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ABSTRACT 

Most AI systems model and represent natural concepts and categories using uniform taxo-
nomies ,  i n whic h n o leve l  i n th e taxonom y i s distinguished .  W e presen t  a  representatio n o f 
natura l  taxonomie s base d o n th e theor y tha t  huma n categor y system s ar e non-uniform . 
That  is ,  no t  al l  level s o f  abstractio n ar e equall y importan t  o r  useful ;  ther e i s a  basi c leve l 
whic h form s th e cor e o f  a  taxonomy .  Empirica l  evidenc e fo r  thi s theor y i s discussed ,  a s ar e 
th e linguisti c an d processin g implication s o f  thi s theor y fo r  a n artificia l 
intelligence/natura l  languag e processin g system .  W e presen t  ou r  implementatio n o f  thi s 
theor y i n SNePS,  a  semanti c networ k processin g syste m whic h include s a n A T N parser -
generator ,  demonstratin g h o w thi s desig n allow s ou r  syste m t o mode l  huma n performanc e 
i n th e natura l  languag e generatio n o f  th e mos t  appropriat e categor y nam e fo r  a n object . 
The interna l  structur e o f  categorie s i s als o discussed ,  an d a  representatio n fo r  natura l  con -
cept s usin g a  prototyp e mode l  i s presente d an d discussed . 

1.  INTRODUCTION. 

Knowledge-base systems typically model and represent natural concepts and categories using uni-
for m inheritiinc e network s [Quillia n 1967 ,  1968 ,  1969 ;  Collin s &  Quillia n 1970 ;  Fahlma n 1979 ]  o r 
fram e system s [Prathma n 1983 ;  Brachma n &  Schmolz e 1984] .  W e wil l  presen t  a  representatio n o f 
natura l  taxonomie s base d o n th e theor y tha t  huma n categor y system s ar e non-uniform ,  i.e. ,  tha t  no t  al l 

level s o f  abstractio n ar e equall y importan t  o r  useful .  Thi s theor y i s supjxirte d b y a  substantia l  bod y o l 

empirica l  evidenc e fro m th e fields  o f  psychology ,  anthropology ,  an d linguistic s [Rosc h e t  al .  1976 , 

1978 ;  Mervi s &  Rosc h 1981 ;  Berli n 1978 ;  C .  H .  Brow n e t  al .  1976 ;  Tversk y 1978 ;  Hun n 1976 ;  Canto r 

et  al .  1979 ;  Smit h <f e Medi n 1981] .  W e wil l  discus s som e o f  th e evidenc e fo r  thi s theory ,  a s wel l  a s 

some o f  th e linguisti c an d processin g implication s o f  thi s theor y fo r  a n A I  syste m modelin g huma n 

cognitiv e behavior . 

The nee d fo r  a  non-unifor m representatio n wil l  b e extende d a s w e conside r  th e interna l  structur e 

of  natura l  concepts .  W e wil l  presen t  an d discus s som e o f  th e empirica l  evidenc e tha t  support s th e us e 

of  a  prototyp e mode l  fo r  thes e concepts ,  an d presen t  a  representatio n usin g thi s model .  W e wil l  argue , 

however ,  tha t  certai n level s o f  abstractio n exhibi t  mor e o f  a  prototypicalit y structur e tha n others ,  an d 

that ,  therefore ,  distinc t  representation s ar e agai n neede d i n modelin g th e interna l  structur e o f  concept s 

at  differen t  level s o f  abstractio n i n a  taxonomy . 

Our  implementatio n use s th e SNeP S semanti c networ k processin g syste m whic h include s a n A T N 

parser-generato r  [Shapiro ,  1978 ,  1979 ,  1982 ,  1986] . 

2. THEORY THE VERTICAL DIMENSION OF CATEGORY SYSTEMS - A BASIC LEVEL. 

Our  representatio n i s base d o n th e followin g principle s o f  huma n categorizatio n se t  fort h b y 
Eleano r  Rosch .  Categorie s withi n taxonomie s ar e structure d suc h tha t  ther e i s on e leve l  o f  abstractio n 

at  whic h th e mos t  basi c categor y cut s ca n b e made .  Thi s leve l  o f  abstractio n form s th e "core "  [Berli n 

1978 ,  p .  24 ]  o f  a  taxonomy ,  an d i s calle d th e basi c level .  Basi c categorie s are :  (l )  thos e whic h carr y th e 

most  information ;  (2 )  thos e whos e member s hav e th e mos t  attribute s i n common ;  an d (3 )  th e categorie s 
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most  differentiate d fro m on e another .  Basi c leve l  categorie s are ,  i n fact ,  disjoint .  Chair ,  car ,  an d do g 

ar e example s o f  basi c leve l  objects . 

Level s o f  a  taxonom y above  th e basi c leve l  ar e calle d superordinat e categorie s (e.g. ,  furniture , 

vehicle ,  m a m m a l ) .  Fewe r  attribute s ar e share d amon g member s o f  superordinat e categories ,  i.e. ,  ther e 

i s les s categor y resemblance .  Categorie s belo w th e basi c leve l  ar e calle d subordinat e categorie s (e.g. , 

kitche n chair ,  statio n wagon ,  collie) .  Subordinat e categorie s contai n man y attribute s whic h overla p 

wit h thos e o f  othe r  subordinat e categories ,  i.e. ,  ther e i s les s contras t  betwee n categorie s acros s a  subordi -

nat e level . 

2.1. Empirical Evidence. 

The followin g summarize s som e o f  Rosch' s empirica l  evidenc e supportin g th e existenc e o f  a  basi c 

leve l  whic h form s th e cor e o f  a  taxonomy .  [Rosc h e t  al .  1976 ,  1978 ;  Mervi s &  Rosc h 1981] . 

2.1.1. Attributes of Objects. 

W h en subject s wer e aske d t o lis t  attribute s o f  basic ,  superordinate ,  an d subordinat e leve l  objects , 

ver y fe w attribute s wer e liste d fo r  superordinat e categories ,  a  grea t  numbe r  o f  attribute s wer e liste d 

fo r  basi c categories ,  an d a n insignifican t  numbe r  o f  additiona l  attribute s wer e liste d fo r  subordinat e 

leve l  categories .  Thi s resul t  support s th e theor y tha t  th e basi c leve l  i s  th e mos t  inclusiv e o r  genera l 

leve l  a t  whic h th e object s o f  a  categor y posses s a  larg e numbe r  o f  attribute s i n common .  Attribute s 

appea r  t o b e clustere d a t  th e basi c level . 

2.1.2. Object Recognition. 

Experiment s usin g average d shapes ,  obtaine d b y superimposin g outline s o f  object s t o for m nor -

malize d shapes ,  showe d tha t  th e basi c leve l  i s  th e mos t  inclusiv e leve l  a t  whic h th e average d shap e o f 

an objec t  ca n b e recognized .  Tha t  is ,  basi c object s (e.g. ,  chairs ,  dogs )  wer e th e mos t  genera l  object s tha t 

coul d b e identifie d fro m thes e shapes ;  superordinat e object s (e.g. ,  furniture ,  animals )  coul d no t  b e 

identifie d fro m average d shapes .  Thi s suggest s tha t  basi c leve l  objects ,  ar e th e mos t  inclusiv e categorie s 

fo r  whic h a  concret e menta l  imag e o f  th e categor y a s a  whol e ca n b e formed .  W e ca n for m a n imag e 

of  a  ca t  o r  do g whic h reflect s th e averag e member s o f  th e class ,  however ,  w e canno t  for m a n imag e o f 

a m a m m al  tha t  reflect s th e appearanc e o f  th e clas s a s a  whole . 

2.1.3. Object Names Categorization, 

Studie s o f  pictur e verificatio n hav e demonstrate d tha t  object s ar e first  recognize d a s member s o f 

thei r  basi c leve l  category .  W h e n subject s wer e show n picture s o f  objects ,  th e basi c leve l  nam e wa s th e 

name chose n fo r  a n object .  Wit h additiona l  processin g time ,  subject s wer e abl e t o categoriz e object s a t 

thei r  subordinat e an d superordinat e levels .  Thus ,  subject s k n e w th e subordinat e an d superordinat e 

names o f  objects ,  bu t  categorize d object s first  a t  th e basi c level .  Rosc h furthe r  state s tha t  basi c leve l 

object s ar e th e first  categorization s mad e durin g perceptio n o f  th e environment ,  a s wel l  a s th e 

categorie s mos t  named ,  an d mos t  necessar y i n language . 

2.1.4. Development of Categories. 

Basi c leve l  object s ar e no t  onl y th e first  categorie s learne d b y children ,  the y appea r  t o b e forme d 

difî erentl y fro m categorie s a t  othe r  levels .  Tha t  is ,  basi c categorie s ar e no t  learne d explicitl y  b y 

acquirin g a  definitio n o r  deductiv e rule ,  bu t  rathe r  ar e learne d implicitl y  b y exposur e t o multipl e 

instance s o f  th e category ;  i.e. ,  the y ar e forme d inductively .  Thi s i s ofte n calle d th e acquisitio n o f  type s 

throug h ostensiv e definition s [Jackendofi "  1983] .  Categorie s subordinat e an d superordinat e t o thi s leve l 

ar e ofte n forme d b y th e acquisitio n o f  a  deductiv e rul e [Berli n 1978] .  Fo r  example ,  th e concep t  mam-

mal  migh t  b e learne d i n term s o f  a  rul e whic h list s attribute s suc h as :  warm-blooded ;  bod y usuall y 

covere d wit h hair ;  femal e give s mil k t o young . 
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2.13. Summary of Empirical Evidence. 

Thus ,  recen t  categorizatio n researc h provide s a  grea t  dea l  o f  empirica l  evidenc e supportin g th e 

importanc e o f  basi c leve l  categorie s i n a  taxonomy ,  an d th e non-uniformit y o f  huma n categor y sys -

tems .  Basi c leve l  categorie s ar e th e first  categorie s developed ,  the y ar e forme d differentl y tha n non -

basi c categories ,  the y ar e th e mos t  use d an d usefu l  categories ,  an d therefore ,  the y mus t  b e distinguishe d 

fro m non-basi c categorie s i n som e way . 

3. REPRESENTATION AND USE OF CATEGORIES IN AN AI/NLP SYSTEM. 

I f  a n artificia l  intelligence/natura l  languag e processin g (AI/NLP )  syste m modelin g huma n 

categor y system s mus t  b e abl e t o distinguis h basi c leve l  categorie s fro m non-basi c categories ,  a n impor -

tan t  issu e t o b e considere d i s h o w an d wher e t o mak e th e distinction .  Basi c leve l  object s ar e use d i n 

tw o kind s o f  categorization :  "ordinary "  categorization ,  i.e. ,  th e classificatio n o f  a n individua l  i n a  class , 

and generi c categorization ,  i.e. ,  categorizatio n involvin g tw o classe s o r  types .  I t  seem s clea r  tha t  sinc e 

basi c leve l  categorie s ar e forme d earl y i n life ,  the y ar e forme d vi a ordinar y categorization .  Th e teach -

in g o f  thes e name s i s limite d t o th e presentatio n o f  example s an d counter-examples .  Thus ,  a  chil d m a y 

lear n th e basi c leve l  nam e 'dog' ,  a s someon e point s t o Rove r  an d say s 'dog' .  Therefore ,  ou r  syste m 

makes th e distinctio n betwee n basi c an d non-basi c level s i n th e representation s fo r  ordinar y categoriza -

tion ,  i.e. ,  i n th e individual/clas s relations . 

Figur e l a show s th e cas e fram e use d fo r  ordinar y categorizatio n o f  a  basi c leve l  object .  Her e m l 

represent s th e propositio n tha t  th e individua l  represente d b y i  i s a  member  o f  th e basi c leve l  categor y 

represente d b y j .  Figur e l b show s th e representatio n fo r  "Rove r  i s a  dog" .  [Se e Shapir o &  Rapapor t 

1986 fo r  th e synta x an d semantic s o f  othe r  constructs. ] 

Sinc e non-basi c categorie s ar e forme d late r  tha n basi c categories ,  an d ar e forme d i n th e cours e o f 

th e investigatio n o f  underlyin g principle s rathe r  tha n ostensiv e features ,  w e us e a  slightl y mor e com -

ple x cas e fram e t o represen t  membershi p i n a  non-basi c leve l  category .  Thus ,  i n Figur e 2 a m l 

represent s th e propositio n tha t  th e individua l  represente d b y i  i s a  member  o f  th e non-basi c categor y 

represente d b y j .  Th e representatio n o f  "Rove r  i s a  m a m m a l "  i s  show n i n Figur e 2b . 

^_ ^  >- < arg l  re l  arg 2 
j O Proper̂ am e \,,^ ,  i /  i  N . 

O 0 O 

le x le x 

;rover ) 

Figur e 2 a Figur e 2 b 
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Figure 3a Figure 3b 

These case frames in SNePS are the built-in syntactic structures of our modeled minds. The use 
of  th e member'clas s cas e fram e reflect s th e basi c o r  primitiv e natur e o f  categorizatio n i n basi c 
categories ,  wherea s th e us e o f  th e argl/rel/arg 2 cas e fram e treat s membershi p i n non-basi c categorie s 
as a n ordinar y binar y relation .  Thus ,  ou r  syste m distinguishe s tw o case s o f  ordinar y categorization : 
one representatio n i s use d whe n th e clas s membershi p involve s a  basi c leve l  category ,  anothe r  represen -
tation ,  whe n th e clas s membershi p involve s a  non-basi c category . 

I n additio n t o thi s ordinar y categorization ,  a  syste m must ,  o f  course ,  b e abl e t o represen t  generi c 
categorization ,  i.e. ,  class/clas s relations ,  suc h a s "EX)g s ar e mammals" .  Thes e relation s ar e represente d 
usin g a  subclass/superclas s cas e frame .  Se e Figur e 3a .  Her e m l  represent s th e propositio n tha t  th e clas s 
of  i' s  ar e a  subclas s o f  th e clas s o f  j's .  Th e representation s o f  "Dog s ar e mammals "  an d "Collie s ar e 
dogs "  ar e show n i n Figure s 3 b an d 3 c respectively . 

Thus ,  w e buil d a  traditiona l  unifor m typ e hierarch y o f  class/clas s relations .  W e se e n o reaso n t o 
distinguis h an y relation s i n th e hierarchy ,  sinc e w e find  n o evidenc e tha t  generi c categorizatio n sen -
tence s suc h a s "collie s ar e dogs" ,  "dog s ar e mammals" ,  "mammal s ar e vertebrates" ,  requir e differen t 
underlyin g representations .  (I t  i s  noteworth y tha t  ther e ar e n o cl2iss/clas s relation s betwee n tw o basi c 
leve l  categories. ) 

Sinc e a n abilit y  t o for m abstrac t  concept s i s require d fo r  generi c categorization ,  thi s categorizatio n 
occur s a t  a  late r  stag e o f  developmen t  tha n doe s ordinar y categorizatio n o f  basi c leve l  objects .  There -
fore ,  th e typ e hierarchy ,  whic h i s forme d afte r  basi c leve l  concept s ar e formed ,  i s no t  th e appropriat e 
plac e t o mak e th e distinctio n betwee n basi c an d non-bzisi c categories .  I n summary ,  a  singl e representa -
tio n i s use d fo r  class/clas s relations ,  bu t  tw o distinc t  representation s ar e use d fo r  individual/clas s rela -
tions . 

KRL- 0 [Bobro w &  Winogra d 1977a ,  1977b ,  1979 ]  is ,  t o ou r  knowledge ,  th e onl y othe r  A I  syste m 
t o distinguis h beisi c an d non-basi c level s i n th e representatio n o f  taxonomies .  KRL- 0 use d unit s t o 
represen t  bot h classe s an d individuals .  Thre e distinc t  level s o f  abstractio n wer e use d i n th e representa -
tio n o f  classe s o r  type s i n units :  a  basi c level ,  a n abstrac t  level ,  an d a  specializatio n level .  Bobro w an d 
Winogra d state d tha t  the y di d not ,  however ,  find  a n appropriat e wa y t o us e thes e uni t  categorizatio n 
level s fo r  classes ,  an d remove d uni t  categorizatio n fro m KRL- 1 [Bobro w &  Winogra d 1979 ,  p .  41] . 
Althoug h no t  precisel y specifie d i n thei r  papers ,  Bobro w an d Winogra d appea r  t o hav e mad e distinc -
tion s amon g th e level s o f  abstractio n i n th e typ e hierarch y o f  frame s only ,  no t  i n th e individual/clas s 
relationships .  W e coul d no t  find  an y evidenc e tha t  distinction s wer e mad e i n th e unit s representin g 
individual s [Bobro w &  Winogra d 1977 a p .  23] . 

3.1. INHERITANCE AND LINGUISTIC IMPLICATIONS. 

3.1.1. Inheritance. 

One o f  th e organizationa l  principle s t o whic h mos t  semanti c network s an d fram e system s adher e 
i s tha t  o f  storin g projjertie s i n th e hierarch y a t  th e plac e coverin g th e maximal  subse t  o f  node s sharin g 
them .  Thi s i s a n efficien t  organizationa l  schem e i n whic h propertie s d o no t  hav e t o b e replicate d a t 
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differen t  place s i n th e network ,  fo r  the y ar e inherite d b y node s belo w th e one s i n whic h the y ar e 

stored .  Thi s principl e fits  i n wel l  wit h th e theor y o f  cognitiv e economy ,  fo r  on e ca n gai n a  grea t  dea l 

of  informatio n fro m a  categor y syste m organize d i n thi s way ,  whil e conservin g resources . 

Categorizatio n researc h studies ,  however ,  d o no t  suppor t  thi s principl e o f  organization .  A s state d 

above ,  propertie s appea r  t o b e clustere d a t  th e basi c level ,  no t  a t  th e leve l  coverin g th e maxima l  subse t 

of  nodes .  Thi s mean s tha t  ther e i s no t  a  grea t  dea l  o f  inheritanc e o f  propertie s takin g plac e i n th e typ e 

hierarchy .  Instea d mos t  inheritanc e occur s a t  th e individua l  level ,  i.e. ,  fro m th e basi c leve l  categor y t o 

th e individual .  Thus ,  Rove r  inherit s attribute s fro m th e basi c leve l  categor y dog . 

3.1.2. Linguistic Implications. 

Perhap s th e mos t  dramati c enhancemen t  t o ou r  syste m resultin g fro m ou r  distinguishin g basi c 

and non-basi c leve l  categorie s i s ou r  abilit y  t o mode l  huma n performanc e b y choosin g th e mos t 

appropriat e categor y nam e fo r  a n object .  System s usin g unifor m taxonomie s hav e t o mak e arbitrar y 

wor d choic e decisions .  Fo r  example ,  th e NIGE L generato r  [Sondheime r  e t  al .  1986 ]  generate s a s specifi c 

a ter m a s possible .  However ,  w e k n o w fro m huma n categorizatio n researc h tha t  i n th e absenc e o f  a 

specifi c  contex t  tha t  woul d lea d on e t o us e a  non-basi c leve l  nam e fo r  a n object ,  th e basi c leve l  nam e 

shoul d b e used . 

The dialo g show n i n Figur e 4  illustrate s ou r  system' s abilit y  t o mode l  huma n performanc e i n 

thi s respect .  Sinc e th e basi c leve l  nam e i s th e mos t  usefu l  an d mos t  use d name ,  th e mos t  appropriat e 

answer  t o th e questio n "Wha t  di d Luc y pet? "  i s no t  th e specializatio n "collie "  o r  th e superordinat e 

leve l  nam e "mammal ,  bu t  th e basi c leve l  nam e "dog" . 

The additiona l  dialo g show n i n Figur e 5  demonstrate s tha t  th e basi c leve l  nam e i s chose n regard -

les s o f  th e orde r  i n whic h categorie s ar e mentioned ,  an d als o demonstrate s th e natura l  languag e inpu t 

of  classificationa l  information . 

4. THEORY - THE INTERNAL STRUCTURE OF CATEGORIES. 

Althoug h categorie s hav e bee n viewe d traditionall y a s concept s establishe d b y necessar y an d 
sufficien t  criteria ,  an d man y A l  system s hav e modele d natura l  concept s i n thi s w a y [Brachma n 1983 ; 

Brachma n &  Schmolz e 1984 ;  Fahlma n 1979] ,  recen t  categorizatio n researc h o n naturall y occurrin g con -

cept s doe s no t  suppor t  thi s vie w [Rosc h 1976 ,  1978 ;  Mervi s &  Rosc h 1981 ;  Smit h &  Medin ,  1981] . 

Rosch ha s suggeste d tha t  anothe r  w a y t o achiev e separatenes s an d clarit y o f  categorie s i s b y "conceiv -

in g o f  eac h categor y i n term s o f  it s  clea r  cases "  [Rosc h 1978 ,  p .  36] ,  tha t  is ,  i n term s o f  prototypes . 

Thus ,  al l  member s o f  a  categor y ar e no t  equall y representativ e o f  th e category ,  but ,  rather ,  som e exem -

plar s ar e mor e representativ e tha n others .  Prototypica l  categor y member s ar e thos e member s whic h 

hav e th e mos t  attribute s i n commo n wit h othe r  member s o f  th e categor y an d th e fewes t  attribute s i n 

common wit h member s o f  contrastin g categories . 

4.1. Empirical Evidence Supporting Prototype Theory. A large body of empirical evidence 

exist s whic h support s th e theor y tha t  categorie s ar e conceive d o f  i n term s o f  prototypes ,  an d that , 

therefore ,  categor y member s var y i n representativenes s [Rosc h 1978 ;  Mervi s &  Rosc h 1981 ;  Smit h & 

Medi n 1981] .  A  brie f  overvie w o f  som e supportin g evidenc e follows . 

4.1.1. Production of Exemplars. When subjects are asked to list exemplars of superordinate 

categories ,  the y lis t  th e mos t  representativ e exemplars .  Similarly ,  whe n subject s ar e aske d t o sketc h a n 

exempla r  fo r  a  particula r  category ,  the y sketc h th e mos t  representativ e exemplar s [Mervi s &  Rosch , 

1981] . 

4.1.2. Categorization: Speed of Processing. Reaction times studies show that the verification of a 

robi n a s a  bir d i s performe d faste r  tha n th e verificatio n o f  a n ostric h o r  pengui n a s a  bird .  Thus ,  sub -

ject s ar e abl e t o verif y categor y membershi p faste r  fo r  thos e object s rate d a s bein g prototypical ,  i.e. ,  fo r 

representativ e exemplars ,  tha n fo r  thos e rate d a s non-prototypica l  [Mervi s &  Rosch ,  1981] .  I n addition , 
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at n parse r  initudizatio n 

:  Luc y pette d a  yello w anima l 
I  undentan d tha t  Luc y pette d a  yello w anima l 

:  Th e anima l  wa a a  do g 
I  undentan d tha t  th e yello w anima l  U  a  do g 

:  Th e do g wa s a  colli e 
I  understan d tha t  th e yello w do g i s a  colli e 

:  Wha t  di d Luc y pe t 
Luc y pette d a  yello w do g 

:-en d 
(en d at n parser ) 

Figur e 4 

at n parse r  initializatio n 

:  Mar y pette d a  do g 
I  understan d tha t  Mar y pette d a  do g 

: The dog is a mammal 
I  understan d tha t  th e do g i s a  m a m m al 

: The dog was a labrador 
I  understan d tha t  th e do g i s a  labrado r 

: What did Mary pet 
Mar y pette d a  do g 

: Jane petted a manz 
I  understan d tha t  Jan e pette d a  man z 

: The manz is a cat 
I  understan d tha t  th e man z i s a  ca t 

: A cat is a mammal 
I  understan d tha t  cat s ar e mammal s 

: Mammals are anim«i« 
I  understan d tha t  m«mmai « ar e «nimai « 

: Who petted an animal 
Mar y pette d a  do g 
and 
Jan e pette d a  ca t 

:-en d 
(en d at n parser ) 

Figure 5 
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when a  prime ,  i^ ,  th e prio r  mentio n o f  th e categor y name ,  i s provided ,  th e respons e tim e t o verif y 

categor y membershi p o f  representativ e exemplar s decreases .  Priming ,  however ,  increase s th e respons e 

tim e necessar y t o verif y th e membershi p o f  non-representativ e exemplar s [Mervi s &  Rosch ,  1981] . 

4.1.3. Learning and Development of Categories. 

Categor y membershi p i s establishe d firs t  fo r  thos e exemplar s tha t  ar e mos t  representativ e o f  th e 

category ;  membershi p fo r  non-representativ e exemplar s vacillate s fo r  som e time .  Thus ,  th e formatio n 

of  categor y prototype s i s relate d t o th e initia l  formatio n o f  categories :  th e mos t  representativ e member s 

of  categorie s ar e th e one s firs t  establishe d a s categor y members .  I n addition ,  categorie s ar e learne d mor e 

easil y i f  initia l  exposur e i s confine d t o representativ e exemplar s [Mervi s &  Rosc h 1981] . 

4.1.4. Categorization: Indeterminacy of Category Membership. Category boundaries are not 

wel l  defined .  Man y experiment s hav e reveale d tha t  subject s disagre e concernin g th e categor y t o whic h 

poor  exemplar s belon g [Berli n &  Ka y 1969 ;  Labo v 1973 ;  McCloske y &  Glucksber g 1978] .  Bot h Soka l 

[1974 ]  an d Rosc h &  Mervi s [1975 ]  hav e demonstrate d tha t  poo r  exemplar s contai n attribute s tha t  over -

la p wit h thos e o f  contras t  categories . 

4.1.5. Perception of Typicality Differences. There is general agreement among subjects when 

the y ar e aske d t o rat e ho w goo d a n exampl e i s o f  it s  category ,  o r  t o choos e th e exemplar  mos t  represen -

tativ e o f  it s category .  [Rosc h 1978 ;  Mervi s &  Rosc h 1981] . 

4.2. Summary of Empirical Evidence. If natural categories are determined by necessary and 

sufficien t  criteria ,  the n categor y member s shoul d b e equivalent ,  i.e. ,  an y member  o f  th e categor y shoul d 

be a s goo d a n exampl e o f  th e concep t  a s an y othe r  one .  Th e empirica l  evidenc e outline d above  doe s no t 

suppor t  thi s view .  Reactio n tim e studie s showin g th e spee d o f  categorization ,  studie s o f  th e learnin g 

and developmen t  o f  categories ,  studie s o f  typicalit y ratings ,  an d studie s involvin g th e productio n o f 

exemplars ,  demonstrat e tha t  al l  member s ar e no t  equall y goo d example s o f  thei r  category ,  bu t  rathe r 

tha t  som e member s o f  a  categor y ar e mor e representativ e tha n others . 

We ar e no t  proposin g tha t  a  prototyp e mode l  i s a n appropriat e on e fo r  al l  concepts ,  bu t  ar e con -

sidering *  onl y natura l  concept s i n thi s paper .  Some classe s o f  entitie s ma y indee d b e determine d b y 

necessar y an d sufficien t  criteria . 

4.3. Representation. 

As Rosc h point s out ,  us e o f  a  prototyp e mode l  doe s no t  specif y a  representatio n o f  categories ,  i t 

merel y constrain s ou r  choic e o f  representatio n [Rosc h 1978] .  Differen t  theorie s o f  semanti c memor y 

can accomodat e thi s view .  However ,  i t  seem s clea r  tha t  a  representatio n base d o n th e classica l  model , 

i.e. ,  o n necessar y an d sufficien t  criteria ,  canno t  accomodat e th e evidenc e discusse d above . 

4.3.1. Additional Constraints. 

We agre e wit h th e proposa l  [Rosc h 1978 ]  tha t  an y representatio n fo r  a  natura l  concep t  shoul d 

satisf y th e requirement s o f  (l )  mirrorin g th e structur e i n th e perceive d worl d an d (2 )  cognitiv e econ -

omy.  Cognitiv e econom y dictate s tha t  a  representatio n fo r  th e concep t  do g shoul d includ e onl y th e 

essentia l  informatio n fo r  th e categorizatio n o f  nove l  instance s o f  thi s concept ,  i.e. ,  informatio n abou t 

ho w dog s resembl e on e anothe r  an d diffe r  fro m othe r  concepts .  I n addition ,  w e believ e tha t  cognitiv e 

economy furthe r  dictate s tha t  w e mentall y represen t  categorie s i n term s o f  a n abstractio n whic h i s a n 

amalgamatio n o f  th e mos t  salien t  an d mos t  moda l  feature s o f  categor y members .  A n alternativ e t o 

thi s featura l  mode l  i s th e menta l  image  mode l  o f  prototypes .  However ,  a s Johnson-Lair d [1983 ]  point s 

out ,  image s ar e highl y specific .  Thus ,  w e d o no t  for m a n image  o f  tree s i n genera l  o r  o f  frui t  i n gen -

eral ,  rathe r  w e for m a n image  o f  a  specifi c  tre e o r  a  specifi c  fruit .  W e canno t  for m a n imag e tha t  i s 

isomorphi c t o th e clas s a s a  whol e fo r  thes e categories .  Th e imag e mode l  woul d requir e menta l  image s 

fo r  eac h o f  th e clear-cu t  case s o r  typica l  categor y members ,  rathe r  tha n a  composit e o f  th e feature s o f 

thes e typica l  members ,  an d ye t  seem s n o mor e usefu l  i n categorizin g nove l  instances .  Thus ,  th e 
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featura l  mode l  i s a  mor e economica l  one .  Th e featura l  mode l  i s als o abl e t o captur e functiona l  attri -

bute s whic h canno t  easil y b e capture d i n a  menta l  imag e o r  holisti c model . 

Our  representatio n make s us e o f  on e furthe r  constraint :  ou r  belie f  tha t  type s o r  categorie s ar e 

non-projectabl e o r  non-referring ,  i.e ,  type s d o no t  exist .  A s Jackendof f  [1983 ]  point s out ,  w e canno t 

poin t  t o a  type ,  bu t  onl y t o mstance s o f  types .  W e d o no t  conside r  a  prototyp e t o b e a n additiona l 

member  o f  it s  category ,  bu t  rathe r  conside r  i t  t o b e a n abstraction :  a  lis t  o f  features .  Therefore , 

althoug h ou r  representatio n fo r  th e prototypica l  do g m a y contai n th e featur e four-leggedness ,  w e d o 

not  concer n ourselve s wit h structura l  informatio n suc h a s thi s prototypica l  dog' s typica l  lef t  fron t  leg . 

We ar e onl y intereste d i n th e abstrac t  featur e o r  propert y four-leggedness .  fo r  it s  facilitatio n o f 

categorization .  Thi s constrain t  allow s u s t o avoi d som e o f  th e inheritanc e problem s wit h whic h 

Fahlman' s N E T L [1979 ]  mus t  deal ,  sinc e h e mus t  concer n himsel f  tha t  a n individua l  elephan t  doe s no t 

inheri t  th e typica l  elephant' s typica l  lef t  fron t  leg .  (Se e als o Shapir o [1980 ]  fo r  a  revie w o f  NETL. ) 

4.4. Implementation of Prototype Model in SNePS. 

Our  implementatio n represent s a  categor y a s a  collectio n o f  abstrac t  feature s o r  properties .  A 

separat e propositio n i s use d t o captur e eac h abstrac t  feature .  Thus ,  th e categor y bir d i s represente d i n 

term s o f  th e mos t  salien t  an d moda l  feature s o f  th e member s o f  th e concep t  bird ,  e.g. ,  files,  feathered . 

winged ,  ha s a  beak ,  sings ,  etc .  Eac h o f  thes e propertie s i s represente d wit h a  defaul t  generalization , 

e.g. ,  flie s i s represente d wit h a  defaul t  generalizatio n tha t  ma y b e paraphrase d as :  Fo r  al l  x  i f  x  i s a 

bird ,  the n presumabl y x  flies.  Figur e 6  show s a  partia l  representatio n fo r  th e prototyp e bird ,  usin g 

tw o o f  th e feature s mentione d above .  Thus ,  a  prototyp e i n ou r  syste m consist s o f  a  bundl e of "  defaul t 

generalizations ,  al l  o f  whic h shar e th e sam e antecedent ,  x  i s a  bird ,  i n ou r  example ,  an d th e sam e vari -

able . 

clas s 

ant 

member  objec t  propert y 

lex / object 

h /  V 5 
J/^dc q propert y 

le x 

t 
flies " 

Figur e 6 
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4^ .  EflFec t  o f  th e Leve l  o f  Abstractio n o n th e Representation . 

Whil e superordinat e leve l  categorie s ar e forme d i n th e cours e o f  th e investigatio n o f  underlyin g 

principles ,  basi c leve l  categorie s ar e forme d b y exposur e t o multipl e instances ,  o n th e basi s o f  ostensiv e 

features .  Therefore ,  i t  seem s tha t  basi c leve l  leve l  categorie s shoul d exhibi t  mor e o f  a  protypicalit y 

structur e tha n superordinat e leve l  categories .  Th e basi c leve l  i s  als o th e leve l  o f  abstractio n a t  whic h 

attribute s ar e clustered ;  ver y fe w attribute s cluste r  a t  highe r  level s i n th e taxonomy .  Thus ,  i t  seem s 

appropriat e t o us e distinc t  representation s fo r  th e interna l  representatio n o f  basi c an d non-basi c leve l 

categories :  a  prototyp e representatio n fo r  basi c leve l  categorie s an d perhaps ,  a  mixe d representatio n 

tha t  combine s deductiv e rule s whic h ar e tru e universals ,  e.g. ,  mamma l s ar e warm-blooded ,  wit h a n 

exempla r  component ,  tha t  is ,  wit h a  listin g o f  prominen t  exemplars ,  fo r  superordinat e leve l  concepts . 

4.6. Understanding Generic Sentences. 

Thi s wor k gre w ou t  o f  a n interes t  i n understandin g generi c sentences ,  i.e. ,  sentence s containin g 

generi c concepts .  W e ar e n o w considerin g whethe r  th e prototyp e mode l  i s o f  us e i n understandin g 

thes e sentence s whe n the y involv e basi c leve l  o r  subordinat e leve l  concepts .  On e o f  th e problem s thes e 

sentence s pos e fo r  a n AI /NL U syste m i s tha t  a  multiplicit y o f  quantifier s ca n b e posite d fo r  sentence s 

of  thi s type .  Conside r  th e followin g sentences : 

(l) Cardinals are red. (The mature males are red.) 

(2) Mosquitos carry malaria. (Very few actually carry malaria.) 

(3) Dogs are four-legged. (Most are four-legged.) 

(4) Shamrocks are green. (Most are green.) 

(5) Men are mortal. (Mortality is a necessary criterion in this case.) 

It may be more appropriate to examine the properties or features expressed in terms of saliency, rather 

tha n t o tr y t o determin e th e sens e o f  quantificatio n i n thes e sentences .  Feature s whic h w e conside r  t o 

be especiall y salient ,  suc h a s transmit s dangerou s disease ,  ma y b e par t  o f  th e abstractio n tha t  for m th e 

prototypica l  mosquito ,  regardles s o f  th e sens e o f  quantificatio n i n th e sentenc e o r  utterance . 

4.7. PROCESSING IMPLICATIONS. 

The non-uniformit y o f  huma n categor y system s als o ha s implication s fo r  a  processin g mode l  fo r 

categorization .  Categor y researc h ha s establishe d tha t  object s ca n b e identifie d a s member s o f  thei r 

basi c leve l  categor y mor e rapidl y tha n a s member s o f  thei r  superordinat e o r  subordinat e categories .  A 

possibl e processin g mode l  fo r  ou r  implementation ,  compatibl e wit h Rosch' s empirica l  evidenc e an d th e 

curren t  genera l  processin g assumption s abou t  categorizatio n involvin g featura l  model s [Smit h &  Medi n 

1981 ]  suc h a s our s i s th e following .  A n objec t  i s first  identifie d o r  recognize d a s a  member  o f  it s  basi c 

class ,  sinc e propertie s o r  attribute s ar e clustere d a t  th e basi c level .  Becaus e o f  thi s bundlin g o f  attri -

bute s a t  th e basi c level ,  thi s processin g involvin g featur e matchin g ca n b e performe d quickly .  Categori -

zatio n o f  a n objec t  a s a  member  o f  it s  subordinat e classe s require s additiona l  processin g time ,  becaus e 

additiona l  feature s mus t  b e matched ,  som e o f  whic h ar e muc h les s salien t  tha n th e feature s fo r 

categorizin g a n objec t  a t  th e basi c level .  Categorizatio n o f  a n objec t  a s a  member  o f  it s  superordinat e 

classe s require s inferencin g usin g th e typ e hierarchy .  W e us e path-base d inferenc e t o accomplis h thi s 

[Shapir o 1986 ,  1978] .  Performin g thi s inferencing ,  o f  course ,  require s additiona l  processin g time . 

5. CONCLUSIONS. 

We hav e incorporate d principle s o f  categorizatio n derive d fro m severa l  year s o f  researc h i n ou r 

Al/NL P system .  Principle s o f  categorization ,  take n seriously ,  affec t  th e desig n an d representatio n o f 

taxonomie s fo r  natura l  concepts .  W e distinguis h on e level ,  th e basi c level ,  a s th e cor e o f  ou r 
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taxonomies ,  usin g a  representatio n fo r  membershi p i n basi c categorie s distinc t  fro m tha t  use d fo r 
membershi p i n non-basi c categories .  Thi s representatio n allow s ou r  syste m t o mode l  huma n perfor -
mance i n th e generatio n o f  appropriat e name s fo r  objects :  whe n ther e i s n o contex t  effect ,  th e basi c 
leve l  nam e i s used . 

The us e o f  a  prototyp e representatio n an d storin g o f  attribute s a t  th e basi c leve l  wil l  allo w u s t o 
model  huma n performanc e i n categorizatio n task s involvin g basi c an d non-basi c leve l  objects . 
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