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Abstrac t 

This work examines the contribution of shape features to 
subjecu '  judgment s o f  typicalit y fo r  visua l  categories . 
Shape wa s foun d t o mak e a  stron g contributio n t o 
typicality ,  a s evidence d b y th e stron g correlatio n betwee n 
result s o n picture s an d thos e o n silhouette s o f  th e sam e 
pictures .  Also ,  dî eren t  measure s o f  th e contributio n o f 
shap e templat e overlap ,  compactness ,  an d numbe r  o f 
part s -  wer e show n t o captur e differen t  aspect s o f  tha t 
contribution .  A s on e o f  th e fundamenta l  problem s i n 
categor y researc h i s t o determin e th e feature s use d i n 
categorizatio n (e.g. ,  Medin ,  1989) ,  th e curren t  wor k i s 
importan t  becaus e i t  make s progres s o n thi s problem . 

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

The perceived world includes an indefinite number of 
discriminabl e objects .  Whil e w e coul d trea t  eac h objec t  a s 
unique ,  ofte n w e d o no t  -  w e categorize .  Codin g b y categor y 
i s fundamenta l  t o menta l  lif e becaus e i t  greatl y reduce s 
demands o n perception ,  reasoning ,  an d m e m o r y (e.g. , 
Medin ,  1989 ;  Smith ,  1990) . 

O ne well-documente d finding  i n categwizatio n researc h 
i s tha t  no t  al l  member s o f  categorie s ar e create d equal : 
peopl e perceiv e s o m e m e m b e r s t o b e bette r  o r  wors e 
example s o f  a  categor y tha n other s (e.g. ,  Mervi s an d Rosch , 
1981 ;  Smit h an d Medin ,  1981) .  Fo r  example ,  peopl e ten d 
t o thin k tha t  a  robi n i s a  mor e typica l  bir d tha n a  chicken . 
Typicalit y appear s t o b e a  majo r  determinan t  o f  th e 
organizatio n o f  m e m o r y ,  a s evidence d b y it s  abilit y t o 
predic t  result s i n a  variet y o f  task s usin g semanti c an d visua l 
categorie s suc h a s spee d an d orde r  o f  learnin g categor y 
members ,  an d spee d o f  verifyin g the m a s instance s o f  a 
categor y (e.g. .  Smit h an d Medin ,  1981) .  Furthermore , 
variation s i n typicalit y canno t  b e explaine d solel y (o r 
largely )  b y familiarit y (e.g. .  Mal t  an d Smith ,  1982) . 

A genera l  interpretatio n o f  thes e findings  i s  tha t  th e 
typicalit y o f  a n instanc e i s a  measur e o f  it s similarit y t o it s 
category ,  an d categorizatio n amount s t o determinin g tha t  a n 
ite m i s sufficientl y simila r  t o th e targe t  categor y (Rosc h an d 
Mervis ,  1975 ;  Smith ,  1990) .  I f  typicalit y i s reall y base d o n 
similarity ,  the n w e ough t  t o b e abl e t o predic t  typicalit y a s 
follow s (Smith ,  1990) :  (1 )  selec t  a  domai n o f  instances ;  (2 ) 
estimat e feature s o f  th e instance s b y subjects '  listings ;  (3 ) 

comput e similarit y o f  eac h exempla r  t o it s categor y b y 
usin g som e explici t  rul e (suc h a s Tversky' s (1977 )  contras t 
model) ;  (4 )  se e i f  thi s similarit y estimat e predict s typicality . 

Whi l e thi s metho d i s  clearl y usefu l  fo r  semanti c 
categories ,  it s  relevanc e t o visua l  categorie s i s les s clear . 
Featur e listing s includ e fe w (i f  any )  shap e features ;  ye t 
object s ar e ofte n visuall y categorizabi c fro m thei r  shap e 
alon e (Biederman ,  1987 ;  Rosch ,  Mervis ,  Gray ,  Johnson ,  an d 
Boyes-Braem ,  1976) ,  o r  eve n fro m silhouette s alon e (e.g. , 
Rosc h e t  al. ,  1976) .  So ,  whil e shap e feature s ar e clearl y 
importan t  t o visua l  categorization ,  categorizatio n model s 
base d o n liste d feature s d o no t  explai n why .  Thu s i t  woul d 
be interestin g t o devis e a  mode l  tha t  account s fo r  th e 
contribution s o f  shap e feature s t o perceive d similarity , 
typicality ,  an d visua l  categwization . 

I t  i s  no t  trivia l  t o devis e suc h a  model ,  bu t  on e are a o f 
researc h tha t  i s usefu l  fo r  thi s purpos e i s objec t  recognition . 
Researcher s i n obj6c t  recognitio n hav e develope d severa l 
classe s o f  models ,  th e mos t  popula r  being  template ,  feature , 
and structura l  descriptio n model s (e.g. .  Pinker ,  1984) . 
Structura l  descriptio n model s represen t  object s b y thei r  part s 
an d relation s betwee n parts .  Whi l e suc h structura l 
description s ar e though t  t o b e mor e psychologicall y veridica l 
tha n featur e o r  templat e representation s (e.g. .  Pinker ,  1984) , 
i t  i s  als o mor e difficul t  t o devis e a  structural-descriptio n 
theor y tha t  i s  bot h broa d i n th e scop e o f  object s i t  ca n 
recognize ,  an d specifi c  abou t  th e mean s b y whic h object s ar e 
represent ^  an d recognize d (e.g. ,  h o w object s ar e divide d int o 
parts ,  h o w part s ar e represented) .  Th e R B C / J I M mode l 
(Biederman ,  1987 ;  H u m m el  an d Biederman ,  1992 )  i s 
probabl y th e bes t  strucmra l  descriptio n approac h t o date ,  bu t 
eve n i t  ha s sever e limit s o n th e generalit y o f  mechanism s 
fo r  dividin g object s int o part s an d representin g parts .  Fo r 
parsing ,  R B C / J I M i s limite d fo r  a  numbe r  o f  reasons :  it s 
parsin g rul e i s base d o n a  misinterpretatio n o f  Hoffma n an d 
Richard s (1984) ,  i t  underdetermine s parsing ,  i t  i s  overi y 
sensitiv e t o noise ,  i t  parse s hierarchica l  object s incorrectly , 
etc. ;  fo r  representin g parts ,  R B C / J I M i s  als o limite d fo r 
numerou s reasons :  som e geo n feature s ar e absen t  fro m 
smoot h object s o r  silhouettes ,  empirica l  evidenc e fo r  som e 
geo n feature s migh t  actuall y b e evidenc e fo r  lowe r  leve l 
contou r  groupin g mechanisms ,  algorithm s fo r  generatin g 
axe s o f  symmetr y ar e incompatibl e wit h RBC/JIM' s 
representation s o f  axes ,  etc .  (Kurbat ,  1994 ,  discusse s thes e 
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and relate d points) .  Therefor e w e focu s o n templat e an d 
featur e model s below . 

Whil e template s m a y b e les s psychologicall y veridica l 
tha n structura l  descriptions ,  thei r  recen t  resuscitatio n (e.g. . 
Ullman ,  1989 )  i s likel y du e i n pa n t o thei r  bein g simple r 
and easie r  t o implemen t  Templat e model s determin e th e 
similarit y betwee n tw o shape s i n tw o step s (e.g. ,  Ullman , 
1989) .  Th e first  ste p i s a n alignmen t  step :  sh j ^ s m a y 
dil̂ e r  i n orientation ,  size ,  an d location ,  s o reorientation , 
resizing ,  an d translatio n o f  th e shape s ma y b e necessar y t o 
alig n them .  Ther e ar e variou s method s fo r  paformin g thes e 
transformations .  Fo r  example ,  fo r  reorientatio n (i n th e 
pictur e plane),  on e m a y first  fit  a  lin e t o th e boundar y o f 
eac h objec t  minimizin g th e su m o f  square d distance s from 
th e boundary ,  an d the n reorien t  al l  object s s o eac h lin e ha s 
th e sam e orientatio n (e.g. ,  horizontal) ;  fo r  size ,  object s m a y 
be scale d t o hav e th e sam e area ;  fo r  location ,  object s m a y b e 
translate d t o hav e th e sam e cente r  o f  are a (fo r  furthe r 
discussion ,  se e Ullman ,  1989) .  I t  i s  generall y als o 
necessar y t o compensat e f w change s i n dept h oientatio n o f 
object s (e.g. ,  a  sid e vie w o f  a  do g vs .  a  front  view) ,  bu t  i n 
th e wor k discusse d belo w w e ar e onl y concerne d wit h on e 
possibl e dept h orientatio n (i.e. ,  sid e view s o f  objects) .  Th e 
secon d ste p i n templat e matchin g i s th e matchin g step .  O n e 
simpl e metho d fo r  thi s ste p i s t o coun t  th e numbe r  o f  pixel s 
common t o bot h superimpose d object s ("intersection") ,  the n 
coun t  th e numbe r  foun d i n on e o r  th e othe r  o r  bot h 
("union") .  Dividin g intersectio n b y unio n yield s a  shap e 
similarit y scor e from 0  t o 10 0 -  th e highe r  th e score ,  th e 
greate r  th e similarit y i n shap e betwee n th e tw o shape s 
matches . 

Featur e model s o f  objec t  recognitio n ar e m u c h lik e 
thos e i n categorization ,  becaus e the y represen t  object s i n 
term s o f  feature s an d recogniz e the m vi a featura l  similarity . 
Designer s o f  suc h model s mus t  als o confron t  th e 
categorizatio n issu e o f  "wha t  ar e th e features? "  (e.g. . 
Murph y an d Medin ,  1985) .  Numerou s candidat e shap e 
feature s exis t  (e.g. ,  Ballar d an d Brown ,  1982) ,  bu t  fo r 
presen t  purpose s w e wil l  concentrat e o n tw o tha t  captur e 
complementar y aspect s o f  th e variabilit y  betwee n shapes . 
The first  i s  th e notio n o f  compactnes s (e.g. ,  Zusne ,  1970) : 
th e rati o o f  th e squar e o f  th e perimete r  o f  a n objec t  t o it s 
area .  Shape s wit h lo w compactnes s score s ar e compac t 
(e.g. ,  a  circle) ,  an d thos e wit h hig h score s ar e no t  compac t 
(e.g. ,  a  pencil) .  A  secon d shap e featur e i s th e numbe r  o f 
concavitie s i n a n exemplar' s silhouette .  Sh^) e recognitio n 
research  suggest s w e divid e shape s int o part s a t  concavitie s 
(Hoffma n an d Richards ,  1984) ,  s o a  coun t  o f  th e numbe r  o f 
concavitie s i s on e measur e o f  th e numbe r  o f  part s produce d 
by dividin g a t  concavities .  Thi s measur e m a y b e 
implemente d o n compute r  b y fitting  th e boundar y o f  a  shap e 
wit h cubi c splin e curves ,  an d the n countin g th e numbe r  o f 
place s wher e th e spline s becom e concav e (i.e. ,  curvatur e o f 
th e splin e become s negative) .  W e d o no t  clai m tha t  thes e 
tw o feature s sufficientl y characteriz e shapes ;  w e d o sugges t 
tha t  thes e feature s m a y captur e som e psychologicall y 
importan t  difference s betwee n shapes . 

As basi c leve l  categorie s ar e thou^ t  t o b e distinguishe d 

primaril y vi a difference s i n shape ^  (e.g. ,  Rosc h e t  al ,  1976 ; 
Biederman .  1987) ,  suc h categorie s ough t  t o b e a  goo d 
domai n fo r  testin g shape-base d model s o f  similarit y an d 
categorization ,  henc e th e templat e an d featura l  measure s jus t 
discusse d (whil e ther e i s som e questio n a s t o wha t  i s t o 
"count "  a s a  basi c leve l  categor y (e.g. ,  Mandler ,  Bauer ,  an d 
McDonough ,  1991) ,  w e avoi d thi s questio n her e fo r  sak e o f 
simplicit y an d us e categorie s terme d basi c leve l  b y Rosc h e t 
al .  1976) .  Fo r  thi s test ,  2 5 basi c leve l  categorie s wer e use d 
(fro m Estin ,  Smith ,  an d Medin ,  1994) ,  an d tw o o r  mor e 
instance s w o e selecte d frx}m  eac h categor y fo r  a  tota l  o f  6 6 
exemplar s (tw o instance s wer e selecte d fro m 1 8 o f  2 5 
categories ,  an d mor e tha n tw o wer e selecte d fro m th e 
remaining  seven) .  Eac h o f  th e 6 6 exemplar s wa s compare d 
vi a templat e match .  T h e templat e matchin g metho d use d 
was simila r  t o th e on e describe d i n th e introductio n -  t o 
correc t  f w difference s i n size ,  object s wer e scale d b y 
compute r  t o hav e th e sam e area ;  t o correc t  fo r  difference s i n 
plana r  location ,  object s wer e translate d b y compute r  t o hav e 
th e sam e cente r  o f  are a (i.e. ,  sam e averag e x  an d y 
coordinate s fo r  blac k pixel s comprisin g eac h digitize d 
silhouette) .  Th e onl y differenc e betwee n th e metho d use d 
her e an d th e on e describe d i n th e introductio n wa s tha t 
correctio n fo r  plana r  orientatio n wa s no t  use d becaus e al l 
object s wer e rotate d i n advanc e t o hav e a  horizonta l 
orientatio n i n th e pictur e plane .  Thi s metho d wa s use d t o 
matc h eac h exempla r  t o ever y othe r  exempla r  t o find  th e 
singl e bes t  matchin g exemplar ,  eac h exempla f  wa s classifie d 
as belongin g t o th e categor y o f  thi s bes t  matchin g example . 
For  example ,  i f  ca r  exempla r  1  matche d anothe r  ca r  exempla r 
bette r  tlu m i t  matche d al l  non-ca r  exemplars ,  the n i t  woul d 
be classifie d (correctly )  a s a  ca r  -  otherwise ,  i t  woul d b e 
classifie d incorrectly .  O f  th e 6 6 tota l  exemplars ,  6 0 wer e 
classifie d correctly ,  fo r  a n accurac y rat e o f  ovc t  9 0 % ;  o f  th e 
25 categories ,  e v o y exempla r  i n 2 0 o f  the m wa s classifie d 
correctly .  ( W e ar e als o workin g o n a  feature-base d mode l  -
usin g th e featur e type s discusse d above ,  an d other s -  t o 
perfor m dii s sam e task) . 

Give n tha t  thes e shap e measure s m a k e fairl y accurat e 
prediction s abou t  basi c leve l  categorization ,  i t  i s interestin g 
t o examin e h o w wel l  the y predic t  typicalit y -  th e issu e wit h 
whic h w e began .  I t  seem s unlikel y tha t  shap e woul d predic t 
typicalit y a t  al l  level s o f  abstractio n -  fo r  example ,  relatively 
superordinat e categorie s lik e 'mammal '  an d 'beverage '  ar e 

'  Ther e ha s bee n a  controvers y ove r  whethe r  shap e i s a 
necessar y requiremen t  fo r  basi c leve l  categories .  Fo r  example . 
Murph y (1991 )  presente d result s tha t  h e use d t o argu e agains t 
th e necessit y o f  shape .  However ,  th e interpretatio n o f  th e 
result s presente d b y Murph y i s les s tha n clea r  -  on e proble m i s 
tha t  categorie s use d i n Murphy' s experiment s ha d deflnin g (non -
shape )  feature s a t  th e basi c level .  Thi s practice ,  whic h i s 
common i n researc h usin g artificia l  categories ,  undermine s th e 
ide a tha t  relevait t  structura l  propertie s o f  nauira l  categorie s hav e 
bee n incorporate d int o Murphy' s artificia l  material s (e.g. , 
Lassaline ,  Wisniewski ,  an d Medin ,  1992) .  A  mor e expande d 
versio n o f  th e cunen t  pape r  wil l  includ e furthe r  discussio n o f 
thi s issu e (including ,  e.g. ,  th e c o m m e n U o f  Tversk y an d 
Hemenway.  1991) . 
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distinguishe d primaril y b y non-perceptua l  propertie s (Rosc h 
et  al. ,  1976) .  O n e interestin g leve l  a t  whic h t o tr y thes e 
measure s i s agai n th e basi c level .  Thi s leve l  i s  interestin g 
becaus e subordinat e categorie s tha t  ar e atypica l  withi n thei r 
basi c leve l  categorie s ar e mor e distinctiv e i n thei r  physica l 
appearanc e tha n typica l  subordinate s (Murph y an d Brownell , 
198S) .  I n othe r  words ,  th e mor e distinctiv e somethin g i s i n 
physica l  appearance ,  relativ e t o othe r  member s o f  th e 
category ,  th e les s typica l  i t  is .  Whil e Murph y an d 
Brownell' s  result s ar e limite d b y th e fac t  tha t  'distinctivenes s 
of  appearance '  i s  ambiguous ,  on e obviou s componen t  o f 
appearanc e i s shape .  S o i t  seem s natura l  t o sugges t  tha t 
distinctivenes s o f  appearanc e m a y b e i n par t  du e t o 
distinctivenes s i n shape ,  an d tha t  atypica l  exemplar s m a y 
hav e mor e distinctiv e sh^je s tha n typica l  exemplars . 

E x p e r i m e n t 

This experiment had two purposes. The first was to 
compar e subjects '  typicalit y rating s o f  picture s wit h thei r 
typicalit y rating s o f  silhouette s o f  th e sam e pictures .  A 
hig h correlatio n betwee n result s wit h picture s an d 
silhouette s woul d indicat e a  stron g contributio n o f  shap e t o 
judgment s o f  typicality ,  becaus e silhouette s includ e onl y 
shap e information .  Th e secon d purpos e wa s t o tes t  differen t 
measure s o f  shap e similarit y a s predictor s o f  typicality .  A s 
th e shape s o f  member s o f  differen t  basi c leve l  categorie s 
m ay var y i n differen t  ways ,  attempt s t o captur e thes e 
differen t  sort s o f  variatio n m a y requir e differen t  measure s o f 
shape . 

Method 

Subjects. The subjects were 138 undergraduates at the 
Universit y o f  Michiga n w h o participate d a s par t  o f  a  cours e 
requiremen L 

Materials. The stimuli were black and white digitized 
picture s o f  exemplar s o f  thre e basi c leve l  (accordin g t o 
Rosc h e t  al ,  1976 )  categorie s -  birds ,  dogs ,  an d fish. 
Picture s wer e sid e view s o f  thes e animal s chose n fro m 
wildlif e an d pe t  sho p books .  Withi n eac h o f  thes e thre e 
categories ,  subordinat e categorie s wer e chose n t o spa n th e 
typicalit y rang e an d t o b e relativel y well-know n t o colleg e 
students .  Fo r  birds ,  5 6 exemplar s fro m 1 4 subordinat e 
categorie s wer e used ;  fo r  dogs ,  5 2 exemplar s fro m 1 7 
subordinat e categorie s wer e used ;  an d fo r  fish,  8 3 exemplar s 
fro m 2 0 subordinat e categorie s wer e used .  Picture s wer e 
chose n t o b e fro m comparabl e viewpoint s -  al l  wer e sid e 
views .  Th e picture s wer e digitize d usin g a n H P Scanje t  I I  a s 
blac k an d whit e binar y image s (7 5 pixel s pe r  inc h -  eac h 
pixe l  eithe r  blac k o r  white) .  Picture s wer e normalize d b y 
compute r  t o a  constan t  size .  Silhouette s wer e generate d b y 
compute r  f w eac h picture .  Silhouette s wer e create d usin g a n 
algorith m tha t  first  trace d th e boundar y o f  eac h depicte d 
object ,  an d the n m a d e al l  pixel s insid e th e boundar y black . 

Procedure and Design. Each subject generated data for 
eithe r  (1 )  bird s an d dogs ,  o r  (2 )  dog s an d fish,  o r  (3 )  fish  an d 

birds ,  wit h hal f  th e subject s i n eac h o f  thes e thre e group s 
viewin g picture s an d hal f  viewin g silhouettes .  A n equa l 
number  o f  subject s wa s assigne d t o eac h o f  thes e si x group s 
(fo r  example ,  2 3 subject s sa w bir d an d do g pictures ,  2 3 
subject s sa w do g an d fish  silhouettes ,  etc.) .  Eac h subjec t 
first  gav e typicalit y rating s fo r  al l  instance s o f  th e first  typ e 
of  anima l  (presente d i n a  rando m order) ,  the n fo r  th e secon d 
typ e o f  animal .  Subject s wer e aske d t o rat e h o w typica l  th e 
picture d anima l  i s o f  it s  basi c leve l  categor y (bird ,  dog ,  o r 
fish)  o n a  1- 7 scale ,  wit h 1  bein g ver y atypica l  an d 7  bein g 
ver y typical . 

R e s u l t s a n d D i s c u s s i o n 

Pictures versus silhouettes. Correlations between 
typicalit y rating s fo r  picture s an d silhouette s wer e .93 ,  .89 , 
a n d . % fo r  fish,  dogs ,  an d bird s respectivel y (p<.000 1 i n al l 
cases) .  So ,  shap e informatio n playe d a  majo r  rol e i n rating s 
of  typicality .  Thi s resul t  i s  interestin g i n par t  becaus e pas t 
wor k b y Rosc h e t  a l  (1976 )  showe d tha t  th e diffwence s i n 
basi c (no t  subordinate )  leve l  categor y wer e mos t  correlate d 
wit h difference s i n shaf)e .  Th e resul t  i s  consisten t  wit h th e 
suggestio n o f  Murph y an d Brownel l  (1985) ,  tha t  atypica l 
subordinat e categorie s ar e mor e distinctiv e i n thei r  physica l 
appearanc e tha n typica l  subordinates ,  an d ou r  conjectur e tha t 
distinctivenes s o f  appearanc e m a y b e i n par t  du e t o 
distinctivenes s i n shape . 

Severa l  comment s ar e i n orde r  o n th e generalit y o f  thes e 
results .  O n th e on e hand ,  th e result s shoul d b e qualifie d b y 
th e fac t  tha t  th e digitize d image s use d i n thi s experimen t 
wer e blac k an d whit e binar y image s (7 5 pixel s pe r  inc h -
eac h pixe l  eithe r  blac k o r  white) ,  an d s o Uie y lacke d colo r 
and fin e detail .  Also ,  scalin g th e stimul i  t o a  constan t  siz e 
le d t o a  sligh t  degradatio n o f  som e pictures .  Thu s th e 
presenc e o f  color ,  greate r  detail ,  an d eliminatio n o f 
degradatio n du e t o scalin g migh t  hav e reduce d th e 
correlations .  O n th e othe r  hand ,  o f  th e thre e basi c leve l 
categorie s onl y bird s hav e a  grea t  dea l  o f  colo r  variation . 
Also ,  silhouette s exclud e som e shap e informatio n include d 
i n pictures ,  s o silhouette s an d picture s d o no t  diffe r  onl y i n 
term s o f  non-shap e information .  Thu s som e o f  th e picture -
silhouett e differenc e ma y b e du e t o shap e differences ,  an d th e 
contribution s o f  shap e t o typicalit y m a y b e eve n greate r  tha n 
indicate d b y ou r  correlationa l  results . 

Shape measures versus typicality. Two versions of 
th e templat e measur e wer e used :  exempla r  an d prototyp e 
(e.g. .  Smit h an d Medin ,  1981) .  I n th e exempla r  version , 
eac h picture d exempla r  wa s compare d vi a templat e matc h t o 
al l  othe r  instance s o f  it s  basi c leve l  category ;  resultin g 
score s wer e average d t o ge t  th e shap e similarit y scor e fo r 
tha t  exemplar .  I n th e prototyp e version ,  th e subordinat e 
categor y wit h tfie  highes t  mea n typicalit y ratin g wa s chose n 
as prototyp e fo r  eac h o f  th e thre e basi c leve l  categorie s (i n 
al l  thre e cases ,  thi s subordinat e categor y als o ha d th e highes t 
or  nea r  highes t  scor e o n th e exemplar-base d shap e similarit y 
measur e jus t  discussed) .  Fo r  example ,  'labrado r  retriever ' 
was th e do g wit h th e highes t  typicalit y rating ,  s o i t  serve d 
as th e do g prototype .  Shap e similarit y score s wer e the n 
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determine d fo r  eac h nonprototyp e exempla r  b y comparin g 
the m vi a templat e matc h t o eac h prototyp e exemplar .  So , 
t o agai n us e dog s a s a n example ,  eac h nonprototyp e do g wa s 
compare d agains t  eac h labrado r  retrieve r  exempla r  usin g th e 
templat e match .  I n bot h prototyp e an d exempla r  cases , 
averag e score s fo r  eac h exempla r  wer e the n average d withi n 
eac h subordinat e categor y t o ge t  a  mea n scor e fo r  tha t 
subordinat e category .  Thes e shap e similarit y score s wer e 
the n compare d wit h typicalit y scores .  Fo r  th e exempla r 
version ,  shap e similarit y wa s no t  significantl y correlate d 
wit h typicalit y fo r  picture s o r  silhouette s o f  fish,  dogs ,  an d 
bird s (not e tha t  thi s i s evidenc e agains t  on e particula r 
exemplar  model ,  no t  th e clas s i n genera l  -  se e Smit h an d 
Medin ,  1981 ;  anothe r  sor t  o f  exempla r  mode l  wort h 
investigatin g i n thi s contex t  i s  on e tha t  weight s eac h 
exempla r  b y frequenc y o f  instantiation ,  followin g Barsalou , 
1985) .  Fo r  th e prototyp e version ,  templat e shap e similarit y 
correlate d significantl y wit h typicalit y fo r  bot h bir d picture s 
(r=.70 ,  p<.008 )  an d silhouette s (r=.61 ,  JK.OS )  an d fo r  bot h 
fish  picture s (r=.65 ,  p<.003 )  an d silhouette s (r=.58 , 
[K.009) ,  bu t  no t  fo r  dog s (î .3 5 fo r  picture s an d .2 8 fo r 
silhouettes) .  Furthe r  improvement s fo r  bird s wer e foun d b y 
addin g a  paramete r  fo r  norma l  orientatio n o f  birds .  S o m e 
bird s (i.e. ,  penguin s an d owls )  normall y stan d i n a  vertica l 
orientatio n (an d wer e s o pictured) ,  s o th e paramete r  valu e 
was se t  t o 1  fo r  thes e birds ,  bu t  mos t  bird s stan d i n a  mor e 
diagona l  o r  horizonta l  orientation ,  s o th e paramete r  valu e 
was se t  t o 0  fo r  thes e birds .  Thi s paramete r  i s sensibl e 
becaus e mos t  bird s d o no t  stan d vertically ,  makin g thos e 
tha t  d o distinctive .  Additio n o f  thi s paramete r  increase d 
correlation s t o r=.8 7 an d r=.8 5 fo r  bir d picture s an d 
silhouettes ,  respectivel y (p<.(X) 2 i n bot h cases) . 

Whil e th e templat e measur e yielde d goo d result s fo r 
bird s an d fis h bu t  no t  dogs ,  th e opposit e patter n occurre d 
wit h th e first  o f  ou r  feature-base d shap e measures ,  th e 
compactnes s measure ;  s o th e tw o measure s see m 
complementary .  Specifically ,  correlation s betwee n 
compactnes s an d typicalit y wer e no t  significan t  fo r  bird s an d 
fish,  bu t  wer e significan t  fo r  do g picture s (.57 ,  p<.02 )  an d 
silhouette s (.70 ,  p<.002) .  Th e do g result s mak e som e 
intuitiv e sense :  breed s wit h lowe r  compactnes s score s lik e 
dachshund s an d St .  bemard s wer e rate d lowe r  i n typicalit y 
tha n breed s wit h mor e slender ,  elongate d bod y part s (henc e 
highe r  compactnes s scores) ,  lik e retrievers . 

A secon d featur e measur e use d wa s numbe r  o f  part s i n 
an exemplar' s silhouette ,  a s estimate d b y numbe r  o f 
concavities .  Whil e thi s measur e di d no t  see m usefu l  fo r 
bird s an d dogs ,  a s thei r  par t  structure s remai n essentiall y 
unchange d acros s subordinates ,  i t  di d see m usefu l  fo r  fish,  a s 
th e numbe r  o f  fin s varie s widel y betwee n subordinates . 
Whil e numbe r  o f  part s pe r  s e di d no t  correlat e wel l  wit h 
typicalit y fo r  fish  (r=.0 8 fo r  picture s an d r=.0 3 fo r 
silhouettes) ,  a  plo t  o f  part s versu s typicalit y produce d a n 
asymmetrica l  inverte d Lf-shape d function .  Takin g M t o b e 
th e mea n numbe r  o f  parts ,  th e transformatio n Ipart s -
Ml/part s i s usefu l  i n thi s contex t  T o justif y th e choic e o f 
numerato r  (Ipart s -  Ml ) ,  not e tha t  fish  typicall y hav e 4- 5 
concavitie s o n average ,  s o thos e wit h fewe r  (e.g. ,  eels )  o r 
more (e.g. ,  catfis h -  whisker s creat e concavities )  see m les s 
typical .  I n othe r  w(x-ds ,  th e numerato r  simpl y reflect s degre e 

of  deviatio n o f  a  give n fish  exempla r  fro m th e fish 
prototype ,  a s measure d i n term s o f  numbe r  o f  parts .  Th e 
choic e o f  denominato r  wa s motivate d b y psychophysica l 
studie s o f  magnitud e estimation .  Specifically ,  perception s 
of  jus t  noticeabl e difference s i n magnitud e ar e common l y 
proportiona l  t o th e magnitude ,  a  relationshi p c o m m o n l y 
know n a s Weber' s la w (e.g. ,  Engen ,  1972) ;  s o divisio n b y 
magniuid e (numbe r  o f  parts )  serve s a s a  normalizin g facto r 
(on e migh t  argu e tha t  perhap s numbe r  o f  part s an d mea n 
number  o f  part s shoul d b e average d a s th e normalizin g 
factor ,  bu t  thi s linea r  transformatio n o f  th e origina l 
normalizin g facto r  woul d no t  chang e th e correlatio n o f  th e 
transforme d predicto r  wit h typicality) .  I n fact ,  th e resultin g 
transforme d value s correlate d wel l  wit h typicalit y o f  fis h 
picture s (i ^  -.74 ,  p<.0003 )  an d silhouette s (r = -.72 ,  p<.003) . 
Finally ,  th e transforme d value s correlate d poorl y wit h th e 
templat e measur e (r = -.17) ,  s o the y see m t o b e capturin g 
differen t  aspect s o f  shap e variation . 

G e n e r a l  D i s c u s s i o n 

In summary, shape made a strong contribution to the 
assessmen t  o f  typicalit y fo r  th e picture s tested ,  a s evidence d 
by th e stron g correlatio n betwee n result s o n picture s an d 
thos e o n silhouettes .  Also ,  w e hav e severa l  measure s o f  th e 
contributio n o f  shap e -  templat e overlap ,  compactness ,  an d 
number  o f  part s -  eac h o f  whic h appear s t o captur e a  differen t 
aspec t  o f  tha t  contribution .  Further ,  a  mor e genera l  tes t  o f 
th e templat e shap e measur e usin g approximatel y tw o doze n 
basi c leve l  categorie s foun d tha t  template-determine d shap e 
similarit y wa s significantl y correlate d wit h typicalit y fo r 
most  o f  th e categorie s teste d (Estin ,  Smith ,  an d Medin , 
1994) .  A s on e o f  th e fundamenta l  problem s i n categor y 
researc h i s t o determin e th e feature s use d i n categorizatio n 
(e.g. ,  Medin ,  1989) ,  th e curren t  wor k i s importan t  becaus e i t 
makes progres s o n thi s problem . 

A numbe r  o f  direction s fo r  futur e researc h o n thi s topi c 
see m wort h pursuing .  First ,  i t  woul d b e interestin g t o 
furthe r  develo p th e shap e featur e approac h b y tryin g 
additiona l  featur e measures ,  an d way s t o combin e differen t 
measures .  Second ,  despit e th e reasonabl y goo d prediction s 
made b y th e templat e an d featur e models ,  the y hav e clea r 
limitation s (e.g. .  Pinker ,  1984) .  Thu s on e o f  ou r  goal s i s 
t o develo p a n improve d structura l  descriptio n mode l  tha t  ca n 
accoun t  fo r  th e result s presente d her e (furthe r  development s 
i n shap e featur e measure s migh t  stil l  b e usefu l  i n tha t  the y 
coul d iffovid e constraint s o n a  structura l  descriptio n model) . 
Third ,  w e ar e intereste d i n typicalit y becaus e i t  ca n b e use d 
t o estimat e similarit y whic h i n tur n ca n b e use d t o predic t 
categor y membership ;  bu t  shap e measure s serv e a s direc t 
measure s o f  similarity ,  s o shap e similarit y ough t  t o predic t 
categorizatio n directly .  Also ,  similarit y a s tappe d b y 
speede d categorizatio n m a y diffe r  fro m similarit y a s tappe d 
by slowe r  an d perhap s mor e deliberativ e judgment s o f 
typicalit y (fo r  a  relate d point ,  se e Barsalou ,  1987) .  A s w e 
wis h t o accoun t  bot h fo r  typicalit y an d categorization ,  w e 
ar e als o examinin g shap e model-base d prediction s o f  spee d 
and accurac y o f  categorization .  O u r  preliminar y result s 
sugges t  tha t  th e curren t  shap e measure s predic t  spee d an d 
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accurac y o f  categorizatio n abou t  a s wel l  a s the y predic t 
typicality .  Suc h a  convergenc e o f  result s  i s consisten t  wit h 
th e clai m tha t  subject s di d no t  determin e typicalit y indirectl y 
vi a subordinat e categorizatio n (e.g. ,  b y sayin g "tha t  i s a 
flamingo ,  an d flamingoe s ar e atypical") ,  becaus e th e 
categorizatio n tas k doe s no t  allo w thi s sor t  o f  slow , 
deliberativ e processing ,  an d becaus e th e sam e measur e 
predict s th e result s o f  bot h tasks .  Fourth ,  w e ar e als o 
collectin g rating s o f  familiarit y an d subordinat e typicalit y t o 
contro l  fo r  possibl e effect s o f  thes e variable s -  w e pla n t o 
asses s contribution s o f  thes e factor s an d differen t  shap e 
measure s o n typicalit y an d subordinat e categorizatio n usin g 
multipl e regression .  Finally ,  a s mentione d i n th e 
introduction ,  som e curren t  model s fo r  categorizatio n o f 
natura l  object s perfor m categorizatio n vi a similarit y a s 
determine d b y liste d features .  A s a  wa y t o examin e th e 
difference s betwee n verba l  an d visua l  categorizatio n (an d a s 
anothe r  wa y t o chec k i f  subject s ar e usin g backgroun d 
knowledg e t o perfor m typicalit y  judgments) ,  w e pla n t o us e 
bot h visua l  an d verba l  categorizatio n paradigms ,  an d us e th e 
feature-listin g method s discusse d i n th e introductio n a s wel l 
as ou r  shap e measures ,  t o generat e iHediction s o f  typicality . 
Thi s woul d allo w u s t o se e th e exten t  t o whic h prediction s 
base d o n feature-listin g model s correlat e wit h thos e produce d 
by th e shape-base d measures ,  an d t o examin e relation s 
betwee n vetba l  an d visua l  categorization . 
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