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A b s t r a c t 

Many theories of conceptual organization assume the 

existenc e o f  som e for m o f  menta l  similarit y metri c 

(Medi n an d Schaffer ,  1978 ;  Hintzma n an d Ludlum , 

1980 ;  Nosofsky ,  1988 ;  Shepard ,  1987 ;  Kruschke ,  1992 , 

among others. )  I n th e domai n o f  categorization ,  suc h 

theorie s hav e bee n calle d "similarity-based "  (Murph y 
and Medin ,  1985) .  Criticis m o f  similarity-base d the -

orie s ha s le d t o a  cal l  fo r  "theory-based "  model s o f 

categorizatio n (Murph y an d Medin ,  1985 ;  Rips ,  1989 ; 

Barsalou ,  1991 ;  Medin ,  1989) .  Theory-base d view s 
remai n somewha t  vague ,  however .  I n thi s pape r  I 
outlin e a  schema-base d theor y o f  conceptua l  organi -

zation .  Th e mode l  depend s o n th e notio n o f  a  men -

ta l  similarit y metri c bu t  make s us e o f  connectionis t 

learnin g principle s t o develo p a  conceptua l  organiza -
tio n tha t  solve s a  proble m face d b y purel y similarity -
base d model s o f  categorization .  I  discus s th e rela -
tionshi p o f  thi s theor y t o similarity-base d an d theory -

base d accounts . 

C o n c e p t u a l  organizatio n a n d 

categorie s 

Psychologists study categorization to understand 
mor e tha n jus t  whic h object s o r  event s shar e a  com -
m on name ,  o r  eve n ho w peopl e decid e whethe r  per -

ceptibl y differen t  object s ar e o f  th e sam e type .  Th e 

ai m o f  studyin g categorizatio n i s t o understan d th e 

natur e o f  concepts .  Behin d thi s approac h t o study -

in g concept s lie s th e intuitio n tha t  concept s ar e th e 

atom s o f  conceptua l  organization ,  categorie s ar e th e 

atom s o f  categorization ,  an d conceptua l  organizatio n 

depend s upo n representin g th e relation s amon g per -
ceive d o r  conceive d object s i n jus t  th e wa y tha t  cat -

egorizatio n depend s upo n representin g th e relation s 

among classifie d entities .  I n short ,  whe n psycholo -

gist s spea k abou t  categorizatio n the y ai m t o eluci -

dat e conceptua l  organization .  Fo r  thi s reason ,  the -

orie s o f  categorizatio n ofte n underli e explanation s o f 

a rang e o f  behavior s fa r  broade r  tha n mer e classifi -

cation .  Behavior s suc h a s generalization ,  prediction , 

communication ,  learning ,  an d inference . 

In adopting this broad notion of categorization as a 

ubiquitou s bu t  singula r  menta l  facult y underlyin g a 

grea t  rang e o f  behaviors ,  m a n y theorie s o f  concep -

tua l  organizatio n m a k e a  taci t  assumptio n tha t  cat -

egorizatio n ha s a  unitar y character .  I n othe r  words , 
whethe r  concept s ar e sai d t o depen d upo n proto -

type s o r  exemplars ,  independen t  features ,  o r  relation s 

among properties ,  theories ,  o r  region s i n similarit y 

space ,  the y ar e though t  t o depen d o n the m alway s 

an d everywher e i n mor e o r  les s th e sam e way . 

While maintaining a belief in the unitary character of 

categorization ,  psychologist s hav e sough t  t o includ e 
an eve r  widenin g rang e o f  dat a i n th e explanator y 

scop e o f  theorie s abou t  categorization .  A t  firs t  theo -
rie s suc h a s tha t  o f  Kat z an d Fodo r  (Kat z an d Fodor , 

1963 ;  Katz ,  1972 )  wer e propose d t o describ e th e rela -

tionshi p o f  word s t o concepts .  Ther e wa s a  distinctl y 

philosophica l  characte r  t o thes e view s whic h Smit h 

and Medi n (1981 )  hav e calle d "th e classica l  view" . 
Later ,  largel y a s a  resul t  o f  th e wor k o f  Rosc h an d 
her  collaborator s (e.g .  Rosc h an d Mervis ,  1975) ,  the -

orie s o f  categorizatio n qu a conceptua l  organizatio n 
wer e calle d upo n t o explai n th e grade d structur e o f 
subjects '  decision s abou t  clas s membership .  Thes e 
an d othe r  dat a le d t o a  clas s o f  model s tha t  Murph y 

and Medi n (1985 )  hav e terme d "similarity-based" .  I n 

additio n t o analyzin g similarity-base d theories .  Mur -

ph y an d Medi n aske d whethe r  existin g theorie s o f  cat -

egorizatio n coul d accoun t  fo r  othe r  importan t  prop -

ertie s o f  conceptua l  organization .  The y reasone d tha t 
suc h theorie s woul d hav e troubl e accountin g fo r  dat a 

concernin g prediction ,  inference ,  an d generalizatio n 

when thos e behavior s depen d upo n high-leve l  knowl -

edge .  The y hav e calle d fo r  a  ne w vie w o f  concep -

tua l  organizatio n base d upo n knowledg e abou t  th e 
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relationship s a m o n g th e feature s o f  object s an d th e 

causa l  an d functiona l  propertie s relatin g member s o f 

a class . 

In this paper I will outline a model of conceptual or-

ganization .  Thi s mode l  depend s upo n m a n y o f  th e 

same theoretica l  construct s a s traditiona l  similarity -

base d models .  I  wil l  argu e tha t  i t  ca n accoun t  never -

theles s fo r  dat a tha t  hav e bee n difficul t  t o explai n o n 

a purel y similarity-base d view . 

totyp e an d exemplar-base d theorie s i s  nothin g mor e 

tha n a n argumen t  ove r  certai n possibl e restriction s 

on a  similarity-base d theor y o f  categorization ,  ther e 

ar e problem s tha t  thes e similarity-base d model s al l 

share . 

A P r o b l e m w i t h similarity -

base d categorizatio n 

Similarity-base d categorizatio n 

Broadly speaking, similarity-based theories of con-

cep t  formatio n assum e tha t  menta l  categorie s ar e 

forme d throug h experienc e wit h th e world ,  an d reflec t 

it s  structure .  W h e n w e encounte r  a n objec t  o r  event , 

we registe r  som e informatio n abou t  i t  i n term s o f  fea -

tures .  Thi s informatio n i s the n use d t o construc t  a 
stabl e representatio n o f  a  concept ,  o r  t o modif y som e 

existin g concept .  I n eithe r  case ,  assimilatio n provide s 

late r  acces s t o informatio n abou t  a n object' s prop -

ertie s (see n an d unseen) ,  an d it' s  relatio n t o othe r 

object s w e hav e encountered .  T h e wa y i n whic h w e 
assimilat e eac h ne w objec t  o r  even t  depend s upo n it s 

similarit y t o concept s w e alread y possess .  O n e wa y t o 

imagin e thi s proces s i s t o vie w similarit y a s a  kin d o f 

internall y represente d space ,  Euclidea n o r  otherwise . 

T h e feature s o f  object s ar e dimension s i n thi s spac e 

an d th e close r  tw o object s ar e i n similarity-space , 

th e mor e simila r  the y are .  I n a  similarity-base d the -

ory ,  thi s featura l  distanc e determine s th e likelihoo d 

of  membershi p i n a  c o m m o n class .  Becaus e feature s 

constitut e th e dimension s o f  similarity-space ,  probar -

bilit y o f  c o m m o n class-membershi p i s a  functio n o f 

c o m m on an d distinctiv e features . 

It is clear that such a general representation of the in-

formatio n tha t  ca n b e derive d fro m a n encounte r  wit h 
an objec t  woul d b e extremel y usefu l  fo r  classifyin g o r 

learnin g abou t  objects ,  fo r  generalizin g fro m experi -

enc e t o predic t  clas s membershi p o r  unsee n proper -

tie s o f  ne w objects ,  o r  simpl y fo r  rememberin g an d 

organizin g perceive d objects . 

A number of influential theories make use of these 

centra l  assumption s (Rosc h an d Mervis ,  1975 ;  Posne r 

an d Keele ,  1968 ;  Medi n an d Schaffer ,  1978 ;  Hintzma n 

an d Ludlum ,  1980 ;  Sattat h an d Tversky ,  1987 ;  Nosof -

sky ,  1988 ;  Shepard ,  1987 ;  Anderson ,  1991 ;  Kruschke , 

1992 )  an d muc h o f  th e wor k o n thes e theorie s ha s 

involve d th e attemp t  t o tes t  thei r  competin g predic -

tions .  Unfortunately ,  eve n i f  th e debat e betwee n pro -

W hy i s featura l  similarit y a  problemati c basi s fo r  con -

ceptua l  organization ? Becaus e knowledg e abou t  th e 

detaile d character ,  causes ,  an d consequence s o f  fea -

ture s a s wel l  relation s a m o n g feature s giv e peopl e 

a ric h variet y o f  explanator y an d predictiv e knowl -

edg e o n whic h t o bas e thei r  categorizatio n judg -

ments .  Similarit y base d view s o f  categorizatio n sim -

pl y leav e ou t  thi s knowledge .  Therefor e suc h theorie s 

canno t  b e adequat e account s o f  conceptua l  organiza ^ 

tio n (Rips ,  1989 ;  Medi n an d Murphy ,  1985 ;  Barsalou , 

1991 ;  Medin ,  1989) .  Thes e consideration s hav e le d 

t o theory-base d model s o f  categorization .  Accordin g 

t o suc h views ,  ou r  menta l  categorie s (i n othe r  word s 
our  concepts )  ar e forme d i n accordance  wit h a  larg e 

amount  o f  prio r  knowledg e abou t  th e regularitie s i n 

th e worl d an d th e plausibl e structur e o f  experience . 

Th e behavior s tha t  suc h theorie s tak e a s centra l  i n 

a theor y o f  categorizatio n ar e quit e broad ,  includ -

in g no t  onl y predictio n an d generalization ,  bu t  als o 

inductiv e reasoning ,  an d variou s judgment s suc h a s 

typicalit y an d likelihoo d o f  membershi p i n a  class . 

Th e majo r  criticis m tha t  emerge s fro m suc h a  vie w 

i s tha t  similarit y i s  a n insufficien t  basi s fo r  concep -

tua l  organizatio n becaus e i t  i s  to o flexible  t o accoun t 

fo r  th e highl y constraine d wa y tha t  worl d knowl -
edg e ca n sugges t  structur e i n ou r  experienc e an d be -

caus e i t  fail s  t o predic t  som e fact s abou t  th e relation -

ship s amon g ou r  subjectiv e judgment s abou t  typical -

ity ,  perceive d similarity ,  an d likelihoo d o f  member -

shi p i n a  category . 

S c h e m a - b a s e d categorizatio n 

The challenge from proponents of theory-based views 

i s t o accoun t  fo r  judgment s abou t  categor y member -

ship ,  typicality ,  generalization ,  inference ,  an d predic -

tio n whe n thos e behavior s depen d o n knowledg e tha t 

goes beyon d mer e similarity .  I f  i t  i s  tru e tha t  a  singu -

la r  syste m o f  conceptua l  organizatio n underlie s thes e 

divers e behaviors ,  wha t  ar e it s operativ e principles ? 

Whil e I  d o no t  hop e t o provid e a  complet e answer . 
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I  wil l  t o outlin e a  mode l  tha t  trie s t o incorporat e 

some additiona l  knowledg e abou t  feature s an d thei r 

functiona l  an d causa l  relation s int o conceptua l  orga -

nization . 

C a t e g o r i e s i n t h e serv ic e o f  l ikel ihoo d 

e s t i m a t i o n 

Several theorists have argued that categories exist in 

orde r  organiz e knowledg e s o a s t o allo w th e bes t  pos -

sibl e inferenc e o r  predictio n o f  unobserve d feature s 

fro m thos e observe d (Rx>sc h an d Mervis ,  1975 ;  Medi n 

and Murphy ,  1985 ;  Bobick ,  1987 ;  Anderson ,  1991 ; 
among others. )  Takin g thi s ide a a t  fac e value ,  w e 

migh t  suppos e tha t  th e jo b o f  categorizatio n i s t o us e 

experienc e wit h a  se t  o f  object s o r  events ,  eac h repre -

sente d b y a  vecto r  o f  feature s (x) ,  t o fin d a n optima l 

model  (wit h parameter s w )  fo r  constructin g th e in -

terna l  representatio n ( a vecto r  t )  o f  th e importan t 

feature s o f  th e objec t  o r  event ,  x . 

What are the important features of x? I believe that 
th e answe r  lie s i n th e domai n o f  evolutionar y psy -

chology .  I t  i s  throug h adaptatio n tha t  som e feature s 

come t o b e importan t  an d other s negligible .  Sinc e a n 
accoun t  o f  th e adaptiv e significanc e o f  object s an d 
event s i s outsid e th e scop e o f  thi s project ,  I  wil l  sim -

pl y assum e tha t  al l  th e experience d feature s i n th e 
vecto r  X  ar e important .  A s a  result ,  th e goa l  o f  th e 
model  wil l  b e veridica l  representation .  Thi s i s a  sim -

plificatio n bu t  a  usefu l  one .  Nevertheless ,  imposin g 

relativ e importanc e o n feature s m a y b e on e o f  th e pri -

mar y way s o f  representin g high-leve l  knowledg e an d 
i t  wil l  b e discusse d furthe r  i n sectio n 5 . 

What is the optimeil model for constructing the in-
terna l  representation ,  t ? I t  i s  th e on e tha t  maximize s 

P{ t  I  xiiw) ,  whil e a t  th e sam e tim e finding a  se t  o f 

conceptua l  categorie s (Ci...Cm )  suc h that : 

M 
VarEP(a|x )  =  l ] (1 ) 

t= i 

I n othe r  words ,  w e wan t  t o find  categorie s tha t  in -
clud e al l  experience d object s o r  event s an d a t  th e 

same tim e allo w th e bes t  possibl e predictio n o f  th e 

feature s o f  thos e object s o r  events .  Usin g (1 )  w e ca n 

write : 

M 

P{ t  \  x k w )  =  J 2 P { t \  C ihxkw)P {C i  I  x k w )  (2 ) 
1=1 

On the left side of (2) is the quantity we wish to 

maximize .  W e hav e rewritte n i t  usin g ou r  exhaustiv e 

categor y scheme ,  thu s combinin g th e tw o constraint s 

we hop e t o satisfy .  Th e gam e no w i s t o expres s th e 

tw o probabilitie s o n th e righ t  sid e o f  (2 )  i n suc h a  wa y 

tha t  w e ca n comput e the m fro m informatio n availabl e 

throug h experience . 

Taking P{t \ dkxkw) first, we must consider the 

natur e o f  th e feature s o f  x .  Fo r  th e sak e o f  simplic -

ity ,  le t  u s conside r  the m conditionall y independen t 

binar y feature s denotin g th e presenc e o r  absenc e o f  a 

possibl e attribut e o f  x. ^  I n tha t  case ,  w e expec t  th e 

feature s o f  t  t o b e distribute d binomiall y s o w e ca n 

write : 

N 
P{ t  I  C i k x k w )  =  n  fij''i l  -  f a ) l-r . 

(3 ) 

Where th e N  i s th e numbe r  o f  feature s i n th e inpu t 

(o r  th e outpu t  o r  target ;  al l  ar e th e same) ,  an d fi j 

i s  th e estimate d probabilit y  o f  seein g attribut e X j  i n 

categor y C,- ,  prio r  t o encounterin g th e curren t  objec t 

or  event .  Th e /j/ s  depen d o n th e mode l  w .  H o w th e 

model  estimate s thes e quantitie s wil l  b e describe d i n 

th e nex t  section . 

It remains to calculate the other part of (2), i.e. 
P{C i  I  x k w ) .  Usin g Bayes '  rule ,  w e ca n write : 

P{C i  I  x k w )  = 
P{ x I  Ci)P{Ci ) 

(4 ) 

T o comput e thi s probability ,  w e mus t  find  a n ex -
pressio n fo r  P{C i  I  x k w ) .  N o w ,  a s befor e w e mus t 
make a n assumptio n abou t  th e natur e o f  object s an d 

events .  I n thi s cas e w e mus t  decid e h o w the y ar e 
distribute d withi n categories .  Agai n fo r  simplicity , 

le t  u s imagin e tha t  categorie s for m conve x region s i n 

similarit y space. ^  I n tha t  cas e w e m a y conside r  eac h 
categor y t o b e describe d b y a  multivariat e gaussia n 

distribution : 

P{ x  \Ci )  =  K e 
('7-"..) ' 

(5 ) 

Th e prior s P{Ci) ,  lik e th e fij' s  mus t  b e foun d b y 

estimatin g th e parameter s o f  th e mode l  throug h a n 
iterativ e learnin g procedure . 

*  Strictl y  speaking ,  thi s i s  unlikel y t o b e tru e o f  conceptuzi l 
organization .  I n m y thesi s (Martin ,  1993 )  I  discus s way s o f 
relaxin g thi s assumption . 

^Thi s issue ,  lik e th e binomia l  £kssumption ,  i s discusse d i n 
Marti n (1993 ) 
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P(tlx&w ) 

hidde n unit s 

Inpu t  Vecto r  X  (feature s o f  objec t  o r  event ) 

Figur e 1 :  T h e architectur e o f  th e model .  Rect -

angle s containin g circle s indicat e vector s o f 

units ,  thi n furrow s indicat e link s wit h a  fixed 

weigh t  o f  1 ,  an d thic k arrow s indicat e a  pat -
ter n o f  adjustabl y weighte d link s i n whic h th e 

tw o connecte d structure s ar e full y  connected . 

T h e square s i n figure 1  denot e a  structur e tha t 

i s  show n i n ful l  i n figure  2 .  T h e uni t  labele d 

E compute s a  sum ,  thos e labele d 1 1 comput e 
a product .  T h e relevanc e laye r  actuall y con -

tain s tw o layer s o f  unit s wit h fixed  weight s 

tha t  comput e P(C .  |  x&u. )  =  ^ ^ ^ i ^ ^ ; [ , ^ ^ 

A connectionis t  a p p r o a c h t o learnin g 

categorie s 

Rumelhart, Durbin, Chauvin, and Golden have dis-

cusse d a n interpretatio n o f  connectionis t  network s a s 

max imu m likelihoo d estimators .  I n orde r  t o develo p 

a mode l  tha t  learn s iterativel y fro m experienc e wit h 

a serie s o f  object s an d events ,  1  hav e use d a n archi -

tectur e tha t  incorporate s severa l  type s o f  unit s an d 

a learnin g rul e tha t  embod y Bayesia n principles .  A 

more extensiv e analysi s o f  thes e type s o f  unit s ca n b e 

foun d i n Rumelhar t  e t  al .  (I n Preparation) . 

The model assumes that objects and events can be 

represente d b y vector s o f  binary ,  conditionall y inde -

penden t  features .  Thes e feature s serv e a s th e inpu t 

t o a  grou p o f  auto-associator s (AA's) ,  denote d b y 

square s i n figures  1  an d 2 .  th e outpu t  o f  thes e AA' s 

i s a  singl e activatio n valu e compute d fro m th e out -

put  vecto r  b y th e uni t  t o whic h the y lea d (se e fig.  2. ) 

O O O - O 

Figur e 2 :  A n explode d vie w o f  a  squar e fro m 
th e previou s figure.  Eac h squar e act s a s a n 
auto-associato r  o f  th e input ,  connecte d t o a 
singl e "binomial "  unit ,  b ,  whos e activatio n i s 

give n b y njli/.;''(!-/.;) ' a-x , 

Tha t  uni t  (ther e i s on e fo r  eac h A A )  compute s th e 

multivariat e binomia l  likelihoo d o f  th e featur e vec -

to r  (f )  o f  a  particula r  A A usin g th e rul e describe d 

i n equatio n (3) .  Accordingl y I  cal l  i t  a  binomia l 

unit .  T h e activatio n o f  a  binomia l  uni t  i s  nothin g 

but  P{ t  I  C i k x k w ) . 

The input also feeds into a hidden layer and thence to 

a laye r  o f  unit s whos e activatio n i s compute d accord -

in g t o equation s (4 )  an d (5) ,  wit h th e /"(C^' s initiall y 
equa l  an d iterativel y adjusted .  Thes e unit s comput e 

P{C i  I  xicw) .  I  cal l  the m relevauic e unit s ( a nam e 

suggeste d b y Davi d Rumelhart )  becaus e the y com -

put e th e relevanc e o f  a  give n categor y t o th e interna l 

representatio n o f  a n inpu t  vector. '  Th e nex t  laye r  o f 

unit s take s a  produc t  o f  th e relevanc e unit s an d th e 
binomia l  units .  Tha t  produc t  i s  jus t  th e produc t  i n 

equatio n (2) .  Finally ,  th e ultimat e outpu t  uni t  o f  th e 
networ k take s a  s u m o f  thos e product s an d compute s 

Pi t  I  x k w ) . 

Simply put, this network exactly instantiates the 

Bayesia n analysi s describe d i n th e previou s section . 

I n orde r  t o iterativel y trai n th e mode l  i t  i s  necessar y 

onl y t o maximiz e th e probabilit y  o f  th e interna l  rep -
resentation ,  give n th e inpu t  an d th e parameter s o f 

th e model .  A s a  result ,  th e erro r  signa l  fo r  trainin g i s 

simpl y th e lo g o f  th e outpu t  v«du e o f  th e final  uni t  i n 

th e network .  A s th e outpu t  approache s 1 ,  th e erro r 

approache s zero .  Th e erro r  signa l  i s  backpropagate d 

jus t  a s i n an y backpropagatio n model ,  a s describe d 

i n Rumelhar t  e t  al .  (1986) . 

' I  believ e thes e unit s ar e simila r  t o th e "gatin g units "  de -
scribe d i n JMobs ,  Jordan ,  Nowlan ,  an d Hinto n (1991) .  Thei r 
rol e i n th e networ k i s certeiinl y th e same . 
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Formalizin g th e notio n o f  a  s c h e m a 

I have called this model "schema-based" because it 

provide s a  forma l  accoun t  o f  a  numbe r  o f  charac -

teristic s o f  schemata. *  Elsewher e (Martin ,  1993) ,  I 

have discusse d th e historica l  developmen t  o f  th e ter m 

"schema "  an d identifie d eigh t  critica l  propertie s o f 

schemata .  I  hav e argue d tha t  eac h o f  thes e proper -

tie s ca n b e describe d i n term s o f  th e connectionis t 

model  I  hav e outlined . 

In the model, each conceptual category may be 

though t  o f  a s a  schema .  Thi s mean s tha t  eac h auto -

associato r  i n th e networ k i s a  schema .  Eac h schem a 

assimilate s th e inpu t  vecto r  throug h a n informationa l 

bottlenec k (create d b y it s particula r  hidde n layer. ) 

Each schem a doe s thi s differentl y becaus e th e pro -

cess o f  learnin g cause s a  kin d o f  specializatio n i n th e 

network .  Ever y schem a adapt s t o accoun t  fo r  a  par -

ticula r  conceptua l  categor y mor e effectivel y b y dis -

countin g othe r  inputs .  Th e relevanc e unit s provid e 

th e mechanis m fo r  thi s discountin g an d th e limite d 

siz e o f  th e hidde n layer s provide s th e impetus . 

I n c o r p o r a t i n g k n o w l e d g e 

How does this model incorporate knowledge about 
th e worl d tha t  goe s beyon d featura l  similarity ? Con -
side r  a n exampl e devise d b y Lanc e Rip s (Rips ,  1989) . 

Subject s filling  ou t  a  questionnair e repor t  tha t  a  cir -
cula r  objec t  wit h a  diamete r  o f  3  inche s i s mor e likel y 
t o b e a  pizz a tha n a  quarter ,  bu t  subject s rate d th e 

circl e mor e "similar "  t o a  quarter .  Th e reaso n fo r 
thi s  i s intuitivel y clear ;  w e kno w tha t  quarter s sho w 

almos t  n o variatio n i n size ,  eve n whe n ru n ove r  b y 

a train .  A  mode l  o f  categorizatio n tha t  depend s o n 
featura l  similarit y thu s encounter s th e difficult y tha t 

th e overal l  similarit y o f  a  3-inc h circl e t o a  quar -

te r  i s  highe r  tha n t o a  pizz a whil e th e objec t  i s  ex -
tremel y unlikel y t o b e a  quarter .  Thi s apparen t  dis -

sociatio n betwee n likelihoo d o f  categor y membershi p 
and judge d similarit y pose s a  difficult y  fo r  similarity -
base d theories . 

The solution that the schema-based model offers de-
pends o n it s abilit y  t o represen t  concept s separatel y 

fro m a  decisio n abou t  thei r  relevanc e t o a  class -

membershi p decision .  Wha t  ar e subject s reportin g 

*  Th e ide a o f  formalizin g schemat a i n term s o f  Neure d net -
work s wa s firs t  propose d b y Rumelheirt ,  Hinton ,  McClelliind , 
and Smolensk y (1986) .  Whil e my formalizatio n bear s littl e 
resemblzinc e t o thei r  proposal ,  the y firs t  propose d describin g 
schemat a i n term s o f  th e dyneunic s o f  a  network . 

when the y judg e th e similarit y o f  a  3-inc h circl e t o 

a pizz a o r  a  quarter ? The y ar e reportin g th e likeli -

hood o f  seein g thos e feature s a s attribute s o f  a  pizza , 

base d o n thei r  schem a fo r  pizz a an d thei r  backgroun d 

knowledge .  I n othe r  words ,  P{ t  |  pizzakxkw) . 

When aske d abou t  class-membership ,  however ,  the y 

ar e tryin g t o find  th e large r  o f  P{quarte r  \  xk,w ) 

and P{pizz a |  xkw) .  I n th e schema-base d model , 

i t  woul d b e a  simpl e consequenc e o f  havin g encoun -

tere d onl y on e siz e fo r  quarter s tha t  P{quarte r  \ 

xk.w )  <  P{pizz a \  xIlw) ,  whe n x  include s th e fea -

tur e "3-inche s around" .  Nevertheless ,  sinc e 3-inche s 

i s mor e lik e th e circumferenc e o f  a  quarte r  tha n a 

pizza ,  P{ t  I  quarte r  le x k.w )  >  P( t  \  pizzalcxhw) . 

In short, the schema-based model can account for 

ceise s i n whic h ther e i s a  discrepanc y betwee n featu -

ra l  similarit y an d probabilit y  o f  co-clasification .  Thi s 

i s becaus e th e spac e i n whic h classe s ar e bounde d 

region s i s no t  featura l  similarit y space ,  bu t  a  trans -
formatio n o f  th e input-featura l  spac e tha t  i s devel -

oped ove r  experienc e an d reflect s th e distributiona l 

propertie s o f  al l  pas t  experience ,  no t  simpl y th e cen -

tra l  tendenc y o f  a  singl e category .  Nevertheless ,  th e 

binomia l  unit s i n th e mode l  comput e a  measur e o f 
category-specifi c  featura l  similarity .  I n thi s sens e th e 

model  i s ver y muc h similarity-based . 

Because the schema based model transforms the in-
put  feature s throug h a  connectionis t  hidde n layer ,  i t 

i s  possibl e t o represen t  informatio n abou t  th e rela -
tionship s amon g feature s a s wel l  a s representin g com -

ple x informatio n abou t  th e distributio n o f  featura l 

values .  Thes e highe r  orde r  unit s ar e sensitiv e t o in -
tercorrelationa l  propertie s o f  th e inpu t  features .  A s 
I  hav e discusse d elsewher e (Martin ,  1993) ,  thi s al -
low s fo r  conceptua l  organizatio n tha t  depend s upo n 

correlationa l  propertie s o f  features .  Murph y an d 

Medi n (1985 )  hav e stresse d tha t  suc h correlation s ar e 

a prim e motivatio n fo r  theory-base d models . 

Another way in which the model might represent 
knowledg e abou t  th e relationship s amon g feature s 

woul d b e throug h th e us e o f  informatio n abou t  th e 
importanc e o f  feature s bot h withi n an d betwee n cat -
egories .  Suc h informatio n migh t  b e incorporate d int o 

th e mode l  b y changin g th e mappin g compute d b y th e 

schemat a fro m a n auto-associativ e mappin g t o som e 
adaptivel y develope d mapping .  Thi s woul d hav e th e 

consequenc e o f  changin g th e spac e i n whic h featura l 

similarit y i s  computed .  I f  on e coul d find  th e righ t  ex -

pressio n t o replac e th e multvariat e binomia l  rul e tha t 

enforce s veridica l  representation ,  almos t  an y for m o f 

featura l  contingenc y coul d b e represented .  I n thi s 

way i t  migh t  b e possibl e t o formaliz e ver y compli -
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cate d notion s o f  theory-base d conceptua l  organiza -

tion . 
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