s i n th e contro l 
conditio n receive d a  cove r  story ,  attributes ,  an d attribut e 
value s an d thei r  bas e rate s (75%/25 % fo r  th e characteristic / 
uncharacteristi c  values) .  Participant s i n th e common-caus e 
and common-effec t  condition s als o receive d a  descriptio n o f 
thre e causa l  relationships ,  an d a  diagra m depictin g thos e 
relationships .  W h e n ready ,  participant s too k a  multiple -
choic e tes t  tha t  teste d the m o n th e knowledg e the y ha d jus t 
studied .  Participant s coul d reques t  hel p whic h le d th e 
compute r  t o re-presen t  th e informatio n abou t  th e category . 
Participant s wer e require d t o retak e th e tes t  unti l  the y 
committe d 0  error s an d mad e 0  request s fo r  help . 

Participant s the n performe d thre e task s (counterbalance d 
fo r  order) :  a  categorizatio n task ,  a  similarit y ratin g task ,  an d 
an inductio n task .  (Spac e limitation s preven t  u s fro m 
reportin g th e inductio n results ,  whic h ar e no t  discusse d 
further. )  Durin g th e categorizatio n task ,  participant s rate d th e 
categor y membershi p o f  exemplar s o n a  20-poin t  scale . 
Ther e wer e 3 2 exemplars ,  consistin g o f  al l  possibl e 1 6 
example s tha t  coul d b e forme d fro m fou r  binar y attributes , 
eac h presente d twice .  Th e attribut e value s o f  eac h exempla r 
wer e presente d i n orde r  (1-4 )  o n th e compute r  screen . 

Durin g th e similarit y task ,  participant s rate d th e similarit y 
of  tw o exemplar s o n a  9-poin t  scale .  Participan t  rate d 3 2 
pair s o f  exemplar s randoml y generate d subjec t  t o th e 
constrain t  tha t  n o pai r  wa s repeate d an d th e pai r  neve r 
consiste d o f  th e sam e exemplar .  N o feedbac k wa s provide d 
durin g eithe r  th e categorizatio n o r  similarit y tasks . 

Results 

We repor t  result s o f  th e categorizatio n tas k an d th e 
similarit y task .  T o facilitat e comparisons ,  rating s fro m bot h 
task s wer e first  converte d t o a  0-10 0 scale . 

Categorization Results 

The categorizatio n result s wer e analyze d b y performin g a 
multipl e regressio n fo r  eac h participant .  Fou r  predicto r 
variable s (ai ,  a2 ,  &3 ,  m )  wer e code d a s - 1 i f  th e attribut e 
valu e wa s uncharacteristic ,  an d + 1 i f  i t  wa s characteristic . 
The regressio n weigh t  associate d wit h eac h a j  represent s th e 
influenc e o f  tha t  attribut e o n a  participant' s categorizatio n 
ratings .  Positiv e weight s wil l  resul t  i f  participant s mak e us e 
of  th e 7 5 % / 2 5 % bas e rate s fo r  characteristi c an d 
uncharacteristi c values ,  tha t  is ,  i f  a  characteristi c valu e 
increase s th e categorizatio n ratin g an d a n uncharacteristi c 
valu e decrease s it .  A n additiona l  si x predicto r  variable s wer e 
constructe d b y computin g th e multiplicativ e interactio n 
betwee n eac h pai r  o f  attributes :  aia2 ,  aia3 ,  aia4 ,  a2a4 , 
a3a4 ,  an d a2a3 .  Th e resultin g interactio n term s ar e code d a s 
- 1 i f  on e o f  th e attribute s ha s a n uncharacteristi c valu e an d 
th e othe r  a  characteristi c  value ,  an d -i- l  i f  th e value s ar e bot h 
characteristi c o r  bot h uncharacteristic .  Thes e interactio n 
term s ca n b e considere d second-orde r  configura l  propertie s 
lik e thos e assume d b y feature-frequenc y model s o f 
categorizatio n (Hayes-Rot h &  Hayes-Roth ,  1977) .  Fo r  thos e 
attribut e pair s o n whic h a  causa l  relationshi p wa s defined . 
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th e configura l  propert y ca n b e interprete d a s representin g 
whethe r  th e causa l  relationshi p i s confirme d (+1 ,  caus e an d 
effec t  bot h presen t  o r  bot h absent )  o r  violate d (-1 ,  caus e 
presen t  an d effec t  absent ,  o r  caus e absen t  an d effec t  present) . 
The regressio n weigh t  associate d wit h suc h a  configura l 
propert y i s th e influenc e tha t  confirmatio n o r  violatio n o f  a 
causa l  relationshi p ha d o n categorizatio n ratings ,  wit h a 
positiv e weigh t  indicatin g tha t  confirmatio n lead s t o a 
highe r  categorizatio n ratin g an d violatio n t o a  lowe r  one . 

The regressio n weight s average d ove r  participant s i n th e 
common-cause ,  common-effect ,  an d contro l  condition s ar e 
presente d i n Figur e 2 .  A s expected ,  i n al l  condition s th e 
weight s give n t o th e fou r  attribute s (ai ,  a2 ,  as ,  &4 )  wer e 
positive ,  indicatin g tha t  participant s use d th e bas e rat e 
informatio n whe n generatin g categorizatio n ratings .  I n 
addition ,  i n th e common-effec t  condition ,  th e common-effec t 
(34 )  ha d greate r  weigh t  (8.11 )  tha n th e thre e cause s (7.02 , 
5.64 ,  an d 4.3 2 fo r  ai ,  a2 ,  an d 33 ,  respectively) .  I n th e 
common-caus e condition ,  th e common-caus e (aj )  carrie d 
greate r  weigh t  (8.54 )  tha n th e thre e effect s (3.94 ,  4.19 ,  an d 
3.8 2 fo r  a2 ,  a3 ,  an d 34) .  Not e tha t  i n th e contro l  conditio n 
th e first  attribut e als o ha d greate r  weigh t  (8.62 )  tha n 
attribute s 2- 4 (6.77 ,  6.81 ,  an d 6.52) ,  a n effec t  w e believ e i s 
due t o th e first  attribut e alway s appearin g firs t  i n a n 
exemplar' s lis t  o f  attribut e values .  T o som e extent ,  th e 
greate r  salienc e o f  th e first  attribut e explain s th e greate r 
weigh t  associate d wit h th e common-caus e i n th e c o m m o n -
caus e condition .  However ,  th e differenc e betwee n a i  an d 32 , 
33,3 4 i s greate r  i n th e common-caus e conditio n (4.56 )  tha n 
i n th e contro l  conditio n (2.20) ,  s o th e greate r  weigh t  o f  th e 
common-caus e canno t  b e explaine d solel y b y th e greate r 
salienc e o f  th e first  attribute . 

Thes e conclusion s ar e supporte d b y statistica l  analysis . 
We carrie d ou t  a  3  (causa l  patter n condition :  common-cause , 
common-effect ,  control )  b y 6  (category )  b y 3  (orde r  o f 
categor y task :  first,  second ,  o r  third )  b y 4  (attribute :  1 ,  2 ,  3 
or  4 )  analysi s o f  varianc e o n th e regressio n weights ,  wit h 
repeate d measure s o n th e las t  factor .  Th e patter n o f  weight s 
fo r  th e fou r  attribute s differe d significantl y betwee n th e 
common-caus e an d common-effec t  condition s (significan t 
interactio n betwee n th e common-cause/common-effec t 
contras t  an d th e attribut e factor :  F(3 ,  696) = 11.50 , 
MSE=22.3 ,  p<.0001) ,  an d th e patter n o f  weight s i n eac h o f 
thes e condition s differe d significantl y fro m th e contro l 
conditio n (F(3 ,  696)=2.67 ,  MSE=22 .3 ,  p<.0 5 fo r  c o m m o n -
cause ,  F(3 ,  696)=6.14 ,  M S E = 2 2 . 3 ,  p<.00 1 fo r  c o m m o n -
effect) .  I n th e common-caus e condition ,  th e weigh t 
associate d wit h th e c o m m o n caus e wa s significantl y greate r 
tha n th e weight s o f  th e thre e effec t  attribute s (F(l , 
76)=40.73 ,  M S E = 4 3 . 5 ,  p<.0001) .  I n th e common-effec t 
condition ,  th e weigh t  associate d wit h th e c o m m o n effec t  wa s 
significantl y greate r  tha n th e weight s o f  th e thre e cause s 
(F(l ,  76)=20.47 ,  MSE=12 .4 ,  p<.0001) . 

Figur e 2  als o demonstrate s tha t  causa l  knowledg e affecte d 
th e weigh t  give n t o configura l  properties .  Th e configura l 
propertie s correspondin g t o thos e attribut e pair s assigne d 
causa l  relationship s ha d substantia l  positiv e weight s i n bot h 
th e common-caus e conditio n (4.66 ,  4.15 ,  an d 3.8 7 fo r  aia2 , 
ajas ,  an d 3134) ,  an d th e common-effec t  conditio n (3.02 , 
2.89 ,  an d 3.2 1 fo r  3134 ,  3234 ,  an d 3334) .  I n othe r  words , 
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categoriz3tio n r3ting s wer e highe r  i f  a  pai r  o f  attribute s 
confirme d a  C3us3 l  rel3tionshi p tha t  p3rticip3nt s ha d learned , 
and lowe r  i f  th e pai r  violate d tha t  relationship .  A  3  (csusa l 
p3ttem )  b y 6  (c3tegory )  b y 3  (orde r  o f  categor y task )  b y 6 
(configura l  property )  A N O V A o n th e regressio n weight s 
reveale d tha t  th e patter n o f  configura l  propert y weight s i n 
th e common-caus e an d common-effec t  condition s differe d 
fro m on e anothe r  (F(10 ,  1160)=26.79 ,  MSE=10 .0 ,  p<.0001 ) 
an d eac h differe d fro m th e contro l  conditio n (F(5 , 
1160)=10.56 ,  M S E = 1 0 . 0 ,  p<.0001 ;  F(5 ,  1160)=7.65 , 
MSE=10 .0 ,  p<.0001) .  Weight s o f  th e configura l  propertie s 
correspondin g t o th e thre e causa l  relationship s differe d 
significantl y fro m th e contro l  conditio n (al l  p's<.0001) ,  i n 
bot h th e common-caus e an d common-effec t  conditions . 

A furthe r  resul t  o f  not e i s tha t  i n th e common-caus e 
conditio n th e regressio n weight s fo r  th e interaction s betwee n 
th e effec t  3ttribute s (1.39 ,  1.47 ,  3n d 1.4 8 fo r  3234 ,  3334 ,  3n d 
3233 )  wer e signifiC3ntl y differen t  fro m th e contro l  conditio n 
(p<.05) .  I n othe r  words ,  c3tegoriz3tio n rsting s wer e highe r  i f 
tw o effec t  3ttribute s wer e bot h unch3r3cteristi c o r  bot h 
ch3r3Cteristic ,  3n d lowe r  i f  on e W3S uncharacteristi c an d th e 
othe r  characteristic .  A  propert y o f  common-caus e C3us3 l 
p3ttem s i s th3 t  effec t  3ttribute s wil l  b e corrected ,  bec3us e o f 
thei r  c o m m o n c3use .  I n fsct ,  p3rticipant s i n th e c o m m o n -
caus e conditio n exhibite d thi s knowledg e b y weightin g th e 
correlatio n betwee n th e effect s whe n makin g c3tegoriz3tio n 
decisions .  Thi s i s evidenc e th3 t  the y wer e tre3tin g th e C3us3 l 
rel3tionship s 3 s mor e th3 n simpl e 3ssoci3tion s 3n d engsgin g 
i n 3  for m o f  C3us3 l  re3soning .  I n contr3st ,  th e c o m m o n -
effec t  p3tter n o f  C3us3 l  rel3tionship s doe s no t  impl y th e 
existenc e o f  correlation s betwee n caus e attributes ,  and ,  i n 
fact ,  i n thi s stud y th e paramete r  estimate s fo r  thes e 
interactio n term s (3132 ,  3133 ,  3n d 3233 )  di d no t  diffe r 
signifiC3ntl y fro m th e contro l  conditio n (s U Fs< l ) .  Thi s 
resul t  replic3te s othe r  findings  th3 t  peopl e tsk e int o 3ccoun t 
th e asymmetrie s inheren t  i n caus3 l  rel3tionship s (W3ldman n 
& Holyoak ,  1992 ;  W3 ldm3n n e t  3I. ,  1995) . 

We 3ske d whethe r  th e pstte m o f  weight s show n i n Figur e 
2 W3S represent3tiv e o f  mos t  psrticipants .  O f  th e 16 8 
common-caus e an d common-effec t  p3rticip3nts ,  5 % 
exhibite d th e p3tte m o f  3ttribut e weight s show n i n Figur e 2 
but  no t  th e p3tter n o f  configura l  fe3tur e weights ,  1 3 % 
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exhibite d th e patter n o f  configura l  featur e weight s bu t  no t 
th e patter n o f  attribut e weights ,  an d 2 0 % exhibite d both . 
4 5 % exhibite d a  similarity-based ,  o r  "famil y resemblance" , 
strateg y i n whic h ther e wa s n o discernibl e us e o f  th e causa l 
knowledge .  Thus ,  th e grou p mean s i n Figur e 2  d o no t 
represen t  th e categorizatio n strateg y use d b y mos t 
participants ,  i.e. ,  substantia l  individua l  difference s existed . 

Similarity Results 

Th e similarit y result s wer e als o analyze d wit h a  multipl e 
regressio n pe r  participant .  Fou r  predictor s (mai ,  ma2 ,  ma3 , 
m a 4)  wer e forme d b y multiplyin g a j  o f  th e firs t  exempla r 
wit h a j  o f  th e second ,  th e resul t  bein g tha t  eac h ma j  w a s 
code d a s - 1 i f  th e value s o f  attribut e i  i n th e tw o exemplar s 
mismatche d (i.e. ,  on e uncharacteristi c an d on e characteristic ) 
an d + 1 i f  the y matche d (i.e. ,  bot h characteristi c o r  bot h 
uncharacteristic) .  Si x  predictor s (maia2 ,  maias ,  maia4 , 
ma2a4,  ma3a4 ,  an d ma2a3 )  wer e forme d b y multiplyin g aja j 
of  th e firs t  exempla r  wit h aia j  o f  th e second ,  th e resul t  bein g 
tha t  eac h maia j  wa s code d a s - 1 i f  th e configura l  propert y i n 
th e tw o exemplar s mismatche d an d + 1 i f  the y matched . 
Matche s (eithe r  betwee n attribute s o r  configura l  properties ) 
tha t  increas e th e rate d similarit y o f  tw o exemplar s wil l 
manifes t  themselve s wit h positiv e regressio n weights . 

Figur e 3  present s th e regressio n weight s average d ove r 
participant s i n th e thre e causa l  conditions .  Th e patter n o f 
weight s give n t o matche s o f  attribute s (ma].4 )  mirror s th e 
attribut e weight s foun d fo r  th e categorizatio n result s (Figur e 
2) .  I n th e common-caus e condition ,  whethe r  th e c o m m o n -
caus e attribute s matche d i n th e tw o exemplar s (maj ) 
influence d similarit y rating s mor e (weigh t  o f  14.24 )  tha n 
matche s o n th e thre e effec t  attribute s (weight s o f  11.86 , 
11.50 ,  an d 9.8 6 fo r  ma2-4) .  I n th e common-effec t  condition , 
matche s betwee n th e common-effect s (ma4 )  ha d greate r 
weigh t  (11.76 )  tha n matche s o n th e thre e caus e attribute s 
(11.13 ,  10.10 ,  an d 9.8 3 fo r  mai.3) .  Statistica l  analysi s 
confirme d tha t  th e patter n o f  weight s differe d significantl y 
betwee n th e common-caus e an d common-effec t  condition s 
(F(3 ,  696)=11.88 ,  M S E = 1 6 . 5 ,  p<.0001 )  an d eac h o f  thes e 
condition s differe d fro m th e control s (F(3 ,  696)=5.15 , 
MSE=16 .5 ,  p<.005 ;  F(3 ,  696)=2.30 ,  MSE=16.5 ,  p<.10) .  I n 
th e common-caus e condition ,  th e weigh t  associate d wit h 
matchin g c o m m o n cause s wa s significantl y greate r  tha n 
effec t  matche s (F(l .  76) = 13.72 ,  MSE=58 ,2 ,  p<.0005) .  I n 
th e common-effec t  condition ,  th e weigh t  associate d wit h 
matchin g c o m m o n effect s wa s significantl y greate r  tha n th e 
caus e matche s (F(l ,  76)=32.36 ,  MSE=18.4 ,  p<.0001) . 

Th e weight s fo r  matche s betwee n configura l  feature s 
(Figur e 3 )  wer e smal l  an d no t  appreciabl y differen t  fro m th e 
contro l  condition .  Whil e th e patter n o f  thes e weight s differe d 
significantl y betwee n th e common-caus e an d common-effec t 
conditio n (F(5 ,  1160)=4.64 ,  MSE=7 .5 ,  p<.0005) .  neithe r  o f 
thes e condition s differe d significantl y fro m th e contro l 
conditio n (F(5 ,  1160) = 1.46 ,  MSE=7 .5 ,  p=.2 1 fo r  c o m m o n -
cause ;  F(5 ,  1160)=!.72 ,  M S E = 7 . 5 ,  p=.1 3 fo r  c o m m o n -
effect) .  Thus ,  whil e th e causa l  relationship s tha t  participant s 
learne d affecte d similarit y rating s b y changin g th e weight ,  o r 
salience ,  o f  matche s betwee n attributes ,  matche s betwee n 
configura l  feature s tha t  cod e whethe r  a  causa l  relationshi p 
was confirme d o r  violate d ha d n o effec t  o n similarit y ratings . 
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Figur e 3 

A Categorization/Similarity Dissociation 

We hav e show n tha t  categorizatio n ratings ,  bu t  no t 
similarit y ratings ,  ar e affecte d b y whethe r  causa l 
relationship s ar e confirme d o r  violate d i n presente d 
exemplars .  W e illustrat e thi s resul t  wit h tw o examples . 
Figur e 4 a present s th e categorizatio n rating s o f  011 1 an d th e 
similarit y o f  011 1 t o th e categor y prototyp e 111 1 ( 1 
meanin g th e characteristi c attribut e value ,  an d 0  th e 
uncharacteristi c value )  i n th e common-caus e an d contro l 
conditions .  Th e presenc e o f  common-caus e causa l 
relationship s resulte d i n 011 1 bein g give n a  muc h lowe r 
categorizatio n ratin g (45.2 )  relativ e t o th e contro l  conditio n 
(70.9 )  because ,  presumably ,  i n 011 1 al l  thre e common-caus e 
causa l  link s ar e violate d (th e caus e i s absen t  bu t  al l  thre e 
effect s ar e present) .  However ,  th e presenc e o f  thes e causa l 
relationship s ha d littl e effec t  o n th e similarit y o f  011 1 t o th e 
prototyp e relativ e t o th e contro l  conditio n (69. 4 vs .  72.5) . 

Analogously ,  i n Figur e 4 b th e presenc e o f  common-effec t 
causa l  link s ha d a  larg e effec t  o n th e categorizatio n ratin g o f 
exempla r  111 0 relativ e t o th e contro l  conditio n (53. 5 vs . 
74.5 )  because ,  presumably ,  111 0 violate s al l  thre e o f  th e 
causa l  relationship s (al l  thre e cause s ar e presen t  bu t  th e 
effec t  i s  absent) .  But ,  th e presenc e o f  thos e causa l 
relationship s ha d littl e effec t  o n th e similarit y o f  111 0 t o th e 
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prototyp e relativ e t o th e control s (70. 9 vs .  77.7) . 
Not e tha t  w e di d no t  directl y as k ou r  participant s t o rat e 

th e similarit y o f  eac h exempla r  t o th e category ,  bu t  rathe r 
onl y t o othe r  categor y members .  However ,  assumin g tha t 
similarit y t o th e categor y prototyp e ca n b e take n a s 
similarit y t o th e category ,  the n Figur e 4  demonstrate s a 
categorization/similarit y dissociation ,  becaus e causa l 
relationship s ha d a  larg e effec t  o n categorizatio n ratings ,  bu t 
littl e o n similarit y ratings .  I n th e Discussio n sectio n w e 
retur n t o th e issu e o f  whethe r  similarit y t o th e categor y 
prototyp e i s th e sam e a s similarit y t o th e category . 

Discussion 

The presen t  stud y demonstrate s tha t  categorizatio n an d 
similarit y ar e no t  influence d i n th e sam e wa y b y th e 
presenc e o f  causa l  relationship s betwee n categor y attributes . 
On th e on e hand ,  causa l  relationship s le d participant s t o 
weig h attribute s similarl y i n th e categorizatio n an d 
similarit y ratin g tasks ,  specifically ,  weighin g th e c o m m o n -
caus e mos t  heavil y i n th e common-caus e condition ,  an d th e 
common-effec t  mos t  heavil y i n th e common-effec t 
condition .  O n th e othe r  han d however ,  whil e categorizatio n 
rating s wer e dependen t  o n whethe r  th e causa l  relationship s 
wer e confirme d o r  violate d (tha t  is ,  o n wha t  w e hav e calle d 
"configura l  properties") ,  th e confirmatio n o r  violatio n o f 
causa l  relationship s ha d n o effec t  o n th e perceive d similarit y 
of  tw o exemplars .  Thus ,  causa l  knowledg e abou t  categorie s 
appear s t o influenc e categorizatio n processe s throug h mean s 
othe r  tha n changin g similarit y relations . 

The result s o f  Smit h an d Sloma n (1994 )  raise d th e 
possibilit y  tha t  categorization/similarit y dissociation s suc h 
as thos e reporte d b y Rip s (1989 )  migh t  onl y occu r  i n 
rarefie d circumstances ,  specifically ,  wit h spars e stimul i 
lackin g characteristi c attributes ,  an d whe n participant s ar e 
require d t o think-aloud .  Contrar y t o thi s view ,  i n th e presen t 
stud y categorizatio n an d similarit y rating s wer e differentiall y 
influence d b y causa l  knowledg e eve n whe n exemplar s ha d 
many characteristi c value s (e.g. ,  thre e i n th e exemplar s 011 1 
and 111 0 o f  Figur e 4 ,  compare d t o Smit h an d Sloman' s 
one) ,  an d withou t  ou r  participant s thinking-aloud . 

Ther e ar e tw o way s i n whic h th e categorization/similarit y 
dissociatio n presente d i n Figur e 4  migh t  b e explaine d i n 
term s o f  similarit y comparisons .  First ,  dissociation s tha t  ar e 
intende d t o sho w tha t  task s emplo y differen t  componen t 
processe s ar e no t  decisive ,  becaus e dissociation s m a y als o 
aris e whe n on e tas k i s mor e resourc e demandin g tha n th e 
othe r  (Dun n &  Kirsner ,  1988) .  I n thi s study ,  configura l 
propertie s m a y hav e no t  bee n use d i n th e similarit y tas k 
becaus e o f  resourc e limitations .  Th e similarit y tas k involve d 
comparin g tw o exemplars ,  an d henc e 6  configura l  propertie s 
neede d t o b e computed ,  wherea s onl y on e exempla r  wa s 
presente d i n th e categorizatio n tas k an d thu s onl y 3 
configura l  propertie s neede d t o b e computed .  Assumin g a 
similarit y mode l  tha t  account s fo r  bot h similarit y rating s 
betwee n categor y exemplar s an d categorizatio n judgment s 
(b y computin g th e similarit y betwee n a n exempla r  an d som e 
categor y representation ,  Lassalin e &  Murphy ,  1998) ,  th e 
dissociatio n show n i n Figur e 4  coul d b e accounte d fo r  i f  (a ) 
th e causa l  relation s betwee n attribute s contribute d t o 
perceive d similarity ,  bu t  (b )  ther e wa s a  limi t  t o th e numbe r 

of  relation s tha t  coul d contribut e du e t o resourc e limitation s 
(o f  workin g memory ,  fo r  example) .  Similarit y model s suc h 
as S M E (Markma n &  Centner ,  1993 ;  1996 )  o r  S I A M 
(Goldstone ,  1994 ;  Coldston e &  Medin ,  1994 )  m a y b e 
promisin g startin g point s fo r  suc h a n account . 

Second ,  th e dissociatio n presente d i n Figur e 4  i s betwee n 
categorizatio n rating s an d similarit y wit h th e categor y 
prototype .  Conceivably ,  similarit y t o th e categor y prototyp e 
m ay no t  b e th e sam e thin g a s similarit y t o th e category ,  an d 
similarit y wit h th e categor y m a y trac k (an d henc e possibl y 
explain )  categorizatio n ratings .  Fo r  example ,  i n th e contex t 
model  o f  categorizatio n (Medi n &  Schaffer ,  1978) , 
similarit y t o a  categor y i s th e su m o f  similaritie s t o 
categor y exemplar s store d i n memor y rathe r  tha n similarit y 
t o th e prototype .  O n th e fac e it ,  th e contex t  mode l  appear s 
inapplicabl e t o th e curren t  experimen t  becaus e ou r 
participant s observe d n o exemplar s o f  th e category . 
However ,  th e contex t  mode l  coul d b e adapte d t o th e curren t 
situatio n b y assumin g tha t  ou r  participant s encode d th e 
conceptua l  informatio n abou t  th e categorie s (i.e. ,  th e 
attribut e bas e rate s an d causa l  relationships )  b y mentall y 
constructin g wha t  the y though t  wa s a  se t  o f  representativ e 
exemplars .  (Se e Heit ,  1994 ,  fo r  a  simila r  strateg y fo r 
representin g backgroun d knowledg e b y th e presenc e o f  prio r 
exemplars. )  I t  i s  a  virtua l  certaint y (becaus e th e numbe r  o f 
free  parameter s woul d excee d th e numbe r  o f  dat a points )  tha t 
some se t  o f  constructe d exemplar s (combine d wit h a  se t  o f 
contex t  mode l  similarit y parameters )  woul d fi t  th e curren t 
categorizatio n data .  Althoug h thi s woul d provid e a n accoun t 
of  categorizatio n i n term s o f  similarit y comparisons ,  th e 
explanator y burde n woul d the n fal l  o n w h y participant s 
chos e t o represen t  th e categor y wit h tha t  particula r  se t  o f 
constructe d exemplars ,  an d par t  o f  th e answe r  woul d surel y 
involv e th e presenc e o f  causa l  relationships . 

The categorizatio n result s presente d her e replicat e thos e o f 
Rehder  an d Hasti e (1997) .  Tha t  stud y wa s identica l  t o th e 
presen t  on e excep t  tha t  participant s wer e expose d (i n th e 
guis e o f  a  classification-with-feedbac k trainin g task )  t o 
exemplar s o f  th e categor y tha t  manifeste d th e 7 5 % / 2 5 % bas e 
rate s bu t  no t  th e correlation s a m o n g attribute s implie d b y 
th e common-caus e o r  common-effec t  causa l  patterns .  Tha t 
study ,  togethe r  wit h th e curren t  on e i n whic h participant s 
observe d n o exemplar s o f  th e category ,  demonstrat e tha t 
causa l  relationship s nee d no t  manifes t  themselve s a s 
correlation s tha t  inher e i n observe d exemplar s t o hav e a n 
effec t  o n categorizatio n decision s (fo r  relate d result s se e Mal t 
& Smith ,  1984 ;  Murph y &  Wisniewski ,  1989) . 

A hn an d Lassalin e (1996 )  hav e propose d tha t  cause s hav e 
mor e influenc e tha n effect s o n categorization .  Th e curren t 
result s fro m th e common-effec t  conditio n i n whic h th e 
c o m m on effec t  wa s mor e heavil y weighte d tha n th e thre e 
caus e attribute s d o no t  suppor t  thi s hypothesis .  Perhap s 
mor e importantly ,  th e curren t  result s emphasiz e tha t  causa l 
knowledg e affect s no t  jus t  th e weigh t  give n t o attributes , 
but  als o th e weigh t  give n t o configuration s o f  attribute s tha t 
eithe r  confir m o r  violat e tha t  knowledge .  Ther e i s stil l  m u c h 
we don' t  kno w abou t  whic h configuration s peopl e conside r 
t o b e consisten t  wit h prio r  causa l  knowledge .  Ou r  us e o f 
two-wa y interaction s i n th e regressio n analyse s presuppose s 
tha t  th e causa l  relationship s wer e viewe d a s "necessar y an d 
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sufficient "  b y ou r  participants ,  tha t  is ,  a n attribut e valu e pai r 
violate s th e relationshi p eithe r  whe n th e caus e i s absen t  an d 
th e effec t  presen t  ( a violatio n o f  necessity) ,  o r  whe n th e 
caus e i s presen t  an d th e effec t  absen t  ( a violatio n o f 
sufficiency) .  I n fact ,  peopl e ina y conside r  a n attribut e pai r  t o 
be inconsisten t  wit h a  causa l  relationshi p onl y whe n 
necessit y i s violated ,  o r  onl y whe n sufficienc y i s violated . 
Furthe r  researc h wil l  b e require d t o determin e whic h notion s 
of  confirmatio n an d violatio n peopl e typicall y employ . 

Finally ,  althoug h ou r  result s highligh t  th e difference s 
betwee n categorizatio n an d similarity ,  w e ar e nonetheles s i n 
agreemen t  wit h thos e wh o argu e tha t  similarit y almos t 
alway s play s a t  leas t  som e rol e i n categorizatio n (Alle n & 
Brooks .  1991 ;  Smit h &  Sloman ,  1994) .  O f  thos e 
participant s i n thi s stud y wh o learne d causa l  relationship s 
betwee n categor y attributes ,  4 5 % mad e n o us e o f  thos e 
relationship s an d generate d classificatio n rating s o n th e basi s 
of  simpl e family-resemblance .  And ,  whe n th e causa l 
knowledg e wa s used ,  i t  wa s usuall y i n additio n to ,  rathe r 
tha n instea d of ,  th e attribut e bas e rat e information .  Thus ,  a 
ful l  accoun t  o f  huma n categorizatio n need s t o includ e 
processe s sensitiv e t o bot h similarit y an d causa l  relations . 
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