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I n relatio n t o th e "famil y resemblance "  organizatio n o f  feature s (Rosc h an d Mervls , 
1975) ,  mor e typica l  Instance s (e.g. ,  coa t  I n Clothing )  woul d hav e Permissibl e a s wel l  a s 
Obligator y feature s definin g thei r  membershi p i n th e categor y (e.g. ,  "Use d t o Kee p Warm" 
as wel l  a s "Worn") ,  an d les s typica l  Instance s (e.g. ,  purs e i n Clothing )  shoul d hav e 
onl y Obligator y feature s definin g thei r  membershi p i n th e categor y an d Impermissibl e 
feature s tha t  defin e thei r  membershi p i n contrastin g categories .  A s well .  Obligator y 
feature s shoul d var y i n ho w the y ar e applie d t o leas t  typica l  Instance s (a s i n th e 
"Worn "  an d purs e exampl e above) ,  a s thes e instance s don' t  hav e Permissibl e featur e 
definitions ,  an d d o hav e stron g (Impermissibl e feature )  connection s t o contrastin g 
categories .  Greate r  famil y resemblanc e woul d therefor e b e base d o n th e sharin g o f 
Permissibl e a s wel l  a s Obligator y features ,  an d les s famil y resemblanc e woul d b e base d 
on sharin g onl y th e Obligator y feature s an d sharin g Impermissibl e feature s wit h member s 
of  contrastin g categories . 

The organization of Obligatory, Permissible and Impermissible features should also 
be reflecte d i n th e taxonoml c dept h o f  categorization ,  a s wel l  a s i n cross-classifications , 
Where th e leas t  typica l  Instance s shoul d hav e mor e membership s i n contrastin g categorie s 
(a s Rosc h an d Mervls ,  1975 ,  found) ,  mos t  typica l  Instance s shoul d belon g t o mor e subset s 
of  th e categorie s (se e Pigur e 2 ) .  Fo r  example ,  coa t  shoul d belon g t o th e subse t  War m 
Clothin g unde r  Clothing ,  becaus e o f  th e Permissibl e featur e "Use d t o Kee p Warm" .  Thi s 
woul d b e s o becaus e th e membershi p o f  mos t  typica l  Instance s ca n b e define d b y Permissibl e 
features ,  an d thes e Permissibl e feature s i n tur n delimi t  salien t  subset s withi n th e 
(superordlnate )  categories .  A s well ,  thi s subse t  leve l  o f  taxonomlzatlo n shoul d b e 
accesse d befor e th e higher ,  superordlnat e categorie s (i n term s o f  least-upper-boun d 
share d memberships) ,  whe n comparin g tw o instance s tha t  shar e membershi p i n on e o f  thes e 
subset s (e.g. ,  coa t  an d sweate r  i n th e subse t  War m Clothing ;  se e Figur e 2 ) .  Thes e 
subset s constitut e par t  o f  th e greate r  taxonoml c dept h tha t  ha s no t  bee n traditionall y 

studie d i n categor y research . 

Experimental Procedures. All of the subjects were undergraduates in lower-division 
psycholog y classes ,  an d al l  o f  th e experimenta l  task s wer e pape r  an d penci l  tests .  Fac h 
of  th e experiment s ha d tw o tasks .  I n th e firs t  tas k o f  Experimen t  1 ,  subject s wer e aske d 
fo r  thre e categorie s fo r  "most "  an d "least "  typica l  instance s fro m A  superordlnat e 
categories .  Tools ,  Clothing ,  Furniture ,  an d Vehicles .  Th e "most "  typica l  instance s wer e 
thos e instance s tha t  ha d receive d a n averag e typicalit y ratin g o f  2  o r  les s i n thes e 
categorie s (o n a  7-poln t  scale )  i n Rosch' s (1975 )  norms ,  an d th e "least "  typica l  instance s 
receive d a n averag e ratin g o f  4. 5 o r  greater .  I n th e firs t  tas k o f  Experimen t  2 ,  subject s 
wer e aske d wh y mos t  an d leas t  typica l  Instances ,  an d most-leas t  typica l  Instanc e pair s 
ar e member s o f  th e superordlnat e categorie s the y ha d initiall y  bee n take n from ,  an d wh y 
th e singl e instance s ar e member s o f  othe r  categorie s frequentl y liste d fo r  the m i n 
Experimen t  1 .  I n th e firs t  tas k o f  Experimen t  3 ,  subject s wer e aske d wha t  i s th e sam e 
and differen t  abou t  most-most ,  most-least ,  an d least-leas t  typica l  Instanc e pairs .  A n 
equa l  numbe r  o f  thes e differen t  type s o f  Instanc e pair s wer e take n fro m thre e level s o f 
categorizatio n (a s determine d i n Experimen t  1 ) .  The y eithe r  1 )  share d membershi p i n th e 
same subse t  o r  contrastin g categor y an d th e sam e superordlnat e (e.g. ,  coa t  an d sweater) , 
2)  share d membershi p i n a  superordlnate ,  bu t  di d no t  shar e membershi p i n a  subse t  o r 
contrastin g categor y (e.g. ,  coa t  an d pants) ,  o r  3 )  cam e fro m differen t  superordlnate s 
and differen t  contrastin g categorie s (e.g. ,  coa t  an d car) . 

In the second task for each of the experiments, subjects were asked to compare the 
set s o f  th e elicite d categorie s an d feature s t o thos e o f  th e superordlnat e categorie s 
(e.g. ,  "Ar e al l  thing s tha t  ar e wor n type s o f  clothing? "  an d "Ar e al l  type s o f  clothin g 
thing s tha t  ar e worn?") .  I f  the y gav e a  "no "  response ,  the y wer e aske d t o lis t  th e 
exception s (e.g. ,  thing s tha t  ar e wor n tha t  ar e no t  clothing) . 

Results. In Experiment 1, the most typical instances elicited the superordlnate 
categorie s mor e ofte n tha n th e leas t  typica l  instance s did ,  bot h a s dominan t  (mos t 
frequentl y listed )  categories ,  t̂ (6 )  =  4.39 ,  £  .01 ,  an d i n term s o f  an y listin g o f  thes e 
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categories for the instances, _t(6) = 3.25, £ .02. Of the other categories listed for 
th e instances ,  2  type s wer e identifie d i n Tas k 2 ,  1 )  "Contrasting "  categorie s tha t 
have overlappin g membership s wit h th e superordinates ,  an d 2 )  "Subset "  categorie s tha t 
ar e subsume d withi n th e superordinates .  Comparin g th e mos t  frequentl y liste d categorie s 
i n Tas k 1  (excludin g th e superordinates) ,  mos t  typica l  instance s elicite d a 
proposrtionall y greate r  numbe r  o f  Subse t  categories ,  an d leas t  typica l  instance s 
elicite d a  greate r  nvnnbe r  o f  Contrastin g categories ,  X  (1 )  =  6.19 ,  p  .02 . 

In Experiment 2, the features given as defining the membership of most and least 
typica l  instance s i n Tas k 1  wer e identifie d i n Tas k 2  a s eithe r  Obligator y (e.g. ,  "Ar e 
al l  type s o f  clothin g worn? "  receivin g "yes "  responses) ,  Permissibl e (e.g. , 
"Ar e al l  type s o f  clothin g use d t o kee p warm? "  receivin g "no "  responses) ,  o r 
Impermissibl e (feature s give n a s definin g membershi p i n contrastin g categorie s tha t  wer e 
not  give n a s definin g i n th e superordinate) .  Fo r  eac h o f  th e superordinate s i n Tas k 1 , 
Obligator y feature s wer e th e mos t  frequentl y receive d feature s definin g membershi p 
acros s mos t  an d leas t  typica l  instances ,  an d fo r  th e most-leas t  typica l  instanc e pairs . 
No differenc e wa s foun d betwee n mos t  an d leas t  typica l  instance s i n th e frequenc y wit h 
whic h the y elicite d th e Obligator y features ,  jt(6 )  =  .22 ,  n.s. .  O n th e othe r  hand ,  mos t 
typica l  instance s elicite d Permissibl e feature s a s definin g thei r  membershi p mor e ofte n 
tha n leas t  typica l  instance s did ,  t̂ (6 )  =  3.99 ,  £  .01 .  A s well ,  mos t  typica l  instance s 
elicite d mor e Permissibl e feature s (o f  th e superordinates )  a s definin g thei r  membershi p 
i n th e Contrastin g categorie s the y belon g to ,  whil e leas t  typica l  instance s elicite d 
proportionall y mor e Impermissibl e feature s (o f  th e superordinates )  a s definin g thei r 
membershi p i n th e Contrastin g categories ,  X ^ d )  =  5.21 ,  p  .05 . 

In Experiment 3, the categories and features most frequently received as responses 
fo r  wha t  i s th e sam e an d differen t  abou t  instance s corresponde d t o th e least-upper-boun d 
leve l  o f  categorizatio n instance s share d membershi p i n (i.e. .  subsets ,  superordinates , 
or  highe r  feature s encompassin g 2  o r  mor e superordinates) ,  X^(l )  =  20.OA ,  £  .001 .  Fo r 
"wha t  i s th e same "  abou t  th e instanc e pairs ,  th e least-upper-boun d categorie s th e 
instance s share d membershi p i n (o r  th e feature s correspondin g t o thes e categories )  wer e 
elicite d (e.g. ,  glove s an d coa t  elicite d "yo u wea r  t o kee p warm" ,  an d jacket s an d pant s 
elicite d "Clothing "  an d "the y ar e worn") .  Fo r  "wha t  i s different "  abou t  th e instanc e 
pairs ,  feature s an d categorie s o f  th e leve l  immediatel y belo w th e least-upper-boun d 
categor y wer e receive d (e.g. ,  tw o subse t  distinction s fo r  instance s tha t  shar e membershi p 
i n a  superordinate ,  bu t  no t  i n a  subset ,  suc h a s jacket s an d pant s elicitin g "on e i s wor n 
on th e uppe r  bod y an d th e othe r  i s wor n lower") .  Tw o mor e taxonomi c level s wer e 
identifie d i n thi s experimen t  a s well .  On e wa s a  leve l  abov e th e superordinate s generall y 
correspondin g t o "Functiona l  Artifacts "  (e.g. ,  i n response s suc h a s "Man-made "  an d "Use d 
by People "  receive d fo r  wha t  i s th e sam e abou t  instance s belongin g t o differen t 
superordinates ,  suc h a s shir t  an d bus) .  Th e othe r  wa s a  leve l  belo w th e subsets ,  an d wa s 
foun d i n response s t o wha t  i s differen t  abou t  tw o instance s o f  th e sam e subse t  (e.g. , 
fo r  th e subse t  Seat s unde r  Furniture ,  th e instance s sof a an d chai r  receive d "man y peopl e 
si t  o n on e an d onl y on e perso n sit s o n th e other") . 

In Experiment 3, evidence was also found for shifts in (delimiting or extending) 
th e sens e o f  a  featur e accordin g t o th e compariso n bein g made .  A  significan t  proportio n 
of  instanc e pair s wer e foun d t o elici t  th e definin g feature s bot h fo r  wha t  i s th e sam e 
abou t  the m an d fo r  wha t  i s differen t  abou t  the m (e.g. ,  receivin g "the y ar e worn "  fo r 
what  i s th e sam e abou t  coa t  an d purse ,  an d receivin g "on e i s wor n an d th e othe r  hold s 
items "  fo r  wha t  i s differen t  abou t  thi s pair) ,  x2(l )  =  A.O ,  p  .05 .  I n eac h o f  thes e cases , 
th e les s typica l  instanc e wa s exclude d whe n th e contras t  o f  wha t  i s differen t  wa s made . 

Conclusions. This research shows that people use a system of cross-classification 
and multipl e taxonomi c level s o f  categorizatio n i n thei r  representatio n an d retrieva l  o f 
objec t  information .  Evidenc e wa s als o foun d fo r  thi s organizatio n o f  natura l  categor y 
informatio n bein g base d o n th e us e o f  deonti c features .  Obligator y feature s (o f  th e 
superordinates i  wer e mos t  frequentl y receive d a s definin g th e membershi p o f  instances . 
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They were also taken to be common to all members of these categories and were the most 
frequentl y elicite d feature s whe n comparin g superordinat e member s tha t  di d no t  shar e a 
common subset .  Th e Permissibl e feature s wer e foun d t o correspon d t o subset s withi n th e 
superordinates ,  an d a s wel l  wer e use d t o defin e th e membershi p o f  instance s withi n th e 
superordinates .  Th e Impermissibl e feature s o n th e othe r  han d wer e no t  use d t o defin e 

membershi p i n th e superordinates ,  bu t  wer e use d t o defin e membershi p i n contrastin g 
categorie s an d distinguis h wh y leas t  typica l  instance s ar e differen t  fro m mos t  typica l 
instances . 

This system of categorization and the use of deontic features may well explain 
"famil y resemblance "  structurin g (Rosr. h an d Mervis ,  1975) .  Th e greate r  "famil y resemblance " 
of  mos t  typica l  instance s t o othe r  member s o f  a  categor y ma y com e fro m th e greate r  numbe r 
of  Permissibl e feature s whic h defin e thei r  membershi p (thes e feature s bein g use d t o defin e 
thei r  membershi p i n contrastin g categorie s a s wel l ) ,  an d th e greate r  numbe r  o f  Subse t 
categorie s the y belon g to .  Leas t  typica l  instance s ma y bea r  les s resemblanc e t o othe r 
members becaus e 1 )  thei r  membershi p i s define d primaril y b y Obligator y features ,  2 )  the y 
ar e member s o f  mor e contrastin g categories ,  an d 3 )  thei r  membershi p i n thes e contrastin g 
categorie s i s define d b y Impermissibl e features . 

In contrast to Rosch and Mervis's (1975) "family resemblance" model. Obligatory 
feature s ar e take n t o b e common t o al l  members ,  an d t o defin e th e membershi p o f  instances . 
Thes e feature s ar e no t  necessar y feature s however ,  a s the y ca n b e sai d t o b e applicabl e 
and no t  applicabl e t o a n instance ,  dependin g o n th e sens e the y ar e take n in .  A s foun d 
here ,  thi s us e o f  Obligator y feature s i s mos t  eviden t  i n thei r  applicatio n t o leas t 
typica l  instances .  A s McCloske y an d Glucksber g (1978 )  found ,  suc h boundar y case s ar e fa r 
more subjec t  t o change s i n opinio n an d difference s i n opinio n i n th e determinatio n o f 
thei r  membership .  Obligator y feature s ca n therefor e b e use d t o define/determin e membershi p 
of  a  borderlin e instance ,  whe n extende d t o a  mor e genera l  sense .  The y ca n als o b e use d t o 
exclud e a n instanc e whe n categor y contrast s ar e bein g made ,  an d a  mor e delimite d sens e 
of  th e featur e i s used . 

As to how this extending and delimiting of senses is done can be seen in the 
followin g examples .  Wher e a n Obligator y featur e (suc h a s "Use d t o Build "  fo r  Tools )  ca n 
be take n t o b e applicabl e t o al l  instance s o f  a  categor y i n it s mor e genera l  sense ,  i t 
may als o b e use d i n a  "delimited "  sens e (e.g. ,  a s synonymou s t o "Puttin g (Joining )  Thing s 
Together" ,  whic h denote s a  subse t  wit h siblin g relation s t o "Takin g Thing s Apart" ,  "Makin g 
Holes" ,  etc.) .  Th e delimite d sense s o f  Obligator y feature s ma y therefor e b e constructe d 
throug h reference s t o Permissibl e feature s an d subset s (e.g. ,  "Puttin g Thing s Together") . 
The mor e genera l  sense s woul d com e fro m combinin g th e Permissibl e feature ,  subse t 
definition s (e.g. ,  "Puttin g Thing s Together "  an d "Takin g Thing s Apart" ,  etc.) .  Or ,  a n 
Obligator y featur e ma y b e use d i n a n "extended "  sense ,  th e oute r  limit s o f  extensio n bein g 
metapho r  (e.g. ,  wit h a n Obligator y featur e fo r  Vehicles ,  "Get s yo u fro m on e plac e t o 
another "  bein g extende d t o books) . 

Applications for Computer Knowledge Bases. This model has strong advantages for the 
programmin g o f  natura l  categor y informatio n i n compute r  knowledg e bases .  Th e presen t 
model  indicate s mean s fo r  constructin g a  clearl y define d structur e o f  knowledg e 
representatio n withi n whic h eac h piec e o f  informatio n ha s a  specifi c  locatio n an d ca n b e 
accesse d accordin g t o it' s  location .  Well-structured ,  taxonomi c inheritanc e i s possibl e 
give n th e specificatio n o f  cross-classification s an d taxonomi c level s o f  informatio n 
(fou r  genera l  level s havin g bee n initiall y  determine d i n th e presen t  researc h fo r  simpl e 
objec t  names) .  A t  th e sam e time ,  typicalit y gradient s o f  membershi p an d "fuzzy "  categor y 
boundarie s ca n b e handle d withou t  havin g t o refe r  t o prototype-relate d defaul t  values . 

This power is dependent upon the deontic nature of the featural definitions, rather 
tha n categorie s bein g "wel l  defined" .  Tha t  is ,  th e deonti c feature s ar e generi c norm s 
whic h ar e no t  invalidate d b y individua l  cases ,  an d fo r  whic h th e sense s ca n b e shifted . 
Thi s shiftin g o f  sense s thoug h i s base d upo n th e systemati c extendin g an d delimitin g o f 
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instance sets. The means for this extension and delimitation was seen in the "Used to 
Build "  exampl e give n earlier . 

What does appear to be necessary to make this system of taxonomic structuring and 
inheritanc e work ,  i s  th e abilit y  t o establis h th e differen t  categor y set s an d sense s 

throug h th e us e o f  immediat e "contexts" .  Thi s us e o f  "context "  ca n b e see n i n th e 
finding s reporte d her e (Experimen t  3 )  o n th e accessin g o f  specifi c  taxonomi c level s an d 
th e delimitin g o f  senses ,  base d o n th e object s bein g compare d an d th e typ e o f  compariso n 
(same o r  different )  bein g made .  Thi s i s simila r  t o Artificia l  Intelligenc e wor k bein g 
done o n interactiv e system s (e.g .  Grosz's ,  1981 ,  "globa l  focus "  an d Sidner's ,  1983 , 
"immediat e loca l  focus") .  Thes e processe s are ,  o f  course ,  dependen t  o n discourse .  Thi s 
appear s t o b e th e strengt h o f  deonti c feature s however ,  tha t  is ,  tha t  the y ca n b e 
interprette d (an d re-interpretted )  durin g th e negotiatio n o f  meanings .  A t  th e sam e time , 
th e "interpretibility "  o f  thes e feature s nee d no t  undermin e th e well-structure d 
characteristic s o f  thi s representatio n system .  A s wit h th e "Use d t o Build "  exampl e give n 
earlier ,  delimitin g th e sens e o f  thi s featur e t o "Puttin g Thing s Together "  i s don e b y 
referencin g a n already-specifie d subset .  A n importan t  characteristi c o f  thi s mode l  is , 
therefore ,  tha t  meaning s an d shift s i n sense s ca n b e establishe d throug h referenc e t o 
quantifie d instanc e sets . 

The details of programming this system of representation do still need to be worked 
out .  Fo r  example ,  i n usin g th e taxonomi c inheritanc e structur e o f  th e knowledg e 
representatio n languag e KL-ONE ,  wha t  i s tru e o f  a  concep t  mus t  b e tru e o f  al l  it s 
decendents .  Therefore ,  ho w a  shif t  i n th e sens e o f  a n Obligator y featur e suc h a s "Worn " 
woul d effec t  th e sens e o f  a  Permissibl e featur e decenden t  suc h a s "Wor n b y Women"  stil l 
need s t o b e attende d to .  I t  i s  fel t  thoug h tha t  th e presen t  mode l  doe s hol d promis e fo r 
th e programmin g o f  compute r  knowledg e bases . 

Finally, it should be noted that the "interpretable" nature of deontic features may 
be base d upo n a  "functional "  characte r  o f  thes e features .  Approximatel y thre e quarter s o f 
th e feature s elicite d i n th e researc h reporte d her e wer e eithe r  "functional "  feature s 
(e.g. ,  "Used" ,  "Use d t o Build "  an d "Hold s Things" )  o r  ha d functiona l  component s (e.g. , 
th e featur e "Use d i n Houses "  havin g a  functiona l  componen t  an d a  locationa l  component , 
"I n Houses") .  A s take n here ,  "functional "  i s  broadl y define d a s th e function s o r  purpos e 
of  a n object ,  a n actio n performe d wit h it ,  o r  a n actio n o f  a n objec t  independen t  o f  a n 
agent .  Thi s broa d definitio n o f  "functiona l  features "  coul d als o b e applie d t o natura l 
kind s (e.g. ,  "plant s grow" )  an d t o abstrac t  concept s (a s see n i n th e extension s t o 
metaphorica l  sense s mentione d earlier) ,  thoug h furthe r  researc h i s necessar y t o determin e 
how thes e feature s ar e use d wit h thes e type s o f  concepts .  A s well ,  a  numbe r  o f  othe r  type s 
of  feature s ha d functiona l  correlates .  Fo r  example ,  th e (structural )  featur e "Blade "  an d 
th e (physical )  featur e "Sharp "  hav e th e (functional )  correlat e "Use d t o Cut" .  Thi s us e 
of  functiona l  informatio n i s i n lin e wit h Mille r  an d Johnson-Laird' s (1976 )  proposa l  tha t 
functiona l  "schemata "  ca n b e use d t o translat e perceptua l  feature s int o functiona l 
conditions .  Thi s characte r  o f  functiona l  feature s i s relevan t  t o th e interpretiblit y  o f 
feature s i n contex t  (Miller ,  1976 )  an d extension s t o les s typica l  instances .  Fo r  example , 
a tre e stum p ma y b e include d a s a  Tabl e (o r  a  "Thin g t o Pu t  Thing s On" )  i n th e contex t 
of  a  "picnic" . 
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