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T h e Role s o f  C a u s e s a n d Effect s i n Categorizatio n 

Bob Rehde r 
Departmen t  o f  Psycholog y 

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

r e h d e r @ p s y c h . C o l o r a d o . e d u 

R e i d H a s t i e 
Departmen t  o f  Psycholog y 

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

R e i d . H a s t i e @ c o l o r a d o . e d u 

Abstrac t 

The effect of knowledge about causal relationships between 
categor y attribute s o n categorizatio n decision s wa s 
investigated .  Participant s wer e taugh t  tha t  categor y 
attribute s wer e causall y relate d i n eithe r  a  common-caus e o r 
a common-effec t  causa l  pattern .  Th e weigh t  give n t o 
attribute s durin g subsequen t  categorizatio n depende d o n th e 
causa l  pattern :  I n th e common-caus e conditio n th e 
common caus e wa s weighte d mos t  heavily ,  wherea s i n th e 
common-effec t  conditio n th e common-effec t  wa s weighte d 
most  heavily .  Participant s als o attende d t o correlation s 
betwee n causall y relate d features ,  generatin g lowe r 
categorizatio n rating s i f  a  cause-effec t  relationshi p wa s 
violated .  Participant s displaye d a  wid e variet y o f  differen t 
strategie s i n makin g categorizatio n decisions ,  includin g 
ones tha t  employe d higher-orde r  configura l  informatio n 
involvin g mor e tha n tw o attributes .  Ther e wa s n o effec t  o f 
th e "kmd "  o f  th e categor y (biologica l  kind ,  nonlivin g 
natura l  kind ,  o r  artifact )  o n categorizatio n decisions ,  an d 
kin d o f  categor y di d no t  interac t  wit h causa l  pattern . 

One of the focal research questions for cognitive scientists 
studyin g conceptua l  thinkin g concern s th e rol e o f 
backgroun d knowledge ,  "theoretica l  glue, "  o r  explanation s i n 
th e menta l  representatio n o f  categor y concepts .  O n e 
proposa l  i s  A h n an d Lassaline' s (1996a )  causa l  statu s 
hypothesi s whic h state s tha t  categor y attribute s tha t  ar e 
cause s carr y mor e weigh t  tha n effect s durin g categorization . 
For  example ,  becaus e havin g wing s cause s flying ,  a n 
exempla r  tha t  flie s bu t  ha s n o wing s i s les s likel y t o b e 
considere d a  bir d tha n a n exempla r  tha t  ha s wing s bu t  doesn' t 
fly .  I n a  serie s o f  experiment s A h n an d Lassalin e (1996a , 
1996b )  indee d foun d tha t  categor y membershi p likelihoo d 
rating s wer e les s fo r  exemplar s missin g a  caus e tha n 
exemplar s missin g a n effect . 

Similarly ,  Sloman ,  Love ,  an d A h n (1996 )  hav e propose d 
tha t  feature s tha t  ar e depende d o n ar e les s mutabl e tha n 
thos e tha t  ar e not .  Cause-effec t  relation s ar e on e exampl e o f 
suc h dependenc y relation s wher e th e effec t  depend s o n th e 
cause ,  makin g th e caus e les s mutable .  Immutabl e feature s 
suc h a s cause s ar e predicte d t o b e mor e importan t  fo r 
categorizatio n tha n mutabl e features .  Sloman ,  e t  al. ,  foun d 
tha t  categor y typicalit y rating s wer e lowe r  fo r  exemplar s 
missin g immutabl e feature s tha n fo r  exemplar s missin g 
mutabl e features . 

The presen t  stud y attempt s t o (a )  exten d thes e importan t 
finding s t o a  wide r  rang e o f  causa l  patterns ,  (b )  detennin e th e 
interactio n betwee n causa l  patter n an d th e ontologica l  kin d 

of  th e category ,  an d (c )  investigat e th e impac t  o f  mismatche s 
betwee n cause s an d effect s o n categorization .  Concernin g 
causa l  patterns ,  w e tes t  whethe r  th e greate r  importanc e o f 
cause s ove r  effect s extend s t o thos e show n i n Figur e 1 ,  th e 
c o m m o n - c a u s e patter n i n whic h a  singl e attribut e (Al ) 
cause s th e remainin g attribute s (A2 ,  A 3 ,  an d A 4 ) ,  an d th e 
common-effec t  pattern ,  i n whic h a  singl e attribut e (A4 )  i s 
cause d b y A l ,  A 2 ,  an d A 3 . 

Al 

Al A2 

Common-Cause Common-Effec t 

A4 

Figur e 1 

The common-caus e an d common-effec t  causa l  pattern s ar e 
theoreticall y interestin g fo r  a  numbe r  o f  reasons .  First , 
Medi n an d Orton y (1989 )  hav e propose d tha t  peopl e believ e 
tha t  thing s i n th e worl d hav e essences ,  (eve n i f  the y don' t 
kno w wha t  th e essenc e is ;  an d eve n i f  th e categorie s d o no t 
trul y hav e essences) ,  a  vie w the y cal l  psychologica l 
essentialism .  I f  psychologica l  essentialis m i s correct ,  the n 
peopl e ar e tune d t o lear n categorie s tha t  includ e a n 
underlyin g essenc e tha t  i s causall y responsibl e fo r  othe r 
features .  Thus ,  a  belie f  i n a  causally-poten t  interna l  essenc e 
m ay b e identifie d wit h a  specifi c  patter n o f  causa l  links , 
namely ,  th e common-caus e patter n i n Figur e 1 .  A n 
exempla r  missin g a  common-caus e m a y b e especiall y 
unlikel y t o b e considere d a  categor y member  a s compare d t o 
an exempla r  missin g a  non-commo n cause . 

Second ,  th e common-caus e an d common-effec t  pattern s 
allo w u s t o compar e th e causa l  statu s hypothesi s wit h a n 
alternativ e hypothesis ,  namely ,  structure-mappin g theor y 
(Centner ,  1989) .  Centne r  suggest s tha t  featur e importanc e 
i s determine d b y th e numbe r  o f  relation s i n whic h th e 
attribut e participates .  I n th e common-effec t  causa l  patter n 
th e common-effec t  participate s i n thre e relationship s wherea s 
th e othe r  attribute s participat e i n onl y one .  Thus ,  th e 
causal-statu s hypothesi s predict s tha t  th e cause s i n th e 
common-effec t  patter n shoul d b e mor e important ,  bu t 
structure-mappin g theor y suggest s th e opposite . 

Third ,  abstrac t  causa l  pattern s lik e thos e i n Figur e 1  hav e 
bee n studie d b y W a l d m a n n ,  Holyoak ,  an d Frat iann e 
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(1995) .  The y foun d tha t  a  varying-caus e common-caus e 
patter n (on e i n whic h th e causa l  featur e take s o n differen t 
values )  wa s mos t  consisten t  wit h learnin g non-lincarl y 
separabl e categor y structure s becaus e o f  th e presenc e o f 
correlation s betwee n features ,  bu t  a  constant-caus e common -
caus e patter n an d th e common-effec t  patter n wer e mos t 
consisten t  wit h learnin g linearl y separabl e categor y 
structures .  Waldmann ,  e t  al .  wer e abl e t o induc e i n subject s 
differen t  causa l  model s b y providin g informatio n abou t 
causa l  directionality ,  an d th e continuit y an d variabilit y  o f 
causa l  factors .  I t  i s  importan t  t o exten d th e causal-statu s 
hypothesi s t o thes e causa l  pattern s i f  indee d the y serv e a s 
domain-genera l  causa l  schema s a s Waldmann ,  e t  al .  suggest . 

The consequence s o f  common-caus e an d common-effec t 
pattern s ma y depen d o n th e kin d o f  categor y t o whic h the y 
ar e attributed .  Fo r  example ,  th e philosophica l  analysi s o f 
categorie s (Putnam ,  1975 ;  Schwartz ,  1977 )  ha s suggeste d 
tha t  ther e ma y b e importan t  difference s betwee n natura l 
kind s an d artifacts :  Peopl e ma y believ e i n essence s fo r 
natura l  kind s mor e tha n the y d o fo r  artifact s (Keil ,  1989) . 
However ,  i t  ma y b e mor e accurat e t o sa y tha t  th e essenc e o f 
artifact s i s differen t  tha n th e essenc e o f  natura l  kinds .  Fo r 
example ,  Rip s (1989 )  foun d tha t  missin g "essential " 
propertie s affecte d categorizatio n mor e tha n missin g 
"accidental "  propertie s fo r  bot h natura l  kind s an d artifacts , 
but  th e essenc e fo r  natura l  kind s wa s a n intrinsi c propert y 
(e.g. ,  developmenta l  history ,  parentage )  whil e th e essenc e 
fo r  a n artifac t  wa s it s functio n (se e Malt ,  1992 ,  199 4 fo r  a 
contrar y vie w o n th e generalit y o f  essences) . 

The presen t  experimen t  als o investigate s whethe r  cause -
effec t  relation s betwee n categor y attribute s hav e effect s o n 
categorizatio n beyon d th e weigh t  give n t o individua l 
features .  Whethe r  a  caus e an d effec t  ar e consisten t  wit h eac h 
othe r  (i.e. ,  i f  th e caus e i s absen t  th e effec t  i s  absent ,  an d i f 
th e caus e i s presen t  th e effec t  i s  present )  ma y als o hav e a 
larg e effec t  o n whethe r  a n exempla r  i s considere d a  categor y 
member.  Detectin g matche s betwee n caus e an d effec t 
attribute s i s equivalen t  t o detectin g whethe r  a n expecte d 
correlatio n i s violated ,  whic h ma y b e considere d a  higher -
orde r  configura l  propert y lik e thos e assume d b y certai n 
feature-frequenc y model s o f  categorizatio n (Gluc k &  Bower , 
1988 ;  Hayes-Rot h &  Hayes-Roth ,  1977 ;  Reitma n &  Bower , 
1973) .  Indeed ,  ther e i s evidenc e tha t  peopl e detec t  an d us e 
informatio n abou t  violate d correlation s durin g categorizatio n 
as lon g a s thos e correlation s ar e expecte d base d o n prio r 
knowledg e (Mal t  &  Smith ,  1984 ;  Murph y &  Wisniewski , 
1989) .  Becaus e ou r  experimenta l  participant s wer e taugh t 
about  causa l  relationship s betwee n categor y attribute s i n th e 
experimenta l  setting ,  thes e relationship s shoul d b e salient , 
and thu s ma y pla y a  rol e i n categorizatio n decisions . 

I n summary ,  th e curren t  experimen t  investigate s th e effec t 
of  causa l  patter n (Figur e I )  an d kin d o f  categor y o n 
categorizatio n decisions .  A s w e shal l  show ,  whil e causa l 
patter n ha d a  larg e effec t  o n categorizatio n performance ,  th e 
kin d o f  categor y di d not ,  an d thes e factor s di d no t  interact . 
I n addition ,  w e shal l  demonstrat e tha t  categorizatio n depend s 
i n par t  o n whethe r  caus e an d effec t  attribute s ar e consisten t 
wit h on e another ,  an d tha t  ther e ar e larg e difference s i n ho w 
individual s utiliz e causa l  informatio n i n makin g 
categorizatio n decisions . 

Metho d 

Materials 

Our  ai m wa s t o creat e material s tha t  describe d categorie s o f 
object s tha t  coul d reall y exist .  W e constructe d material s fo r 
si x categories :  T w o biologica l  kind s (Keho e Ant s an d Lak e 
Victori a Shrimp) ,  tw o nonlivin g natura l  kind s (Myastar s an d 
Meteori c Sodiu m Carbonate) ,  an d tw o artifact s (Romania n 
Rogos an d Neptun e Persona l  Computers) .  Eac h categor y 
possesse d fou r  binar y attributes ,  th e value s o f  whic h wer e 
eithe r  abnorma l  o r  norma l  relativ e t o it s superordinat e 
category .  Fo r  example ,  th e attribute s an d attribut e value s 
fo r  Keho e Ant s ar e give n i n Tabl e 1 . 

Attribut e 
Al 

A2 

A3 

A4 

Attribut e 
Descriptio n 
Iro n sulfat e 

i n bloo d 
Immune 
syste m 

Consistenc y 
of  bloo d 

Nest 
buildin g 

Abnorma l 
Valu e 
Hig h 

Hyperactiv e 

Thic k 

Fast 

Normal 
Valu e 

Normal 

Normal 

Normal 

Normal 

Tabl e 1 

Wit h fou r  attribute s pe r  category ,  ther e wer e five  causa l 
link s tha t  neede d t o b e develope d i n orde r  t o construc t  th e 
common-caus e an d common-effec t  pattern s o f  Figur e 1 : 
A 1 - > A 2 ,  A 1 - > A 3 ,  A 1 - 4 A 4 ,  A 2 ^ A 4 ,  A 3 ^ A 4 .  Eac h 
causa l  lin k wa s describe d a s th e abnorma l  valu e o f  on e 
attribut e causin g th e abnorma l  valu e o f  anothe r  attribute . 
Ideally ,  on e woul d wan t  t o counterbalanc e th e assignmen t  o f 
caus e an d effec t  role s t o attributes .  However ,  w e foun d i t 
was impossibl e t o counterbalanc e causa l  link s ove r 
attribute s an d stil l  hav e th e causa l  explanation s betwee n 
attribute s b e plausible .  I n orde r  t o assur e tha t  ou r  result s ar e 
genera l  beyon d th e particula r  categorie s an d attribute s w e 
used ,  w e performe d extensiv e pretestin g o f  th e plausibilit y 
of  causa l  relationship s t o produc e causa l  link s o f  equa l 
plausibilit y  acros s causa l  pattern s an d categories .  Pretes t 
subject s receive d questionnaire s i n whic h the y rate d th e 
plausibilit y  o f  eac h causa l  lin k fo r  eac h category ,  an d als o a 
"reversed "  versio n o f  eac h lin k i n th e whic h th e caus e ha d 
th e opposit e influenc e o n th e effect .  W e assume d tha t  equa l 
rating s fo r  a  lin k an d it s revers e lin k mean t  tha t  a  subjec t 
had n o prio r  knowledg e abou t  th e cause/effec t  relationshi p 
betwee n th e tw o attributes .  Ther e wer e tw o cycle s o f 
pretesting :  Th e initia l  causa l  link s wer e tested ,  an d proble m 
link s (thos e tha t  ha d lo w plausibilit y  ratings ,  o r  rating s tha t 
differe d fro m thos e o f  thei r  revers e link )  wer e identifie d an d 
rewritten .  Th e material s wer e the n retested ,  an d foun d 
satisfactory .  A  descriptio n o f  five  causa l  link s fo r  on e 
category ,  Keho e Ants ,  i s  presente d i n th e Appendix . 

Participants 

81 Universit y o f  Colorad o undergraduate s attendin g a n 
introductor y psycholog y clas s receive d cours e credi t  fo r 
participatin g i n thi s experiment . 
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Desig n 

Subject s wer e randoml y assigne d t o on e o f  th e si x 
categories ,  an d t o eithe r  th e common-caus e o r  c o m m o n -
effec t  condition . 

Procedure 

Al l  phase s o f  trainin g an d testin g wer e presente d b y 
computer .  I n th e firs t  learnin g phas e subject s receive d 
conceptua l  informatio n abou t  th e category .  The y studie d 
fiv e screen s o f  informatio n abou t  th e category ,  includin g 
cove r  story ,  attributes ,  attribut e value s an d thei r  bas e rate s 
(eac h attribut e wa s describe d a s havin g a n abnorma l  valu e 
7 5 % o f  th e tim e an d a  norma l  valu e 2 5 % o f  th e time) ,  a 
verba l  descriptio n o f  th e causa l  relationships ,  an d a  diagra m 
summar izm g th e causa l  relationships .  Subject s studie d thi s 
mformatio n a t  thei r  o w n pace ,  an d wer e abl e t o m o v e bac k 
and fort h throug h th e five  screens .  W h e n ready ,  subject s 
too k a  21-ite m multiple-choic e tes t  tha t  questione d the m 
abou t  (a )  whic h value s a n attribut e coul d take ,  (b )  wha t  th e 
cause s o f  a n attribut e were ,  (c )  wha t  th e effect s o f  a n 
attribut e were ,  an d s o on .  I f  unabl e t o answe r  a  question , 
subject s coul d reques t  "help "  whic h woul d caus e th e 
compute r  t o re-presen t  th e fiv e screen s o f  information . 
Subject 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 . 

I n th e secon d learnin g phase ,  subject s receive d statistica l 
informatio n abou t  th e categor y i n th e for m o f  categor y 
exemplars .  Subject s wer e tol d tha t  the y woul d se e 6 4 
exemplars ,  3 2 o f  whic h wer e fro m th e targe t  categor y (e.g. , 
"Keho e Ants" )  an d 3 2 fro m a n "other "  categor y (e.g. ,  "som e 
othe r  kin d o f  ant") ,  an d woul d classif y each .  Targe t  categor y 
exemplar s wer e generate d wit h attribut e bas e rate s tha t 
matche d th e verba l  descriptio n o f  th e categor y ( 7 5 % 
abnormal ,  2 5 % normal) .  H o w e v e r  ther e wer e n o 
correlation s betwee n attributes .  Tha t  is ,  th e correlation s tha t 
woul d b e implie d b y th e common-caus e o r  common-effec t 
causa l  patter n the y jus t  learne d th e categor y possesse d wer e 
not  reflecte d i n th e categor y exemplars .  (A s a  resul t  o f 
holdin g statistica l  informatio n constan t  acros s conditions , 
any effect s o f  causa l  patter n w e observ e mus t  b e attributabl e 
t o difference s i n conceptua l  knowledg e tha t  subject s learn. ) 
The attribute s o f  th e 3 2 exemplar s fro m th e "other "  categor y 
had norma l  value s 7 5 % an d abnorma l  value s 2 5 % o f  th e 
time ,  an d agai n ther e n o correlation s betwee n attributes . 
Subject s receive d feedbac k wit h eac h categorizatio n trial . 

Subject s the n performe d a  transfe r  categorizatio n test .  Fo r 
32 exemplar s the y gav e thei r  confidenc e tha t  th e exempla r 
was a  m e m b e r  o f  th e targe t  category .  Th e 3 2 exemplar s 
consiste d 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 .  Durin g 
thi s phas e subject s receive d n o feedback . 

Results 

We repor t  result s o f  th e transfe r  categorizatio n test .  Ou r 
interes t  wa s i n determinin g h o w importan t  eac h featur e wa s 
i n makin g a  categorizatio n decision ,  an d h o w importan t  i t 
was tha t  a n exempla r  di d no t  violat e th e correlation s implie d 
by th e category' s causa l  links .  W e code d eac h variabl e a j  a s 
- 1 i f  i t  ha d a  norma l  valu e o n attribut e i ,  an d a s -t- 1 i f  i t  ha d 

an abnorma l  value ,  an d the n performe d a  multipl e regressio n 
fo r  eac h subjec t  i n whic h a  subject' s confidenc e judgment s 
was regresse d ont o 1 5 predictor s consistin g o f  th e aj' s  (aj , 
a2 ,  33 ,  34) ,  th e si x two-wa y interaction s (aia 2 ,  3)33 ,  etc.) , 
th e fou r  three-wa y interaction s (313233 ,  etc.) ,  sn d th e singl e 
four-wa y interaction .  Th e two-wa y interactio n term s cod e 
whethe r  th e subjec t  utilize s correlation s betwee n attributes . 
The regressio n weight s average d ove r  subject s fo r  eac h a ^  ai t 
presente d i n Figur e 2 . 

24 
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Figur e 2 

Figur e 2  demonstrste s a  clea r  effec t  o f  causa l  patter n o n 
weight s give n t o attribute s i n producin g category -
membershi p confidenc e judgments .  I n th e common-caus e 
condition ,  subject s weighte d th e common-caus e attribute , 
3] ,  mor e heavil y tha n th e effec t  attributes .  I n th e common -
effec t  condition ,  however ,  th e common-effec t  attribute ,  34 , 
was weighte d mos t  heavily .  Thes e result s obtaine d despit e 
th e f3c t  tha t  i n bot h condition s subject s wer e give n explici t 
verba l  informatio n tha t  th e bas e rate s o f  al l  feature s wer e 
identical ,  an d tha t  th e bas e rate s o f  feature s wer e identica l  i n 
th e 3 2 target-categor y exemplar s the y classified .  Thes e 
conclusion s ar e supporte d b y statistic3 l  analysis .  A  2x6x 4 
anslysi s o f  varianc e wit h causa l  patter n an d categor y (Keho e 
Ants ,  Romania n Rogos ,  etc. )  a s between-subjec t  factors ,  3n d 
attribut e regressio n weigh t  (a\ ,  32 ,  33 ,  34 )  3 S a  within -
subjec t  facto r  wa s performed .  Th e onl y significan t  effec t 
was a n interactio n betwee n attribut e weigh t  an d causa l 
patter n (F(3 ,  207)=5.79 ,  p<.005) ,  indicatin g tha t  th e 
weight s give n t o attribute s wer e differen t  i n th e common -
caus e an d common-effec t  conditions .  A  separat e analysi s o f 
th e common-caus e conditio n reveale d tha t  th e weigh t  o f  th e 
common-caus e wa s significantl y greate r  tha n th e mea n 
weigh t  o f  al l  othe r  attribute s (F(l ,  38)=6.40 ,  p<.05) . 
Likewise ,  i n th e common-effec t  conditio n th e weigh t  o f  th e 
common-effec t  wa s significantl y greate r  tha n th e mea n 
weigh t  o f  al l  othe r  attribute s F(l ,  41)=9.52 ,  p<.01 . 
Finally ,  th e weigh t  give n t o A l  wa s greate r  i n th e common -
caus e tha n i n th e common-effec t  conditio n (F(l,69)=4.97) , 
p<.05) ,  an d th e weigh t  give n t o th e A 4 wa s greate r  i n th e 
common-effec t  conditio n tha n i n th e common-caus e 
conditio n (F(l,69)=6.45) ,  p<.05) . 
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Figur e 3  present s th e regressio n weight s average d ove r 
subject s fo r  eac h two-wa y interactio n term ,  an d demonstrate s 
tha t  subject s wer e als o sensitiv e t o th e correlation s implie d 
by th e causa l  explanations .  I n th e common-caus e condition , 
al l  thre e two-wa y interaction s tha t  corresponde d t o common -
caus e causa l  link s (aia 2 ,  aia3 ,  an d aia4 )  wer e heavil y 
weighted ,  a s wer e al l  interaction s tha t  corresponde d t o 
common-effec t  causa l  link s (aia 4 ,  a2a4 ,  an d a3a4 )  i n th e 
common-effec t  condition . 

12' 
- O Common Effec t 

" •  Common Caus e 

1 1  1  1  1  r 
ala 2 ala 3 ala 4 a2a 4 a3a 4 a2a 3 

Two-Way Interaction s 

Figure 3 

A 2x6x 6 analysi s o f  varianc e wit h causa l  patter n an d 
categor y a s between-subjec t  factors ,  an d interactio n 
regressio n weigh t  a s a  within-subjec t  facto r  wa s performed . 
Ther e wa s a  significan t  interactio n betwee n interactio n 
weigh t  an d causa l  patter n (F(5 ,  345)=10.73 ,  p<.0001) , 
indicatin g tha t  th e weight s give n t o correlation s wer e 
statisticall y differen t  i n th e common-caus e an d common -
effec t  conditions .  A  separat e analysi s o f  th e common-caus e 
conditio n reveale d tha t  th e weight s give n t o th e common -
caus e correlation s (aia2 ,  aia3 ,  aia4 )  wer e significantl y 
greate r  tha n weight s give n t o irrelevan t  correlation s (F(l , 
38)=5.93 ,  p<.05) .  I n th e common-effec t  conditio n th e 
weight s give n t o th e common-effec t  correlation s ( a 134 , 
3234 ,  3334 )  wer e significsntl y greate r  tha n weight s give n t o 
irrelevan t  correlation s F(l ,  41)=30.69 ,  p<.0001 .  I n al l 
cases ,  weight s give n t o correlation s relevan t  t o on e 
conditio n bu t  no t  th e othe r  (e.g. ,  aia 2 i s relevan t  t o th e 
common-caus e bu t  no t  th e common-effec t  condition )  wer e 
significantl y differen t  i n th e tw o conditions . 

The importanc e o f  correlation s i s illustrate d clearl y i n 
Figur e 4 ,  whic h present s confidenc e judgment s fo r  tw o 
stimulu s patterns ,  011 1 an d 111 0 ( 1 meanin g th e most -
typica l  abnorma l  attribut e value ,  an d 0  th e less-typica l 
norma l  value) .  Stimulu s patter n 011 1 i s give n a  lowe r 
ratin g i n th e common-caus e conditio n because ,  presumably , 
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 )  wherea s onl y on e 
causa l  lin k i s violate d i n th e common-effec t  condition . 
Conversely ,  stimulu s patter n 111 0 i s rate d lowe r  i n th e 
common-effec t  conditio n because ,  presumably ,  al l  thre e 
common-effec t  causa l  link s ar e violate d (th e effec t  i s  absen t 

but  al l  thre e cause s ar e present )  bu t  onl y on e common-caus e 
lin k i s violated .  Not e tha t  i n th e common-effec t  conditio n 
th e patter n missin g a  caus e (0111 )  i s rate d muc h highe r  tha n 
th e patter n missin g th e effec t  (1110) ,  a  resul t  opposit e o f 
tha t  predicte d b y th e causa l  statu s hypothesis . 
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Figure 4 

Not e tha t  th e effect s demonstrate d i n Figure s 2 ,  3 ,  an d 4 
must  b e attribute d t o difference s i n th e conceptua l  knowledg e 
tha t  subject s learne d i n th e common-caus e 3n d c o m m o n -
effec t  conditions ,  becaus e al l  subject s wer e give n th e sam e 
statistica l  information ,  tha t  is ,  th e sam e categor y exemplars . 

The weight s give n t o three-wa y interactio n term s o r  th e 
four-wa y interactio n ter m di d no t  diffe r  significantl y betwee n 
group s an d fro m zero .  Not e tha t  ther e wa s n o effec t  o f 
categor y i n an y analysis ,  eve n whe n mor e powerfu l  single -
degree-of-freedo m test s o f  difference s betwee n kin d o f 
categorie s (e.g. ,  natura l  kin d versu s artifact )  wer e performed . 

Individual Differences 

Our  per-subjec t  regressio n analyse s yielde d 1 5 paramete r 
estimate s fo r  eac h subject ,  an d thes e estimate s jointl y 
characteriz e th e strateg y tha t  a  subjec t  employe d i n orde r  t o 
make categorizatio n judgments .  A  cluste r  analysi s wa s 
performe d i n th e 15-dimensio n parsmete r  estimat e spac e t o 
identif y group s o f  subject s wit h simil3 r  strstegies .  1 8 
cluster s wer e identified .  Tabl e 2  present s fourtee n o f  th e 
most  frequen t  an d interpretabl e clusters ,  accountin g fo r  7 5 
(93% )  o f  th e 8 1 subjects .  Th e tabl e indicate s whic h o f  th e 
15 regressio n term s ha d paramete r  estimate s considerabl y 
differen t  fro m zero ;  term s tha t  appea r  i n bol d hav e 
substantiall y  large r  regressio n weight s tha n othe r  terms . 
The thir d an d fourt h column s o f  Tabl e 2  indicat e ho w man y 
subject s employe d a  strateg y fo r  eac h causa l  pattern . 

Cluster s 1 ,  2 ,  an d 3  reflec t  strategie s tha t  di d no t  utiliz e 
th e causa l  informatio n tha t  subject s wer e provided .  Cluster s 
1 an d 2  reflec t  a  famil y resemblanc e strateg y i n whic h al l 
fou r  attribute s ar e weighte d spproximstel y equally ,  an d ther e 
was n o us e o f  correlation s betwee n attributes .  (Th e negativ e 
three-wa y interaction s o f  Cluste r  2  ar e du e t o floo r  an d 
ceilin g effects. )  I n Cluste r  3 ,  subject s base d categorizatio n 
decision s primaril y o n th e first  an d fourt h attribute . 
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7 
10 

") 
0 
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0 
0 
0 

0 
5 
4 

7 

2 
1 

Tabl e 2 

Cluster s 4- 9 ar e interpretabl e a s strategie s appropriat e t o 
th e common-caus e condition .  I n Cluste r  4  subject s utilize d 
al l  attributes ,  bu t  weighte d th e common-caus e mos t  heavily . 
I n Cluste r  5 ,  the y utilize d th e common-caus e an d 
correlation s wit h it s  effects .  I n Cluste r  6 ,  onl y th e effect s 
wer e weighted ,  wherea s i n Cluste r  7  onl y th e common-caus e 
correlation s wer e weighted .  I n Cluste r  8 ,  th e common -
cause ,  It s effects ,  an d th e correlation s al l  influence d th e 
categorizatio n decision .  I n Cluste r  9  th e subject s attende d t o 
th e firs t  tw o attribute s an d th e correlatio n betwee n them . 

Cluster s 10-1 4 represen t  common-effec t  strategies .  I n 
Cluste r  10 ,  onl y correlation s betwee n th e common-effec t  an d 
it s cause s wer e weighted .  I n Cluster s 1 1 an d 1 2 th e 
conmion-effect ,  it s  causes ,  an d correlation s betwee n th e tw o 
al l  wer e utilized .  I n addition ,  i n Cluste r  1 1 subject s 
apparentl y employe d a  comple x multi-attribut e strateg y i n 
whic h a n exempla r  woul d ten d t o b e classifie d a s a  member 
of  a  common-effec t  targe t  categor y onl y i f  i t  possesse d th e 
common-effec t  featur e an d on e cause ,  apparentl y requirin g 
th e effec t  t o b e justifie d b y th e presenc e o f  a t  leas t  on e 
cause .  I n Cluste r  1 3 onl y th e cause s o f  th e common-effec t 
wer e considered ,  an d i n Cluste r  1 4 th e common-effec t  an d 
th e correlation s wit h it s cause s wer e utilized . 

Discussion 

Contrar y t o th e prediction s o f  th e causa l  statu s hypothesis , 
subject s i n th e common-effec t  conditio n weighte d th e effec t 
more heavil y tha n th e cause s i n makin g categorizatio n 
decisions .  O f  1 9 (ou t  o f  42 )  common-effec t  subject s tha t 

clearl y mad e us e o f  th e causa l  lin k informatio n tha t  wa s 
provided ,  onl y tw o weighte d th e cause s mor e heavil y tha n 
th e common-effect ,  wherea s 1 1 weighte d th e common-effec t 
more heavily .  I n th e common-caus e conditio n subject s di d 
weigh t  th e caus e mor e heavil y tha n th e effect s o n average . 
However ,  thi s strateg y wa s no t  adopte d b y al l  common -
caus e subjects .  O f  2 1 (ou t  o f  39 )  common-caus e subject s 
tha i  clearl y mad e us e o f  th e causa l  lin k information ,  onl y 1 3 
subject s weighte d th e common-caus e mor e heavil y tha n th e 
effects .  Fou r  subject s weighte d th e effect s mor e heavil y 
tha n th e common-cause . 

The common-effec t  result s ma y b e surprisin g i n ligh t  o f 
th e fac t  tha t  Ah n an d Lassalin e (1996 ,  Experimen t  2 )  foun d 
cause s t o b e weighte d mor e heavil y i n common-effec t  causa l 
pattern s suc h a s thos e show n i n Figur e 5 .  However ,  th e 
exemplar s presente d t o thei r  subject s consiste d o f  attribute s 
tha t  mad e u p three-elemen t  subchain s (e.g. ,  Al ,  A2 ,  an d 
A3) .  Th e for m o f  reasonin g invoke d fo r  causa l  chain s ma y 
be differen t  tha n tha t  invoke d fo r  common-effec t  patterns , 
eve n whe n th e chai n i s embedde d i n a  common-effec t 
pattern .  Anothe r  differenc e i s tha t  th e presen t  stud y provide d 
subject s wit h som e detai l  concernin g ho w on e attribut e 
cause d anothe r  (se e Appendix) . 

Al 

A4 

A2 

A5 > 

A3 

Al 

A4 

A6 

A8 

Common-Effect- 2 Common-Effect- 4 

Figur e 5 

On th e surface ,  ou r  result s sugges t  tha t  featur e importanc e 
may b e a  functio n o f  th e numbe r  o f  relation s i n whic h a 
featur e participate s (Centner ,  1989) .  O n thi s view ,  th e 
common-effec t  i s  weighte d mor e heavil y becaus e i t 
participate s i n thre e causa l  relation s wherea s it s cause s 
participat e i n onl y one .  However ,  ou r  result s indicat e tha t 
some peopl e als o tak e int o accoun t  higher-orde r  configura l 
informatio n suc h a s correlation s whe n makin g categorizatio n 
decisions .  Te n common-caus e subject s an d 1 7 common-
effec t  subject s mad e us e o f  correlation s betwee n cause s an d 
effects .  Fou r  common-effec t  subject s engage d i n a  multi -
attribut e strateg y tha t  require d th e effec t  t o b e justifie d b y a t 
leas t  on e cause .  Thus ,  assignin g role s o f  caus e an d effec t  t o 
attribute s ha s mor e far-reachin g consequence s o n 
categorizatio n tha n jus t  changin g th e weight s give n t o th e 
attributes . 

We hav e interprete d th e two-wa y interactio n term s o f  ou r 
per-subjec t  regressio n analyse s a s indicatin g whethe r  th e 
individua l  wa s detectin g violation s o f  correlations .  Unde r 
thi s interpretation ,  a  violatio n occur s wheneve r  a  caus e i s 
absen t  an d a n effec t  present ,  o r  a  caus e i s presen t  an d th e 
effec t  absent .  I n fact ,  peopl e ma y diffe r  abou t  whe n a  cause -
effec t  relationshi p i s violated :  (a )  whe n th e caus e i s presen t 
and th e effec t  absen t  (a n "unfulfille d cause") ,  (b )  whe n th e 
caus e i s absen t  an d th e effec t  presen t  (a n "unexplaine d 
effect") ,  (c )  whe n th e caus e o r  th e effec t  i s  absent ,  an d s o on . 
The presen t  result s d o no t  allo w u s t o determin e whic h 
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notion s o f  violatio n ou r  subject s wer e employing .  W e ar e 
currentl y i n th e proces s o f  testin g mor e elaborat e stimulu s 
set s tha t  wil l  allo w u s t o answe r  thi s question . 

We foun d tha t  th e kin d o f  categor y (biologica l  kind , 
nonlivin g natura l  kind ,  o r  artifact )  ha d n o effec t  o n ho w 
attribute s an d attribut e pair s wer e weighte d durin g 
categorization ,  an d di d no t  interac t  wit h causa l  pattern .  Thi s 
nul l  resul t  support s a n approac h t o categorizatio n tha t 
emphasize s th e role s o f  causa l  relation s a s oppose d t o th e 
"kin d o f  kind" .  Not e tha t  th e powe r  o f  ou r  test s involvin g 
kin d o f  categor y wer e capabl e o f  detectin g effect s o f  moderat e 
siz e o r  larger .  However ,  th e actua l  effec t  size s o f  effect s 
involvin g kin d o f  categor y wer e typicall y quit e smal l 
(ti2<.01) .  Thus ,  th e curren t  stud y indicate s tha t  effect s o f 
kin d o f  category ,  i f  presen t  a t  all ,  ar e small . 

One o f  th e mos t  importan t  findings  o f  th e presen t  stud y i s 
tha t  ou r  subject s employe d suc h a  wid e rang e o f  strategie s 
when makin g categorizatio n decisions .  Thus ,  characterizin g 
averag e performanc e a t  th e grou p leve l  ma y no t  b e a  usefu l 
approac h i n thi s domain .  Instead ,  a  collectio n o f  model s 
whic h identif y th e parameter s responsibl e fo r  determinin g 
whic h strateg y a n individua l  adopt s (se e Nosofsky ,  Palmeri , 
& McKinley ,  1994 )  ma y b e necessar y t o full y  understan d 
th e role s o f  cause s an d effect s i n categorization . 
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A p p e n d i x 

Explanatio n o f  Causa l  Lin k 
A 1 ^ A 2 Bloo d hig h i n iro n sulphat e cause s a  hyperactiv e immun e system .  Th e iro n sulphat e molecule s ar e detecte d a s 

foreig n b y th e immun e system ,  an d th e immun e syste m i s highl y activ e a s a  result . 
A1->A 3 Bloo d hig h i n iro n sulphat e cause s thic k blood .  Iro n sulphat e provide s th e extr a iro n tha t  th e an t  use s t o produc e 

extr a re d bloo d cells .  Th e extr a re d bloo d cell s thicke n th e blood . 
A 1 ^ A 4 Bloo d hig h i n iro n sulphat e cause s faste r  nes t  building .  Th e iro n sulphat e stimulate s th e enzyme s responsibl e fo r 

manufacturin g th e nest-buildin g secretions ,  an d a n an t  ca n buil d it s nes t  faste r  wit h mor e secretions . 
A2-)A 4 A hyperactiv e immun e syste m cause s faste r  nes t  building .  Th e ant s eliminat e toxin s throug h th e secretio n o f  th e 

nest-buildin g fluid .  A  hyperactiv e immun e syste m accelerate s th e productio n o f  nest-buildin g secretion s i n orde r  t o 
eliminat e toxins . 

A3-4A 4 Thic k bloo d cause s faste r  nes t  building .  Th e secrete d flui d i s manufacture d fro m th e ant' s blood ,  an d thicke r  bloo d 
means thicke r  secretions .  Thicke r  secretion s mea n tha t  eac h ne w sectio n o f  th e nes t  ca n b e buil t  wit h fewe r 
application s o f  th e fluid ,  increasin g th e overal l  rat e o f  nes t  building . 
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