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Introductio n 

One productive and influential approach to 
cognitio n maintain s tha t  categorization ,  objec t 

recognition ,  an d higher-leve l  cognitiv e processe s 

operat e o n th e outpu t  o f  lower-leve l  perceptua l 

processing .  Tha t  is ,  ou r  perceptua l  system s 

provid e u s wit h a  se t  o f  fixe d features .  Thes e 

feature s ar e th e input s t o higher-leve l  cognitiv e 

processes . 

Recently ,  researcher s i n psychology , 

compute r  science ,  an d philosoph y hav e 

questione d thi s unidirectiona l  approach ,  arguin g 

tha t  i n man y situations ,  th e high-leve l  cognitiv e 

proces s bein g execute d ha s a n influenc e o n th e 

lowCT-leve l  feature s tha t  ar e created .  Fo r 

example ,  i n additio n t o categorizatio n bein g 

base d o n featura l  description s o f  objects ,  i t  migh t 

als o b e th e cas e tha t  th e categorizatio n proces s 

partiall y  create s th e featura l  description s tha t  ar e 

used .  Rathe r  tha n viewin g th e "vocabulary "  o f 

primitive s t o b e fixe d b y low-leve l  processes , 

thi s vie w maintain s tha t  th e vocabular y i s 

dependen t  o n th e higher-leve l  proces s tha t  use s 

th e vocabulary .  Thi s symposiu m wil l  investigat e 

severa i  issue s relate d t o bidirectiona l  interaction s 

betwee n high-leve l  an d low-leve l  cognitiv e 

processes .  First ,  severa l  foundationa l  issue s wil l 

b e considered .  W h a t  woul d i t  mea n fo r  a 

system' s perceptua l  vocabular y t o b e changed ? 

H o w ar e variou s conception s o f  perceptua l 

chang e related ? W h a t  experimenta l  result s 

woul d coun t  a s evidenc e fo r  particula r  type s o f 

pox^eptua l  change ? 

S y m p o s i u m participant s wil l  als o 

describ e ne w researc h o n question s relate d t o 

thes e broa d issues .  Ca n high-leve l  cognitiv e 

processe s (includin g categorization ,  objec t 

recognition ,  reasoning ,  comparison-making )  eve r 

caus e a  ne w vocabular y o f  feature s t o emerge ? I f 

so ,  i s  th e influenc e o f  th e high-leve l  proces s 

genuinel y csicfiplual ? I f  ne w vocabularie s o f 

feature s ca n b e created ,  wha t  constraint s ar e 

ther e o n th e creatio n o f  ne w features ? W h a t 

computationa l  mechan ism s underli e th e 

interaction s (o r  lac k o f  interactions )  betwee n 

differen t  level s o f  cognitiv e processing ? 
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Computational models of cognition can often be 

though t  o f  a s consistin g o f  representation -

proces s pairs .  An d i t  seem s almos t  axiomati c 

tha t  on e need s t o determin e o r  "fix " 

representation s i f  thi s enterpris e i s t o succeed . 

Indee d cognitiv e scientist s ar e ofte n quit e skille d 

at  creatin g situation s wher e conjecture s abou t 

representation s receiv e suppor t  an d attentio n ca n 

focu s o n processin g principles .  Recen t  research , 

however ,  undermine s thi s strateg y bot h wit h 

respec t  t o generalizabilit y an d wit h respec t  t o 

modelin g huma n cognition .  Th e tal k review s 

evidenc e fro m th e area s o f  similarit y 

comparison ,  decisio n making ,  an d categorizatio n 

illustratin g th e pervasivenes s o f  constructiv e 

processe s i n highe r  leve l  cognition .  A s on e 

example ,  Medin ,  Goldstone ,  an d Centne r  (1993 ) 

sho w tha t  th e representatio n o f  som e objec t  o r 

entit y i s  i n par t  determine d b y wha t  i t  i s 

compare d with .  Relate d wor k b y Wisniewsk i 

an d Medi n (i n press )  suggest s tha t  featur e 
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interpretatio n i s  guide d b y domai n theories . 

Observation s suc h a s thes e challeng e th e shar p 

separatio n betwee n structur e an d process . 

Constructiv e processe s ar e systematic ,  principle d 

and the y provid e importan t  constraint s fo r 

computationa l  models . 
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Models of concepts generally assume that 
concept s ar e represente d i n memor y i n term s o f 

component s (features )  tha t  ar e part s o f  a  cod e 

use d t o describ e them .  A n obviou s questio n i s 

why peopl e selec t  certai n feature s t o encod e 

thing s o r  t o describ e the m an d no t  others ? D o 

the y for m a n independen t  se t  tha t  exist s prio r  t o 

experienc e wit h th e categorie s o r  ar e the y buil t 

durin g ou r  interaction s wit h objects ? 

Author s generall y describ e concep t 

acquisitio n i n term s o f  features ,  bu t  i f  the y 

postulat e tha t  som e feature s ar e absen t  i n 

children' s concq)t s the y hav e t o explai n ho w d o 

childre n kno w wha t  ar e th e relevan t  feature s fo r 

th e categorie s the y hav e t o learn . 

W h en a  subjec t  ha s t o segmen t  a n entit y 

int o relevan t  attributes ,  h e ca n us e differen t 

source s o f  information :  lo w leve l  data ,  th e 

structur e o f  th e entity ,  th e structur e o f  th e othe r 

entitie s i n th e category ,  an d theorie s an d 

expectation s abou t  th e categor y (Wisniewsk i  & 

Medin ,  i n press) . 

We compare d th e segmentation s 

obtaine d fo r  a  stimulu s presente d i n differen t 

context s wher e differen t  source s o f  informatio n 

wer e available .  Th e structur e o f  th e categor y wa s 

suppose d t o provid e informatio n tha t  woul d hel p 

subject s An d a  coheren t  segmentatio n o f  th e 

categor y tha t  wa s differen t  fro m th e on e obtaine d 

i n a  neutra l  conditio n ( a targe t  stimulu s presrate d 

alone) .  Th e hypothesi s w e addres s i s  tha t 

stimulu s variation s (i.e. .  th e fac t  tha t  differen t 

members o f  a  categor y ar e no t  exactl y th e same ; 

i n particular ,  eac h occurrenc e o f  on e potentia l 

featur e ca n var y from  on e stimulu s t o th e other ) 

provid e informatio n tha t  subject s ca n us e t o 

identif y attribute s o f  a  stimulu s tha t  ca n diffe r 

from  th e one s obtaine d whe n a  stimulu s i s 

presente d alone .  Th e rol e o f  expectation s abou t 

an ite m o r  a  categor y wa s considere d b y 

providin g ( w not )  a  them e ( a categor y name) . 

Result s indicat e tha t  th e rol e o f  th e them e 

interacte d wit h th e contex t  o f  presentatio n o f 

stimuli :  th e segmentatio n o f  a n entit y presente d 

i n a  categor y wa s les s affecte d b y th e them e tha n 

th e on e obtaine d fo r  a  stimulu s presente d alone . 

Developmenta l  aspect s o f  segmentatio n 

wer e considere d b y comparin g th e precedin g 

dat a wit h dat a obtaine d wit h childre n age d 4; 0 t o 

6;0 .  Result s see m t o indicat e tha t  childre n selec t 

more globa l  feature s an d provid e les s coheren t 

segmentations .  I n th e categor y condition , 

segmentation s obtaine d di d no t  diffe r  whe n a 

them e wa s provided .  Children' s result s ar e 

interprete d i n term s o f  analyti c skill s an d 

knowledg e abou t  th e world . 

Computational Approaches to 

Functiona l  Featur e Lea rn in g 

Mike Mozer 
Compute r  Scienc e 

Universit y o f  Colorado ,  Boulde r 
Boulder ,  C O .  80309-043 0 
mozer@cs.colorado.ed u 

In this talk, I discuss computational issues in the 

learnin g o f  ne w feature s o f  representation ,  a s 

wel l  a s connectionis t  mechanism s tha t  integrat e 

featur e discovo y an d othe r  aspect s o f  cognition . 

An activ e are a o f  connectionis t  researc h 

involve s th e investigatio n o f  unsupervise d 

learnin g algorithm s tha t  discovo *  regularitie s i n 

thei r  environmen t  Stimul i  i n th e environmen t 

ar e represente d b y activit y patton s ove r  a  se t  o f 

primitiv e inpu t  features :  thes e inpu t  feature s ar e 

transforme d int o a n alternativ e featur e encodin g 

i n whic h regularitie s ar e mad e explicit .  Mos t 

unsupervise d algorithm s attemp t  t o achiev e a 

compac t  encodin g whil e preservin g a s muc h 
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informatio n a s possibl e abou t  th e stimuli . 

Example s o f  unsupervise d learnin g algorithm s 

includ e principl e component s analysi s an d it s 

variation s (Cottrell ,  Munro ,  &  Zipser .  1987 ; 

Sanger ,  1989) ,  competitiv e learnin g (Grossberg . 

1976 ;  Rumelhar t  &  Zipser ,  1985) ,  an d min imu m 

descriptio n lengt h an d informatio n theoretica l 

approache s (Becke r  &  Hinton ,  1992 ;  Hinto n & 

Zemel .  1994) . 

Underlyin g th e unsupervise d learnin g 

approac h i s a n assumptio n tha t  informatio n 

processin g ca n b e divide d int o tw o stages :  a n 

earl y unsupervise d stag e tha t  construct s a 

representatio n o f  th e environment ,  an d a  late r 

stag e tha t  use s thi s representatio n fo r 

categorization ,  objec t  recognition ,  an d higher -

cognitiv e processes .  Th e conjectur e motivatin g 

thi s approac h i s tha t  unsupervise d learnin g ca n 

produc e featura l  encoding s tha t  ar e i n som e 

sens e mor e usefu l  fo r  perceptua l  an d cognitiv e 

processe s tha n th e raw ,  inpu t  featur e 

representation .  O n e ca n alway s hop e fo r  this ,  bu t 

becaus e th e featur e extractio n stag e operate s 

withou t  regar d t o th e late r  processes ,  th e utilit y 

of  th e representation s i t  produce s i s fa r  fro m 

assured . 

A n alternativ e t o unsupervise d featur e 

discover y i s functiona l  featur e learning ,  i n whic h 

th e goa l  i s  t o produc e feature s tha t  hav e 

functiona l  utilit y  i n subsequen t  perceptua l  an d 

cognitiv e processing .  Suc h a  goa l  require s tha t 

th e featur e learnin g b e influence d b y th e natur e 

of  th e subsequen t  processing .  I n a  connectionis t 

framework ,  ther e i s a  straightforwar d wa y t o 

achiev e this .  Conside r  th e featur e extractio n 

stag e a s a  feedforwar d neura l  networ k tha t  map s 

th e inpu t  featur e representatio n t o a  se t  o f 

functiona l  features ,  an d th e subsequen t 

processin g a s anothe r  neura l  ne t  tha t  map s th e 

functiona l  feature s to ,  e.g. ,  classe s i n a 

categorizatio n task .  Th e tw o stage s ca n b e 

traine d simultaneousl y usin g a  supervise d 

learnin g procedur e i n whic h a  teache r  provide s a 

targe t  output ,  base d o n thi s targe t  a n erro r  signa l 

i s generated ,  an d bac k propagatio n i s applie d t o 

adjus t  th e weight s i n bot h stages . 

Thi s framewor k raise s a  concern : 

Becaus e eac h stag e i s a  feedforwar d 

multilayere d neura l  net ,  ther e i s n o qualitativ e 

distinctio n betwee n th e tw o stages .  Thus ,  th e 

boundar y betwee n featur e extractio n an d 

subsequen t  processin g i s ill-deflned .  Unles s on e 

makes additiona l  claim s abou t  th e natur e o f 

featur e extractio n o r  subsequen t  processing ,  th e 

approac h remain s ambiguous . 

I n ou r  work ,  w e hav e mad e a  fairl y 

stron g claim :  Categorizatio n an d othe r  cognitiv e 

processe s ca n b e adequatel y an d appropriatel y 

characterize d b y simple ,  direct ,  rule -  o r 

example-base d procedure s o f  specifi c  forms .  B y 

imposin g stron g constraint s o n th e for m an d 

complexit y o f  th e cognitiv e processing ,  w e 

delineat e th e jo b o f  th e featur e extractio n stage . 

We illustrat e wit h tw o examples : 

Fedric k an d Moze r  (1994 )  hav e 

propose d a  neura l  ne t  categorizatio n mode l 

whos e featur e extractio n stag e remap s a  hig h 

dimensiona l  inpu t  featur e space  int o a  lowe r 

dimensiona l  "psychological "  space ,  an d the n 

classifie s th e inpu t  base d o n th e psychologica l 

representation .  Th e featur e extracto r  i s a 

standar d feedforwar d neura l  net ,  whic h feed s 

int o Kruschke' s (1992 )  A L C O V E ,  a 

categorizatio n model .  W e sho w tha t 

computationally ,  thi s sor t  o f  architectur e ca n 

produc e bette r  learnin g an d generalizatio n 

performanc e tha n A L C O V E alon e o r  a 

multilayere d feedforwar d neura l  networ k alone . 

McMillan ,  Mozer ,  &  Smolensk y (1991 ) 

hav e studie d a  neura l  ne t  model ,  calle d RuleNet , 

tha t  learn s simpl e string-to-strin g mappin g rules . 

RuleNe t  consist s o f  tw o components :  a  featur e 

extracto r  an d a  se t  o f  simpl e condition-actio n 

rule s ~  implemente d i n a  neura l  ne t  -  tha t 

operat e o n th e extracte d features .  Base d o n a 

trainin g se t  o f  input-outpu t  examples ,  RuleNe t 

perform s bette r  tha n a  standar d neura l  ne t 

architectur e i n whic h th e processin g i s 

completel y unconstrained . 

By usin g a  neura l  ne t  paradig m fo r 

modelin g th e highe r  cognitiv e processin g a s 

wel l  a s th e featur e extractio n stage ,  w e hav e 

achieve d a  principled ,  unifie d learnin g 

procedur e fo r  th e entir e system ,  an d a  concret e 

notio n o f  h o w n e w functiona l  feature s ar e 

learne d i n th e contex t  o f  cognition . 
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Most computer models of analogy-
makin g pu t  int o correspondenc e th e 
(representation s of )  object s an d thei r  associate d 

relation s i n on e situatio n wit h th e object s an d 

thei r  associate d relation s i n mothe r  situation .  I n 

thi s tal k I  wil l  argu e fo r  extendin g thi s 

methodolog y t o integrat e representation-buildin g 

i n th e proces s o f  correspondence-disovery .  I 

hop e t o sho w tha t  representation-buildin g canno t 

be isolated ,  eve n i n principle ,  fro m othe r 

cognitiv e processes ,  an d i n particular ,  fro m 

finding  correspondence s betwee n tw o differen t 

situation s [Chalmers ,  French ,  &  Hofstadter , 

1992] .  I n othe r  words ,  traditiona l  artificial -

intelligenc e model s o f  cognitiv e processe s tha t 

suppos e th e existenc e o f  a  "representatio n 

module "  tha t  provid e ready-mad e a  prior i 

representation s canno t  b e defended . 

Representation s ar e highl y task-dependen t  an d 

no on e representatio n o f  an y objec t  o r  situatio n i s 

appropriat e fo r  al l  tasks .  Al l  to o often ,  onc e th e 

appropriat e representation s fo r  a  particula r 

proble m hav e bee n supplie d ahea d o f  time ,  th e 

solutio n t o th e proble m fall s ou t  withou t  grea t 

difficulty . 

T h e compute r  model s o f  analogy -

makin g [Frenc h &  Hofstadter ,  1991 ;  Mitchell , 

1993 ]  tha t  I  wil l  discus s interweav e th e tw o 

fundamenta l  processe s o f  representation-buildin g 

and correspondence-discovery .  Thi s i s achieve d 

i n a  uniqu e manne r  tha t  relie s o n a  continua l 

stochasti c interactio n betwee n th e top-dow n 

pressure s o f  a n associativ e concep t  networ k an d 

th e bottom-u p effect s o f  a  hos t  o f  low-leve l 

"perceptua l  agents. " 

A Func t iona l  A p p r o a c h t o F e a t u r e 

L e a r n i n g 

Philippe Schyns 

P s y c h o l o g y 

Universi t y o f  M o n t r e a l 

s c h y n s @ a i . m i t . e d u 

A complete theory of object representation not 

onl y concern s th e wa y peopl e combin e feature s 

int o objec t  concepts ,  bu t  i t  als o concern s th e 

proble m o f  h o w thes e feature s coul d b e arrive d 

at ,  startin g fro m perceptua l  data .  Mos t  theorie s 

of  categorizatio n assum e a  featura l  analysi s o f 

th e inpu t  befor e categorizatio n ca n start .  Unti l 

recently ,  th e feature s participatin g i n th e analysi s 

wer e assume d t o for m a  fixed  set- a se t  existin g 

befor e experienc e wit h objec t  categories . 

Recen t  studie s o n th e interaction s 

betwee n perceptio n an d categorizatio n hav e 

show n tha t  highe r  cognitiv e processe s influenc e 

featur e extractio n an d othe r  perceptua l  processe s 

(e.g. ,  Goldstone ,  i n press ;  Schyn s &  Murphy ,  i n 

press ;  Wisniewsk i  &  Medin ,  1991) .  Fo r 

example ,  whe n distinguishin g betwee n tw o 

categories ,  peopl e migh t  notic e ne w differences ; 

difference s requirin g n e w feature s fo r  thei r 

categorization .  Thi s typ e o f  learnin g probabl y 

occur s whe n peopl e interpre t  X-rays ,  determin e 

th e se x o f  chicken s o r  categoriz e pre-Cambria n 

organisms ,  bu t  i t  coul d als o illuminat e th e wa y 

childre n o r  simpl e mechanism s lear n th e feature s 

tha t  categoriz e everyda y objects . 

I  wil l  discus s a  functiona l  theor y o f 

feature s suggestin g tha t  th e interpla y o f 

categorica l  an d perceptua l  structure s m a y 

accoun t  fo r  th e learnin g o f  a  flexibl e vocabular y 

of  objec t  concepts .  Th e functionalit y principl e 

summarize s thi s vie w (Schyn s &  Murphy ,  i n 

press) :  I f  a  fragmen t  o f  a  stimulu s categorize s 

object s (distinguishe s m e m b e r s f ro m 

nonmembers )  th e fragmen t  i s instantiate d a s a 

featur e i n th e vocabular y o f  objec t  concepts . 

The functionalit y principl e suggest s tha t 

categorica l  structure s influence s th e featur e 

extractio n stage .  Th e categorie s peopl e k n o w se t 

specifi c  contrast s an d similaritie s fo r  th e 

encodin g o f  a  ne w categor y wit h ne w features . 

But  categorica l  structure s ar e no t  th e onl y sourc e 
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of  constraint s fo r  featur e extraction .  Whic h 

feature s ar e extracte d t o represen t  a  ne w 

categorica l  differenc e als o depend s o n 

perceptua l  structure s (no t  al l  categorica l 

similaritieVdifference s ar e equivalend y salient. ) 

I  wil l  presen t  experiment s testin g 

implication s o f  th e functionalit y principl e fo r 

featur e extractio n an d fo r  th e constructio n o f 

simpl e conceptua l  hierarchies . 
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