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T h e Effect s o f  Featur e Necessit y a n d Extrinsicit y o n Categor y Contras t 

i n Natura l  L a n g u a g e Categorie s 

Lesli e J .  Capla n 

Nationa l  Institut e o f  Menta l  Healt h 
Nationa l  Institute s o f  Healt h 

Federa l  Building ,  Roo m BlA-1 4 
Bethesda,M D 2089 2 

Robin A. Barr 

Nationa l  Institut e o n Agin g 

Nationa l  Institute s o f  Healt h 
Buildin g 31 ,  Roo m 5C-3 2 

Bethesda,M D 2089 2 

Abstrac t 
Thi s experimen t  teste d tw o hypotheses :  1 )  tha t  categorie s 
represente d b y feature s tha t  man y peopl e believ e t o b e necessar y 
wil l  demonstrat e stronge r  categor y contras t  tha n thos e 
represente d b y feature s tha t  fe w peopl e believ e t o b e necessary , 
and 2 )  tha t  categorie s tha t  peopl e believ e ar e represente d 
primaril y b y intrinsi c feature s (i.e. ,  feature s tru e o f  a n entit y i n 
isolation )  wil l  hav e stronge r  categor y contras t  tha n thos e tha t 
peopl e believ e ar e represente d primaril y b y extrinsi c feature s 
(i.e. ,  feature s tha t  represen t  relation s betwee n a n entit y an d 
othe r  entities) .  Th e fmding s suppor t  onl y th e secon d hypothesis . 

Introduction 

I n thi s paper ,  w e examin e contras t  a m o n g hierarchicall y 

organize d categories .  Conside r  a  classica l  neste d hierarch y 

containin g on e superordinat e nod e (A) ,  an d tw o subordinat e 

node s ( B an d C ) .  Th e hierarch y shoul d exhibi t  th e propert y o f 

clas s inclusio n ( a B  i s a n A ,  an d a  C  i s a n A ) ,  a s wel l  a s mutua l 

exclusivit y a m o n g othe r  categorie s ( a B  canno t  b e a  C ,  an d a 

C canno t  b e a  B ) .  I n th e experimen t  reporte d here ,  w e examin e 

th e secon d kin d o f  relation :  categor y contrast .  T o us e Kay' s 

(1971 )  terms ,  w e investigat e categorie s tha t  shoul d demonstrat e 

eithe r  direc t  contras t  (i.e. ,  tw o categorie s tha t  shar e th e sam e 

immediat e superordinate) ,  o r  indirec t  contras t  (i.e. ,  tw o 

categorie s tha t  contras t  becaus e thei r  superordinate s ar e 

themselve s i n direc t  contrast) .  I n th e experimen t  reporte d 

here ,  w e explor e tw o possibl e mechanism s fo r  inter-categor y 

difference s i n th e degre e t o whic h suc h contras t  holds :  th e 

extrinsicit y o f  feature s i n categor y representatio n (Bar r  & 

Caplan ,  1985,1987 ;  Capla n &  Barr ,  i n press) ,  an d probabilisti c 

feature s (e.g. ,  Rosch ,  1973 ,  1975) . 

Fea tu r e extrinsicit y a n d categor y contras t 

I n previou s wor k (Bar r  &  Caplan ,  1985,1987 ;  Capla n &  Barr , 

i n press) ,  w e hav e presente d a  mode l  o f  categor y representatio n 

tha t  account s fo r  inter-categor y difference s i n gradient s o f 

membership .  Accordin g t o tha t  model ,  th e feature s tha t 

compris e a  category' s representatio n m a y b e considere d t o b e 

eithe r  intrinsi c o r  extrinsic .  Intrinsi c feature s ar e feature s tha t 

ar e tru e o f  a  potentia l  categor y m e m b e r  i n isolatio n (e.g. ,  "ha s 

leaves" ,  "ha s hair") .  Extrinsi c feature s ar e feature s tha t 

represen t  relation s betwee n potentia l  categor y m e m b e r s an d 

othe r  entitie s (e.g. ,  "i s  use d fo r  transportation" ,  "ha s a  child") . 

We hav e demonstrate d tha t  class-inclusio n relation s ar e 

stronge r  fo r  categorie s represente d b y intrinsi c feature s tha n 

fo r  thos e represente d b y extrinsi c feature s (Capla n &  Barr ,  i n 

press) . 

Our  mode l  o f  categor y representatio n als o predict s tha t 

inter-categor y contras t  wil l  b e mor e likel y t o characteriz e 

relation s a m o n g intrinsicall y represente d tha n a m o n g 

extrinsicall y represente d categories .  W h y shoul d thi s b e th e 

case ? Conside r  a  perso n respondin g t o question s o f  th e form , 

"Ca n a  B  b e a  C ? "  (e.g. ,  "Ca n a  weapo n b e a  tool?" ,  "Ca n a 

plan t  b e a n animal?") ,  a s subject s i n th e experimen t  reporte d 

belo w wer e aske d t o do .  I n orde r  fo r  a  m e m b e r  o f  Categor y B 

t o becom e a  m e m b e r  o f  Categor y C ,  i t  mus t  s o m e h o w acquir e 

th e feature s include d i n Categor y C' s representation ,  and/o r 

los e thos e o f  Categor y B' s  representation .  Suc h featur e 

chang e o r  acquisitio n shoul d b e mor e likel y t o occu r  fo r 

extrinsi c tha n fo r  intrinsi c features .  Becaus e intrinsi c feature s 

ar e represente d a s tru e o f  a n objec t  i n isolation ,  whethe r  o r  no t 

an ite m i s represente d a s possessin g a n intrinsi c featur e wil l 
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remai n constan t  acros s situations .  Althoug h i t  i s  possibl e tha t 

an entit y migh t  los e th e feature ,  tha t  possibiht y i s no t  expresse d 

i n th e feature' s representation .  Therefore ,  intrinsi c categor y 

representation s d o no t  includ e th e possibilit y  fo r  featur e 

change ,  an d stron g inter-categor y contras t  shoul d result .  O n 

th e othe r  hand ,  membershi p i n extrinsicall y represente d 

categorie s depend s no t  o n th e attribute s o f  th e possibl e categor y 

member  itself ,  bu t  o n th e relation s i t  hold s wit h othe r  entitie s 

or  objects .  Becaus e suc h relation s ma y chang e ove r  differen t 

context s (e.g. ,  a  possibl e weapo n ma y sometime s b e use d t o 

har m people ,  an d sometime s not) ,  entitie s ma y b e conceive d 

t o sli p i n an d ou t  o f  membership .  I n othe r  words ,  extrinsi c 

representation s includ e th e possibilit y  fo r  chang e i n categor y 

membership ,  sinc e whethe r  a n objec t  i s  a  categor y member 

depend s o n th e relation s i t  hold s wit h othe r  objects ,  an d thos e 

relation s ma y change .  Accordingly ,  extrinsicall y represente d 

categorie s shoul d sho w muc h weake r  contrast . 

Probabilistic features and category contrast 

Over  th e las t  2 0 years ,  "famil y resemblance "  o r  probabilisti c 

approache s t o semanti c categor y representatio n hav e 

challenge d traditiona l  approache s t o categor y representatio n 

(se e Smit h &  Medin ,  1981 ,  fo r  a  review) .  Thes e theorie s (e.g. , 

Rosch .  1973 ,  1975 )  posi t  tha t  categor y exemplar s typicall y 

exhibi t  some ,  bu t  no t  all ,  o f  th e poo l  o f  feature s associate d 

wit h a  category .  Accordin g t o mos t  version s o f  probabilisti c 

theory ,  categor y membershi p i s determine d b y th e su m o f  th e 

weighte d feature s possesse d b y th e exempla r  (se e Smit h & 

Medin ,  1981) .  On e o f  th e majo r  characteristic s o f 

probabilisticall y represente d categorie s i s th e fac t  tha t 

categorie s may ,  throug h possessin g som e subse t  o f  th e relevan t 

features ,  b e mor e o r  les s goo d member s o f  th e category . 

Accordingly ,  categorie s ma y includ e man y "borderline " 

members -  member s whic h ma y als o b e considere d member s 

of  other ,  relate d categories .  Presumably ,  borderlin e member s 

of  on e categor y ca n als o b e member s o f  anothe r  categor y fro m 

th e sam e hierarch y i f  the y posses s th e appropriat e subset s o f 

feamre s fo r  bot h categories ;  therefore ,  on e woul d no t  expec t 

t o fin d stron g evidenc e o f  inter-categor y contrast .  Fo r  example , 

a larg e serrate d knif e ma y als o b e a  saw .  I t  possesse s enoug h 

feature s t o qualif y fo r  membershi p i n bot h categorie s (knif e 

and saw) ,  withou t  bein g a  ver y goo d o r  ver y typica l  member 

of  either . 

Recently ,  Markma n (1989 )  ha s suggeste d tha t  categorie s 

diffe r  i n whethe r  the y ar e probabilisticall y o r  classicall y 

represented ,  wit h som e categorie s represente d b y set s o f 

feature s necessar y fo r  categor y membership ,  an d other s 

represente d probabilistically. '  I n fact ,  w e hav e demonstrate d 

tha t  suc h difference s exist ,  an d tha t  hierarchie s o f  categorie s 

represente d b y feature s whic h man y subject s believ e t o b e 

necessar y ar e characterize d b y stronge r  clas s inclusio n tha n 

ar e thos e represente d b y feature s tha t  fe w subject s believ e 

t o b e necessar y fo r  categor y membershi p (Capla n &  Barr , 

i n press) .  Similarly ,  whethe r  a  categor y i s represente d 

"classically "  o r  probabilisticall y shoul d determin e whethe r  o r 

not  stron g inter-categor y contras t  obtain s amon g member s o f 

a hierarchy .  Probabilisticall y represente d categorie s shoul d 

revea l  wea k contrast ,  an d categorie s represente d b y set s o f 

necessar y feature s shoul d b e characterize d b y stron g contrast . 

Method 

Subject s 

Subject s wer e 9 6 undergraduate s fro m a  midweste m stat e 

university . 

Stimuli 

Twenty-eigh t  categories ,  representin g fou r  hierarchies ,  eac h 

of  whic h consiste d o f  thre e level s o f  abstractness ,  wer e used . 

The fou r  hierarchie s were :  (a )  Man-mad e Object s (Artifacts) , 

whic h include d Tool s (Hammers ,  Saws )  an d Weapon s (Guns , 

Bombs) ,  (b )  Livin g Things ,  whic h include d Animal s (Cats , 

Dogs)  an d Plant s (Trees ,  Cacti) ,  (c )  Occupations ,  whic h 

include d Lawyer s (Real-estat e Lawyers ,  Corporat e Lawyers ) 

and Physician s (Dermatologists ,  Surgeons) ,  an d (d )  Relatives , 

whic h include d Parent s (Mothers ,  Fathers )  an d Grandparent s 

(Grandmothers ,  Grandfathers) .  Withi n eac h hierarchy ,  ever y 

subordinat e (i.e. ,  ever y ter m wit h th e exceptio n o f  Man-mad e 

Objects ,  Livin g Things ,  Occupations ,  an d Relatives )  wa s 

paire d wit h ever y othe r  subordinat e i n a  questio n o f  th e for m 

"Ca n a n X  b e a  y?" .  Becaus e thi s metho d o f  questio n 

constructio n yielde d thre e pair s i n th e Relative s hierarch y tha t 

wer e actuall y question s o f  clas s inclusio n (mother -

grandmother ,  father-grandfather ,  an d parent-grandparent) , 

thes e pair s wer e exclude d fro m analysis .  I n orde r  t o kee p th e 

lengt h o f  th e tas k manageable ,  reversal s (i.e ,  "Ca n a  y  b e a n 

X?" )  wer e no t  include d amon g th e stimulu s item s fo r  an y 

hierarchy . 

For  eac h o f  thes e categories ,  w e ha d collecte d necessit y an d 

extrinsicit y informatio n fro m previou s group s o f  subjects . 

The extrinsicit y rating s wer e provide d b y on e grou p o f  subject s 

( N =  15 )  wh o rate d eac h categor y i n term s o f  ho w muc h th e 

category' s rule s fo r  membershi p relie d o n informatio n abou t 

th e relationship s tha t  categor y member s hol d wit h othe r 

things ,  o n a  nine-poin t  scale .  Eac h category' s extrinsicit y 

valu e wa s th e mea n ratin g (acros s subjects )  fo r  tha t  category . 

To collec t  necessit y information ,  w e firs t  ha d a  secon d grou p 

of  subject s ( N =  48 )  lis t  th e feature s the y believe d define d th e 

category .  Th e categorie s wer e divide d int o thre e sets ;  eac h 

set  wa s "defined "  b y a  subgrou p o f  1 6 subjects .  W e the n 

' An extrinsic feature may be necessary for category mem-
bership ,  bu t  becaus e th e possessio n o f  th e featur e i s situation -
dependent ,  ma y no t  characteriz e eve n ver y goo d categor y 
members unde r  al l  circumstance s (se e Capla n &  Barr ,  i n 
press ,  fo r  mor e detail) .  Fo r  example ,  mos t  o f  th e subject s i n 
tha t  stud y asserte d tha t  "cover s th e body "  i s a  necessar y 
characteristi c o f  Clothing .  However ,  a  give n shir t  ma y hav e 
othe r  uses ,  dependin g o n th e situatio n (e.g. ,  on e ma y us e i t  a s 
a dustcloth) .  Thus ,  a  featur e ma y b e necessar y fo r  categor y 
membershi p (e.g. ,  i n orde r  fo r  somethin g t o b e clothing ,  i t 
must  cove r  th e body) ,  bu t  no t  necessaril y tru e o f  a  particula r 
exempla r  i n a  give n situatio n (e.g. ,  a  give n shir t  nee d no t 
alway s cove r  th e body) . 
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combine d th e feature s liste d b y a t  leas t  fiv e o f  th e 1 6 subject s 

i n eac h subgrou p wit h feature s collecte d fro m definition s i n 

tw o dictionarie s (Webster' s N e w Worl d Dictionar y o f  th e 

America n Language ,  1980 ;  Thorndike-Barnhar t  Des k 

Dictionary ,  \952) .  Thes e featur e list s wer e ou r  featur e sets .  A 

thir d grou p o f  subject s (N=19 )  the n judge d eac h featur e fro m 

th e featur e set s a s necessary ,  typical ,  o r  neithe r  fo r  categor y 

membership .  Eac h category' s "necessity "  measur e wa s th e 

mean (acros s al l  feature s fro m th e category' s featur e se t  whic h 

receive d a t  leas t  on e "necessary "  judgment )  proportio n o f 

subject s w h o gav e "necessary "  judgments. ^ 

Procedure 

The stimul i  wer e presente d i n rando m orde r  i n a  stimulu s 

booklet .  Subject s answere d "yes "  o r  "no "  t o eac h questio n b y 

fillin g i n a  circl e o n a  compute r  scorabl e answe r  sheet .  Ever y 

subjec t  receive d ever y question .  Th e subject s wer e teste d i n 

group s o f  abou t  20 . 

Results 

Tabl e 1  show s th e numbe r  o f  subject s w h o assente d t o eac h 

question .  Th e mor e subject s w h o assented ,  the n th e les s th e 

members o f  th e tw o categorie s contrast .  Fo r  example ,  8 9 ou t 

of  th e 9 6 subject s agree d tha t  a  weapo n coul d b e a  tool . 

Therefore ,  th e member s o f  thes e tw o categorie s d o no t  contras t 

well .  O n th e othe r  hand ,  jus t  thre e ou t  o f  9 6 subject s agree d 

tha t  a  do g coul d b e a  cat .  Th e member s o f  thes e tw o 

categories ,  then ,  d o contras t  well . 

We ha d predicte d tha t  th e mor e extrinsi c th e representation s 

of  th e tw o categories ,  o r  th e mor e probabilistic ,  the n th e mor e 

subject s woul d agre e t o question s o f  th e for m "Ca n a n x  b e a 

y? "  However ,  th e numbe r  o f  feature s b y whic h th e tw o 

categorie s diffe r  mus t  als o b e take n int o account ,  becaus e onl y 

distinctiv e feature s ca n contribut e t o contrast .  I n orde r  t o 

make thi s estimate ,  w e counte d th e tota l  numbe r  o f  feature s 

tha t  ha d receive d a t  leas t  on e "necessary "  judgmen t  fro m th e 

featur e set s fo r  th e tw o categories ,  an d subtracte d al l  feature s 

tha t  th e tw o categorie s shared .  W e the n conducte d a  multipl e 

regressio n analysi s i n whic h th e numbe r  o f  subject s assentin g 

t o eac h questio n wa s th e criterio n variable ,  an d th e predicto r 

variable s were :  (1 )  th e numbe r  o f  feature s b y whic h th e tw o 

categorie s differed ,  (2 )  th e degre e t o whic h th e representation s 

of  th e tw o categorie s wer e extrinsi c (expresse d a s th e mea n o f 

th e tw o categories '  mea n extrinsicit y  ratings) ,  an d (3 )  th e 

mean o f  th e tw o categories '  necessit y values .  Th e multipl e R 

resultin g fro m thi s analysi s wa s .70 ,  F  (3,33 )  =  10.74 ,  p  < 

.0(X)1 .  O f  th e thre e predicto r  variables ,  onl y extrinsicit y 

accounte d fo r  a  significan t  portio n o f  th e variance ,  6  =  .78 , 

t  (33 )  =  3.48 ,  p  <  .0 1 i n th e final  regressio n equation ;  th e 

correlatio n betwee n extrinsicit y an d numbe r  o f  subject s 

assentin g wa s .70 . 

Discussion 

Al l  pair s o f  categorie s use d i n thi s experimen t  d o contrast ,  i n 

th e sens e tha t  the y ar e draw n fro m differen t  branche s o f  th e 

same hierarchy .  Nevertheless ,  a s th e result s o f  th e analysi s 

showed ,  th e exten t  t o whic h th e member s o f  th e twacategorie s 

contras t  i s  determine d b y th e degre e t o wh ic h th e 

representationsofthetwocategoriesareextrinsic .  Extrinsicall y 

represente d categorie s showe d m u c h weake r  contras t  tha n di d 

intrinsicall y represente d categories . 

We wer e somewha t  surprise d t o fin d tha t  people'sjudgment s 

of  featur e necessit y di d no t  predic t  categor y contrast , 

particularl y i n ligh t  o f  ou r  earlie r  finding s tha t  categorie s 

represente d b y feature s judge d b y m a n y peopl e t o b e necessar y 

showe d stronge r  clas s inclusio n tha n categorie s represente d 

by feature s judge d t o b e necessar y b y fewe r  subject s (Capla n 

& Barr ,  i n press) .  I f  anything ,  ou r  presen t  findings  regardin g 

th e necessit y measur e wer e th e revers e o f  predictions :  categor y 

pair s wit h highe r  necessit y value s tende d t o hav e hig h number s 

of  subject s assentin g t o th e question s (i.e. ,  les s inter-categor y 

contrast) ,  r  =  .35 .  I n combinatio n wit h ou r  earlie r  findings , 

thes e result s sugges t  tha t  featur e necessit y i s  mor e critica l  fo r 

clas s inclusio n tha n fo r  direc t  an d indirec t  contras t  relation s 

among categorie s o f  a  hierarchy . 

I n addition ,  thes e finding s sugges t  tha t  th e inter-categor y 

relation s implie d b y traditiona l  hierarchie s m a y no t  alway s 

describ e psychologica l  inter-categor y relations .  I n fact ,  i t 

m ay b e inappropriat e t o assum e thatrelation s amon g categorie s 

ar e characterize d b y unqualifie d "i s a "  links ,  o r  b y unqualifie d 

contras t  relations .  Instead ,  thes e relation s depen d a t  leas t  o n 

th e degre e t o whic h th e categories '  representation s rel y o n 

intrinsi c o r  extrinsi c information . 

M a ny author s hav e identifie d difficultie s i n th e assumptio n 

tha t  trul y necessar y feature s exis t  a s criteri a fo r  categor y 

membershi p (e.g. ,  Medin ,  1989 ;  Murph y &  Medin ,  1985) . 

We d o no t  mea n t o sugges t  tha t  suc h feature s hav e bee n 

identified ,  o r  tha t  the y ar e th e onl y sourc e o f  informatio n 

include d i n people' s representation s o f  natura l  languag e 

categorie s (se e Capla n &  Barr ,  i n press ,  fo r  furthe r  detail) . 

Nevertheless ,  th e finding s reporte d her e sugges t  tha t  feature -

leve l  mechanisms ,  suc h a s extrinsicity ,  m a y pla y a  usefu l  rol e 

i n explainin g psychologica l  aspect s o f  categorizatio n 

phenomena . 

^  I n previou s researc h (se e Capla n &  Barr ,  i n press ,  fo r  mor e 
detail) ,  w e collecte d judgment s o f  bot h featur e extrinsicit y 
and o f  featur e necessity .  S o m e example s follow .  Fo r  th e 
categor y Clothing ,  th e feature s "cover s th e body "  an d "keep s 
th e bod y w a r m "  wer e bot h judge d t o b e extrinsi c b y mor e tha n 
hal f  th e subjects ;  however ,  th e forme r  wa s judge d t o b e a 
necessar y featur e b y mor e tha n hal f  th e subjects ,  an d th e 
latte r  wa s judge d necessar y b y fewe r  tha n hal f  o f  th e subjects . 
For  th e categor y Birds ,  th e feature s "ha s wings "  an d "sing s 
or  chirps "  wer e bot h judge d t o b e extrinsi c b y les s tha n hal f 
th e subjects ;  however ,  th e forme r  wa s judge d necessar y b y 
mor e tha n hal f  o f  th e subject s an d th e latte r  wa s judge d 
necessar y b y les s tha n hal f  th e subjects . 
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Categor y Term s 

X 

Weapon 

Weapon 

Weapon 

Tool 

Tool 

Bomb 

Bomb 

Bomb 

Gun 

Gun 

Hammer 

Mothe r 

Mothe r 

Fathe r 

Grandfathe r 

Plan t 

Plan t 

Plan t 

Anima l 

Anima l 

Tre e 

Tre e 

Tre e 

Dog 

Dog 

Cat 

Physicia n 

Physicia n 

Physicia n 

Lawyer 

Lawyer 

Dermatologis t 

Dermatologis t 

Dermatologis t 

Surgeo n 

Surgeo n 

Corporat e lawye r 

i n Questio n 

Y 

Tool 

Hammer 

Saw 

Bomb 

Gun 

Gun 

Hammer 

Saw 

Hammer 

Saw 

Saw 

Fathe r 

Grandfathe r 

Grandmothe r 

Grandmothe r 

Anima l 

Dog 

Cat 

Cactu s 

Tre e 

Cactu s 

Cat 

Dog 

Cactu s 

Cat 

Cactu s 

Lawyer 

Real-estat e lawye r 

Corporat e lawye r 

Surgeo n 

Dermatologis t 

Corporat e lawye r 

Real-estat e lawye r 

Surgeo n 

Real-estat e lawye r 

Corporat e lawye r 

Real-estat e lawye r 

Necessit y 

.48 

.4 0 

.4 4 

.5 6 

.5 6 

.5 6 

.4 9 

.5 3 

.4 9 

.5 3 

.4 6 

.6 0 

.8 2 

.6 2 

.8 4 

.5 2 

.5 6 

.5 4 

.4 8 

.5 6 

.5 0 

.5 7 

.6 0 

.5 1 

.5 8 

.4 8 

.7 2 

.7 2 

.6 7 

.7 6 

.7 8 

.7 2 

.7 8 

.8 4 

.7 4 

.6 9 

.6 4 

Extrinsicit y 

7.0 0 

6.2 3 

5.8 6 

6.1 4 

5.9 4 

5.0 0 

5.3 6 

5.0 0 

5.1 6 

4.8 0 

5.1 6 

6.2 0 

6.3 0 

6.3 6 

6.4 6 

3.1 4 

3.0 7 

3.1 4 

2.8 0 

2.9 4 

3.1 4 

2.9 4 

2.8 7 

2.7 4 

2.5 4 

2.8 0 

6.0 7 

6.0 0 

5.9 7 

6.3 8 

6.0 7 

5.9 7 

6.1 8 

6.1 8 

6.3 2 

6.2 8 

6.1 0 

Number  o f  Subject s 

Assentin g 

89 

n 

94 

58 

62 

31 

21 

15 

15 

14 

13 

15 

15 

14 

14 

14 

5 

9 

10 

9 

43 

10 

3 

5 

3 

7 

80 

86 

83 

80 

80 

82 

80 

87 

80 

74 

85 

Tabl e 1 .  Numbe r  o f  Subject s ( N =  96 )  Assentin g t o Eac h o f  th e 3 7 Question s o f  th e For m "Ca n a n X  b e a  Y?" ,  A s a  Functio n 

of  Mea n Necessit y Valu e an d Mea n Extrinsicit y Ratin g Acros s th e Tw o Categorie s 
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