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M a r y E .  Lassa l in e 

Departmen t  o f  Psycholog y 

Universit y o f  Illinoi s 

Champaign ,  I L 6182 0 
m l a s s a l i ® p s y c h . u i u c . e d u 

Abstrac t 

What role does causal knowledge play in 

categorization ? Th e curren t  stud y teste d th e 

hypothesi s tha t  weigh t  give n t o feature s i s 

determine d b y th e specifi c  rol e the y pla y withi n a 

causa l  structure .  Afte r  learnin g typica l  symptom s o f 

a disease ,  participant s wer e aske d t o judg e th e 

likelihoo d tha t  ne w patient s ha d tha t  disease .  Hal f 

of  th e patient s wer e missin g on e o f  th e typica l 

symptoms ,  an d th e othe r  hal f  ha d a n extr a sympto m 

( a sympto m typica l  o f  a n alternativ e disease) .  Fo r 

patient s wit h a  missin g symptom ,  likelihoo d rating s 

wer e lowe r  i f  th e missin g sympto m wa s a  caus e o f 

othe r  symptom s tha n i f  i t  wa s a n effect .  However , 

fo r  patient s wit h a n extr a symptom ,  ther e wa s n o 

differenc e betwee n likelihoo d rating s whe n th e extr a 

sympto m wa s a  caus e o r  a n effect .  Thes e result s 

sugges t  on e mechanis m underlyin g difference s 

betwee n expert s an d novice s i n categorization ,  an d 

sugges t  a n explanatio n fo r  w h y differen t  kind s o f 

feature s (e .  g. ,  molecula r  o r  functional )  ar e 

importan t  fo r  differen t  kind s o f  categorie s (e.g. , 

natura l  kind s o r  artifacts) . 

EBL and SBL 

Categorizatio n researc h fall s roughl y int o tw o camps : 

similarity-base d learnin g (SBL )  an d explanation-base d 

learnin g (EBL) .  S B L theorie s ar e base d o n th e 

assumptio n tha t  concept s ar e forme d b y extractin g 

similarit y acros s multipl e examples .  E B L theorie s 

emphasiz e th e rol e o f  prio r  knowledg e i n learnin g ne w 

concepts .  Categorizatio n researc h withi n cognitiv e 

scienc e ha d initiall y  bee n dominate d b y S B L models . 

Recently ,  researcher s hav e pointe d ou t  a  numbe r  o f 

difficultie s face d b y S B L theories ,  an d propose d a 

knowledge-intensiv e E B L view . 

Importance of background knowledge 

Many psychologica l  experiment s supportin g S B L model s 

hav e involve d categorizatio n i n controlle d setting s usin g 

artificiall y  constructe d stimuli .  Therefore ,  S B L theorie s 

ten d no t  t o tak e int o accoun t  th e rol e playe d b y learners ' 

domai n knowledg e i n categorization .  I n contrast ,  man y 

studie s hav e show n tha t  categorizatio n processe s ar e 

strongl y affecte d b y th e learners '  backgroun d knowledg e 

(se e Murph y &  Medin ,  1985 ,  fo r  a  discussion) .  Fo r 

example ,  categor y learnin g occurre d faste r  wit h backgroun d 

knowledg e (Ahn ,  Brewer ,  &  Mooney ,  1992 ;  Pazzani , 

1991) ;  differen t  feature s wer e abstracte d fo r  rul e inductio n 

dependin g o n subjects '  domai n theorie s (Wisniewsk i  & 

Medin ,  1991) ;  an d typicalit y judgment s varie d wit h 

subjects '  perspective s (Barsalou ,  1983 ;  Rot h &  Shoben , 

1983) . 

Importance of relational structure 

I n mos t  S B L theories ,  object s ar e represente d a s set s o f 

independen t  feature s (Tversky ,  1977) .  However ,  feature s i n 

natura l  object s ar e structure d i n man y comple x ways .  Fo r 

example ,  i n th e categor y bird ,  "havin g wings "  an d "buildin g 

nest s i n trees "  ar e no t  independen t  feature s becaus e havin g 

wing s enable s bird s t o fly ,  whic h i n tur n allow s bird s t o 

buil d nest s i n trees .  Recen t  approache s t o similarity , 

inductio n an d categorizatio n hav e emphasize d th e 

importanc e o f  structura l  relations ,  whic h ar e predicate s 

takin g tw o o r  mor e argument s (e.g. ,  "i s  large r  than "  o r 

"causes") ,  ove r  simpl e attriburte s takin g onl y on e argument , 

suc h a s "i s red "  (Centner ,  1989 ;  Goldstone ,  1994 ;  Lassaline , 

1995 ;  Ma rkma n &  Centner ,  1993 ;  Medin ,  Coldstone ,  & 

Centner ,  1993) .  Fo r  example ,  i t  ha s bee n show n tha t  th e 

soundnes s o f  a n analog y i s  determine d b y matchin g o n 

structura l  relation s rathe r  tha n o n simpl e attributes . 

Importance of causal explanations 

The ide a tha t  feature s connecte d t o a  relationa l  structur e ar e 

mor e importan t  i n categorizatio n tha n unrelate d feature s i s 

consisten t  wit h man y E B L system s develope d i n Artificia l 

Intelligenc e (DeJon g &  Mooney ,  1986 ;  Mitchell ,  Kelle r  & 

Kedar-Cabelli ,  1986) .  I n E B L systems ,  a n instanc e i s 

explaine d b y usin g backgroun d knowledge ,  an d the n thi s 

explanator y structur e i s generalize d t o identif y constraint s 

and variable s associate d wit h a  category .  I n makin g 

generalizations ,  causall y connecte d feature s ar e 

incorporate d int o a  schem a a s constraint s tha t  mus t  b e 
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satisfie d i n categorization ,  an d unconnecte d feature s ar e 

allowe d t o tak e variabl e values . 

Feature Role within Relational Structure 

So far ,  w e hav e reviewe d man y studie s showin g tha t 

backgroun d knowledg e i s  crucia l  i n concep t  learnin g 

becaus e i t  specifie s whic h predicate s ar e mor e important . 

The mos t  prevalen t  them e i n thes e studie s i s tha t  feature s 

tha t  belon g t o dependenc y structure s (e.g. ,  relationa l 

feature s o r  explanator y structures )  ar e mor e important . 

However ,  previou s studie s hav e no t  looke d a t  h o w 

argument s withi n th e sam e relationa l  structur e var y i n 

importance .  Tha t  is ,  give n th e relationa l  structur e " X 

cause s Y, "  whic h featur e i s mor e crucia l  i n categorization , 

XorY ? 
T o understan d th e importanc e o f  thi s question ,  conside r 

a clinica l  graduat e studen t  w h o i s  formin g th e concep t 

"borderlin e personalit y disorder "  b y learnin g it s typica l 

symptoms ,  whic h includ e franti c effort s t o avoi d 

abandonment ,  identit y disturbance ,  an d recurren t  suicida l 

behavior .  W h e n diagnosin g a  patien t  wit h borderlin e 

personalit y disorder ,  th e studen t  migh t  simpl y se t  u p a 

threshol d fo r  th e numbe r  o f  typica l  symptom s tha t  a 

patien t  mus t  displa y i n orde r  t o mak e a  positiv e diagnosi s 

(e.g. ,  i f  th e patien t  ha s 5  ou t  o f  9  critica l  symptoms , 

classif y a s borderlin e personality ,  a s describe d i n th e 

D S M IV ,  A P A ,  1994) .  Not e tha t  i f  thi s i s th e manne r  i n 

whic h th e studen t  make s th e diagnosis ,  i t  doe s no t  matte r 

whic h o f  th e typica l  feature s a  patien t  doe s no t  hav e (e.g. , 

suicida l  behavio r  o r  fea r  o f  abandonment) .  Furthermore , 

suppos e th e patien t  ha s a n extr a feature .  I f  th e studen t  i s 

simpl y matchin g th e patien t  agains t  a  se t  o f  typica l 

symptoms ,  i t  woul d no t  matte r  whethe r  th e extr a featur e 

i s "chroni c substanc e use "  o r  "ha s si x toes" . 

Alternatively ,  th e studen t  migh t  lear n th e causa l 

structur e o f  th e symptoms .  Fo r  example ,  sh e migh t 

theoriz e tha t  recurren t  suicid e attempt s ar e cause d b y fea r 

of  abandonment .  Conside r  th e impac t  o f  bot h missin g 

and extr a feature s i n thi s case .  First ,  i f  a  patien t  tha t  fear s 

abandonmen t  doe s no t  currentl y displa y suicida l 

behavior ,  th e studen t  m a y b e n o les s likel y t o mak e a 

positiv e diagnosi s tha n i f  th e patien t  di d displa y suicida l 

behavior ,  becaus e thi s sympto m m a y sho w u p later .  I n 

contrast ,  i f  th e patien t  make s suicid e attempt s i n th e 

absenc e o f  fea r  o f  abandonment ,  th e clinicia n migh t  b e 

mor e likel y t o mak e a n alternativ e diagnos e (e.g. ,  majo r 

depressio n rathe r  tha n borderlin e personality) .  Second ,  i t 

seems tha t  havin g som e extr a feature s woul d hav e mor e 

of  a n effec t  o n th e diagnosi s tha n others .  Fo r  example , 

chroni c substanc e us e m a y matte r  mor e a s a n extr a 

featur e tha n havin g si x  toes ,  becaus e chroni c substanc e 

us e i s causall y connecte d t o a n alternativ e diagnosi s (e.g. , 

majo r  depression )  wherea s havin g si x toe s i s not . 

Existin g knowledge-base d system s canno t  accoun t  fo r 

suc h difference s i n th e importan t  o f  feature s whe n th e 

feature s bot h belon g t o th e sam e relationa l  structur e (a s i s 

th e cas e i n th e exampl e o f  th e clinica l  diagnosis) .  Th e 

presenc e o r  absenc e o f  relationa l  predicate s i s importan t  fo r 

existin g systems .  W e sugges t  tha t  th e differentia l  positio n 

of  argument s withi n th e predicat e als o play s a  rol e i n 

categorization .  Th e goa l  o f  th e curren t  experimen t  i s  t o 

examin e h o w th e causa l  statu s o f  feature s affect s thei r 

importanc e i n categorization . 

I n thi s experiment ,  w e manipulate d th e positio n o f 

symptom s i n a  causa l  chai n (e.g. ,  X  cause s Y ,  an d Y  cause s 

Z) ,  suc h tha t  a  sympto m wa s eithe r  a  caus e o r  a n effec t  o f 

othe r  symptom s i n th e causa l  chain .  W e als o manipulate d 

whethe r  th e symptom s i n th e causa l  chai n wer e associate d 

wit h a  targe t  diseas e o r  a n alternativ e disease .  W e refe r  t o 

absen t  symptom s associate d wit h a  targe t  diseas e a s missin g 

features ,  an d existin g symptom s associate d wit h a n 

alternativ e diseas e a s extr a features . 

We examine d th e effec t  o f  a  missin g an d extr a sympto m 

on diagnosi s o f  a  targe t  diseas e a s a  functio n o f  th e causa l 

statu s (i.e. ,  whethe r  i t  wa s a  caus e o r  a n effec t  o f  othe r 

symptoms )  o f  tha t  missin g o r  extr a symptom .  W e predicte d 

tha t  a  sympto m tha t  wa s a  caus e o f  othe r  symptom s woul d 

hav e greate r  impac t  o n categorizatio n o f  ne w patient s tha n a 

sympto m tha t  wa s a n effec t  i n a  causa l  chain ,  bot h whe n th e 

caus e wa s a  missin g featur e an d whe n i t  wa s a n extr a 

feature . 

Method 

Participant s 

Sixt y undergraduat e student s a t  th e Universit y o f  Louisvill e 

participate d i n thi s stud y eithe r  i n partia l  fulfillmen t  o f 

requirement s o f  a n Introductor y Psycholog y cours e o r  fo r 

payment  o f  $1.00 .  Student s wer e randoml y assigne d t o 

eac h experimenta l  condition .  Participatio n involve d 

approximatel y 1 0 minutes . 

Procedure 

Eac h participan t  wa s give n si x problem s requirin g the m t o 

judg e th e likelihoo d tha t  a  patien t  wit h som e se t  o f 

symptom s ha s a  targe t  disease .  Eac h proble m consiste d o f  a 

descriptio n o f  th e symptom s associate d wit h th e targe t 

diseas e an d a  lis t  o f  a  patient' s symptoms .  Specifically ,  fo r 

eac h o f  th e si x problems ,  subject s wer e first  tol d tha t  ther e 

wer e thre e symptom s associate d wit h th e targe t  diseas e 7 5 % 

of  th e time .  Fo r  som e o f  th e problems ,  subject s als o 

receive d informatio n abou t  causa l  relationship s betwee n 

symptom s associate d wit h th e targe t  diseas e o r  symptom s 
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Tabl e 1 .  Likelihoo d judgmen t  a s a  functio n o f  proble m type . 

Proble m Typ e Backgroun d Knowledg e 

Likelihoo d Judgmen t 

Information about Missing Symptom 

Unavailable Explicit 

Missing-Effec t 

Missing-Caus e 

Missing-Non e 

Extra-Effec t 

Extra-Caus e 

Extra-Non e 

A cause d B ,  B  cause d C 

C cause d B ,  B  cause d A 

non e 

F cause d E ,  E  cause d D 

D cause d E ,  E  cause d F 

non e 

P( X 1  A ,  B ,  (O ) 

P( X 1  A ,  B ,  (O ) 

P( X 1  A ,  B ,  (O ) 

P( X 1  A ,  B ,  C ,  D ) 

P( X 1  A ,  B ,  C ,  D ) 

P( X 1  A ,  B ,  C ,  D ) 

P( X 1  A ,  B ,  no-C ) 

P( X 1  A ,  B ,  no-C ) 

P( X 1  A ,  B ,  no-C ) 

P( X 1  A ,  B ,  C ,  D ) 

P( X 1  A ,  B ,  C ,  D ) 

P( X 1  A ,  B ,  C ,  D ) 

associate d wit h a n alternativ e disease .  Subject s wer e 

the n presente d wit h a  descriptio n o f  a  particula r  patient' s 

symptom s an d aske d t o judg e th e likelihood ,  usin g a  0 -

100 scale ,  tha t  th e patien t  ha d th e targe t  disease .  Fo r 

example ,  on e o f  th e problem s wa s th e following : 

Scientists have found that symptoms A, B and C are 

associate d wit h Diseas e Xen o 7 5 % o f  th e time .  I n 

addition ,  scientist s hav e foun d tha t  sympto m A 

cause s sympto m B ,  an d sympto m B  cause s sympto m 

C.  Suppos e Susa n ha s symptom s A  an d B ,  bu t  w e d o 

not  hav e an y informatio n abou t  whethe r  sh e ha s 

sympto m C  o r  not .  H o w likel y i s i t  tha t  Susa n ha s 

Xeno? 

Design 

Thre e variable s wer e manipulate d i n thi s experiment : 

Missin g Informatio n Condition ,  whic h refer s t o th e 
manner  i n whic h informatio n abou t  missin g symptom s 

was give n (Unavailabl e o r  Explicit) ;  Sympto m Type , 

whic h refer s t o th e manne r  i n whic h a  patien t  descriptio n 

differe d fi-om  th e abstrac t  descriptio n o f  th e diseas e 

(Missin g o r  Extra) ;  an d Knowledg e Type ,  whic h refer s t o 

th e manne r  i n whic h missin g o r  extr a symptom s wer e 

causall y connecte d t o othe r  feature s (Cause ,  Effect ,  o r 

None) . 

Missin g Informatio n Conditio n varie d betwee n 

subjects .  I n th e Unavailabl e condition ,  subject s wer e tol d 

tha t  ther e wa s n o availabl e informatio n abou t  th e missin g 

sympto m (a s i n th e exampl e above) .  I n th e Explici t 

condition ,  subject s wer e tol d tha t  th e patien t  definitel y di d 

not  hav e a  particula r  sympto m know n t o b e associate d 

wit h th e targe t  disease . 

Bot h Sympto m Typ e (Missin g o r  Extra )  an d 

Knowledg e Typ e (Cause ,  Effec t  o r  None )  varie d within -

subjec t  t o for m a  se t  o f  si x problems .  Ther e wer e thre e 

problem s i n whic h th e descriptio n o f  th e patien t  wa s missin g 

one o f  th e symptom s associate d wit h th e targe t  disease :  (I ) 

Missing-Cause ,  i n whic h th e missin g sympto m wa s th e caus e 

i n a  chai n o f  symptom s associate d wit h th e targe t  disease ;  (2 ) 

Missing-Effect ,  i n whic h th e missin g sympto m wa s th e effec t 

i n a  chai n o f  symptom s associate d wit h th e targe t  disease ; 

and (3 )  Missing-None ,  i n whic h n o backgroun d knowledg e 

abou t  causa l  relationship s betwee n symptom s associate d wit h 

th e targe t  diseas e wa s provided .  Th e exampl e i n th e 

procedur e sectio n i s a  Missing-Effec t  problem .  Ther e wer e 

thre e problem s i n whic h th e descriptio n o f  th e patien t 

containe d a  sympto m tha t  wa s know n t o b e associate d wit h 

an alternativ e disease :  (I )  Extra-Cause ,  i n whic h th e extr a 

sympto m wa s th e caus e i n a  chai n o f  symptom s associate d 

wit h th e alternativ e disease ;  (2 )  Extra-Effect ,  i n whic h th e 

extr a sympto m wa s th e effec t  i n a  chai n o f  symptom s 

associate d wit h th e alternativ e disease ;  an d (3 )  Extra-None , 

i n whic h n o backgroun d knowledg e abou t  causa l  relation s 

betwee n symptom s associate d wit h th e alternativ e diseas e 

was provided .  I n addition ,  al l  participant s wer e tol d tha t  a 

perso n canno t  hav e th e targe t  diseas e an d th e alternativ e 

diseas e a t  th e sam e time . 

Materials 

Si x problem s wer e create d fo r  eac h o f  th e Missin g 

Informatio n condition s (Unavailabl e an d Explicit )  b y 
crossin g th e tw o level s o f  Sympto m Typ e wit h th e thre e 

level s o f  Knowledg e Type .  Likelihoo d judgment s require d 

fo r  eac h o f  th e si x proble m type s ar e give n i n Tabl e 1 . 

I n Tabl e I ,  th e thre e symptom s associate d wit h th e targe t 

diseas e ar e referre d t o a s A ,  B  an d C ,  an d th e thre e symptom s 

associate d wit h th e alternativ e diseas e ar e referre d t o a s D ,  E 

and F .  Th e missin g symptom ,  whic h i s associate d wit h th e 

targe t  diseas e bu t  i s no t  containe d i n th e descriptio n o f  th e 

patient ,  i s  C .  Th e extr a feature ,  whic h i s associate d wit h a n 

alternativ e diseas e an d i s possesse d b y th e patient ,  i s  D .  Th e 
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Unavailabl e conditio n i s denote d "(C)" ,  t o indicat e tha t 

becaus e n o knowledg e abou t  C  i s available ,  th e patien t 

m ay o r  m a y no t  hav e s y m p t o m C .  Th e Explici t  conditio n 

i s denote d "no-C" ,  t o indicat e tha t  i t  i s  k n o w n tha t  C  i s 

not  present .  Th e likelihoo d judgmen t  require d fo r  eac h 

questio n typ e i s indicate d b y a  probabilit y  statemen t  (e.g. , 

"P( X I  A ,  B ,  C ,  D ) "  shoul d b e rea d "Wha t  i s th e likelihoo d 

tha t  th e patien t  ha s Diseas e X ,  give n tha t  th e patien t  ha s 

symptom s A ,  B ,  C  an d D?" ) .  Th e si x problem s give n t o 

subject s i n th e Unavailabl e an d th e Explici t  condition s ar e 

liste d unde r  th e headin g "Informatio n abou t  Missin g 

Symptom" .  O f  th e si x problem s give n t o eac h subject , 

thre e involve d a  missin g featur e an d thre e involve d a n 

extr a feature ,  on e fo r  eac h o f  th e backgroun d knowledg e 

condition s (Cause ,  Effect ,  an d None ) .  Althoug h th e 

letter s A- F wer e use d i n Tabl e 1 ,  i n th e actua l  stimulu s 

materials ,  differen t  set s o f  letter s wer e use d fo r  eac h 

proble m t o labe l  th e symptom s an d differen t  fictitiou s 

names wer e use d fo r  th e diseases .  Subject s wer e tol d tha t 

th e name s o f  th e symptom s wer e difficul t  t o pronounce , 

so letter s o f  th e alphabe t  wer e use d t o labe l  th e symptoms . 

Consecutiv e letter s o f  th e alphabe t  wer e no t  use d t o labe l 

th e thre e symptom s associate d wit h eac h disease . 

80 

^  7 0 
c 
0) 
E 
•1 
•o 6 0 50 

a> 

I 

40 

30 

20 

66 5 

51. 8 ^ ^ 1 

1 

543 
^ ^ ^ 

46. 6 ^ ^ 1 

1 

dMIssin g BExtr a 

63 

537 
^^HH H 
^ ^ 1 

1 

None Caus e 

Backgroun d Knowledg e 

Effec t 

Figur e 1 :  Ave rag e likelihoo d j u d g m e n t  a s a  functio n o f 

backgroun d k n o w l e d g e an d s y m p t o m typ e fo r  Explici t 

condition . 

Resu l t s 

Averag e likelihoo d rating s fo r  eac h o f  th e si x proble m 

type s i n th e Explici t  conditio n ar e give n i n Figur e 1 ,  an d 

averag e likelihoo d rating s fo r  th e si x problem s i n th e 

Unavailabl e conditio n ar e give n i n Figur e 2 .  Th e impac t 

of  missin g an d extr a feature s varie d a s a  functio n o f  thei r 

statu s i n th e causa l  chains .  W e wil l  firs t  discus s result s 

fro m th e missin g feature s followe d b y result s fro m th e 

extr a features . 

Analysis of categorization with missing features 

As show n i n Figur e 1 ,  subject s i n th e Explici t  conditio n 

wer e leas t  likel y t o believ e tha t  a  patien t  ha d a  diseas e i f 

th e patien t  wa s missin g a  featur e tha t  wa s a  caus e i n th e 

chai n o f  symptom s associate d wit h th e targe t  disease . 

Subject s rate d th e likelihoo d tha t  a  patien t  ha d th e targe t 

diseas e 16 .4 % lowe r  fo r  th e Missing-Caus e proble m tha n 

fo r  th e Missing-Effec t  problem ,  t(29 )  =  3.17 ,  p  <  .01 ;  an d 

5 . 2 % lowe r  fo r  th e Missing-Caus e tha n fo r  th e Missing -

None ,  p  >  .10 .  Th e missin g caus e le d t o a  lowe r 

likelihoo d o f  diagnosi s a s th e targe t  diseas e tha n th e 

missin g effect .  I n addition ,  subject s rate d th e likelihoo d 

tha t  a  patien t  ha d th e targe t  diseas e 11 .2 % highe r  fo r  th e 

Missing-Effec t  proble m tha n fo r  th e Missing-Non e 

problem ,  t(29 )  =  3.17 ,  p  <  .01 .  Th e missin g effec t  wa s 

eve n les s importan t  fo r  targe t  diseas e categorizatio n tha n 

th e sympto m tha t  di d no t  hav e an y causa l  relationshi p 

wit h othe r  symptoms . 
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Figur e 2 .  A v e r a g e likelihoo d j u d g m e n t  a s a  functio n o f 

backgroun d k n o w l e d g e an d s y m p t o m typ e fo r  Unavailabl e 

condition . 

Interestingly, this significant decrease in belief that a 

patien t  ha d th e targe t  diseas e a s a  resul t  o f  a  missin g causa l 

featur e di d no t  occu r  i n th e Unavailabl e condition ,  i n wh ic h 

subject s w e r e tol d tha t  n o informatio n w a s availabl e abou t 

th e presenc e o f  s y m p t o m C  fo r  th e patient .  A s s h o w n i n 

Figur e 2 ,  fo r  th e Unavailabl e condition ,  th e m e a n likelihoo d 

j u d g m e n t  fo r  th e Missing-Caus e prob le m w a s 1 4 . 1 % greate r 

tha n fo r  th e M iss ing -Non e problem ,  t(29 )  =  4.54 ,  p  <  .01 . 
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Judgment s fo r  th e Missing-Caus e proble m di d no t  diffe r 

from  judgment s fo r  th e Missing-Effec t  problem ,  p  >  .10 . 

Again ,  a s i n th e Explici t  condition ,  judgment s fo r  th e 

Missing-Effec t  proble m wer e stil l  14 .2 % greate r  tha n fo r 

th e Missing-None ,  t(29 )  =  4.76 ,  p  <  .01 . 

To summariz e result s wit h a  missin g symptom ,  whe n 

th e presenc e o f  th e sympto m wa s no t  explicitl y  denie d 

(i.e. ,  i n th e Unavailabl e condition) ,  an d therefor e subject s 

coul d mak e inference s abou t  th e presenc e o r  absenc e o f 

th e symptom ,  causa l  backgroun d knowledg e le d t o a n 

increas e i n targe t  diseas e categorization .  Peopl e coul d 

infe r  th e presenc e o f  th e missin g sympto m i f  i t  wa s 

causall y connecte d wit h othe r  symptoms ,  eithe r  a s a  caus e 

or  a n effect .  However ,  i f  th e presenc e o f  th e sympto m 

was explicitl y  denied ,  causa l  backgroun d knowledg e ha d 

differentia l  impac t  dependin g o n whethe r  th e sympto m 

was a  caus e o r  a n effect .  Missin g a  caus e le d t o a  lowe r 

likelihoo d o f  bein g diagnose d a s th e targe t  diseas e tha n 

missin g a n effect . 

Analysis of categorization with extra features 

As wit h missin g features ,  th e importanc e o f  extr a feature s 

was affecte d b y causa l  backgroun d knowledg e abou t  th e 

extr a feature .  Unlik e wit h missin g features ,  however ,  th e 

particula r  causa l  statu s o f  a n extr a featur e i n a n alternativ e 

diseas e di d no t  matter .  Tha t  is ,  i n bot h th e Explici t  an d 

th e Unavailabl e conditions ,  th e caus e o f  a n alternativ e 

diseas e an d th e effec t  o f  a n ahemativ e diseas e wer e 

equall y likel y t o lowe r  th e subjects '  ratings ,  p  >  0.10 . 

However ,  bot h th e caus e an d th e effec t  o f  a n alternativ e 

diseas e mattere d mor e tha n a n extr a featur e tha t  ha d n o 

causa l  relationshi p wit h feature s i n th e alternativ e disease , 

p<.05 . 

Discussion 

We investigate d th e impac t  o f  th e absenc e o f 

characteristi c feature s an d th e presenc e o f  extr a feature s 

on categorizatio n a s a  functio n o f  th e causa l  statu s o f  th e 

feature .  W e foun d tha t  weigh t  give n t o extr a an d missin g 

feature s i s influence d b y th e specifi c  rol e the y pla y withi n 

th e causa l  structure .  Withi n a  singl e causa l  structure , 

cause s ar e believe d t o b e mor e importan t  i n categorizatio n 

tha n effects .  People' s categorization s reflec t  thei r  belie f 

i n th e existenc e o f  fundamenta l  feature s share d 

exclusivel y b y member s o f  a  categor y (Medi n &  Ortony , 

1988) .  Indeed ,  m a n y researcher s i n judgmen t  an d 

reasonin g hav e foun d tha t  inferenc e proceed s from  caus e 

t o effec t  rathe r  tha n effec t  t o caus e (Einho m &  Hogarth , 

1986 ;  Tversk y &  Kahneman ,  1982) .  Ou r  result s sugges t 

tha t  thi s i s no t  alway s th e case :  th e presenc e o f  a  caus e i s 

mor e crucia l  whe n confirmin g targe t  categor y 

membership ,  bu t  th e causa l  statu s o f  a  featur e i n a n 

alternativ e categor y wa s no t  importan t  whe n disconfirmin g 

targe t  categor y membership .  W h e n a  caus e k n o w n t o b e 

associate d wit h a  targe t  categor y i s missing ,  othe r  associate d 

feature s ar e give n les s weigh t  a s evidenc e tha t  th e exampl e i s 

a m e m b er  tha n whe n tha t  sam e featur e i s a n effec t  o f  othe r 

features .  I n confrast ,  th e presenc e o f  a  caus e associate d wit h 

an alternativ e categor y i s give n jus t  a s m u c h weigh t  a s 

counte r  evidenc e fo r  targe t  categor y membershi p a s th e 

presenc e o f  a n effect . 

A follow-u p stud y suggest s a n explanatio n fo r  th e 

interactio n betwee n type s o f  categorie s an d type s o f  feature s 

observe d i n previou s categorizatio n researc h (Barto n & 

Komatsu ,  1989 ;  Gehnan ,  1988 ;  Kei l  &  Batterman ,  1984) . 

Thes e studie s hav e show n tha t  changin g a  featur e o f  a n 

objec t  ha s a  differen t  effec t  o n belie f  abou t  th e identit y o f  th e 

objec t  dependin g o n bot h th e kin d o f  categor y t o whic h th e 

objec t  belong s (i.e. ,  natura l  kind s o r  artifacts )  an d th e typ e o f 

featur e whic h wa s change d (i.e. ,  "molecular" ,  o r  havin g t o d o 

wit h wha t  th e objec t  i s m a d e of ,  o r  "ftinctional" ,  havin g t o d o 

wit h wha t  th e objec t  i s  use d for) .  I n thes e studies ,  molecula r 

feature s (e.g. ,  mad e o f  w o o d )  ar e mor e importan t  fo r 

identificatio n a s a  m e m b e r  o f  a  natura l  kin d categor y tha n a s 

a m e m b er  o f  a n artifac t  category .  I n confrast ,  functiona l 

feature s (e.g. ,  use d fo r  writing ,  give s milk )  ar e mor e 

importan t  fo r  artifac t  categor y membershi p tha n natura l  kin d 

categor y membership . 

Thes e result s ca n b e explaine d withi n th e curren t 

framework.  Molecula r  feature s i n natura l  kind s serv e a s 

cause s fo r  othe r  features ,  includin g functiona l  propertie s 

(e.g. ,  goats '  D N A structur e allow s the m t o giv e milk) .  I t  i s 

th e causa l  statu s o f  molecula r  feature s o f  natura l  kinds ,  rathe r 

tha n th e fac t  tha t  the y ar e molecula r  feature s pe r  se ,  whic h i s 

responsibl e fo r  thei r  importanc e t o natura l  kin d categor y 

membership .  I n artifacts ,  molecula r  feature s d o no t 

necessaril y  determin e th e functio n o f  categories ,  wherea s 

functiona l  propertie s typicall y d o determin e th e molecula r 

feature s o f  th e artifac t  (e.g. ,  wha t  i t  i s  m a d e of) .  I n ou r 

follow-u p study ,  w e pitte d causa l  statu s o f  feature s agains t 

typ e o f  categor y (natura l  kin d v .  artifact )  an d typ e o f  featur e 

(molecula r  v .  functional )  an d confirme d ou r  hypothesis . 

That  is ,  whe n a  molecula r  structur e wa s describe d a s a n 

effec t  o f  a  functiona l  propert y i n natura l  kinds ,  th e functiona l 

propert y wa s considere d t o b e mor e importan t  fo r 

categorizatio n tha n th e molecula r  structure ,  reversin g th e 

previou s findings .  Similarly ,  whe n a  functiona l  propert y wa s 

describe d a s a n effec t  o f  a  molecula r  propert y i n artifacts ,  th e 

effec t  foun d i n previou s studie s wa s agai n reversed . 

Finally ,  w e speculat e tha t  thi s mechanis m m a y b e 

responsibl e fo r  difference s betwee n expert s an d novice s i n 

categorization .  Expert s an d novice s m a y k n o w th e sam e 

features ,  bu t  thes e feature s m a y resid e i n differen t  causa l 

structures .  B y changin g th e causa l  statu s o f  features ,  thei r 

importanc e fo r  categorizatio n als o changes .  I n conclusion . 
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th e result s o f  th e curren t  stud y sugges t  a  mechanis m fo r 

determinin g th e importanc e o f  feature s i n categorization . 
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