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Abst rac t 

The aim of this paper is to introduce a simple 
connectionis t  mode l  fo r  th e acquisitio n o f  wor d 

meaning ,  an d t o demonstrat e h o w thi s mode l 
can b e enhance d base d o n empirica l  observa -
tion s abou t  languag e learnin g i n children .  Th e 

mai n source s ar e observation s b y M a r k m a n 

(1989 ,  1990 )  abou t  constraint s childre n plac e o n 
wor d meaning ,  an d Nelso n (1988) ,  a s wel l  a s 

Benell i  (1988) ,  abou t  th e rol e o f  languag e i n th e 

acquisitio n o f  concep t  taxonomies .  Th e mode l 
enhancement s base d o n thes e observations ,  an d 

thos e authors '  conclusions ,  ar e mainl y buil t  o n 
well-know n neura l  mechanism s suc h a s reso -
nance ,  rese t  an d recruitment ,  a s firs t  introduce d 

i n th e adaptiv e resonanc e theor y ( A R T )  model s 
by Grossber g (1976) .  Thi s wa y th e strengt h o f 

connectionis t  model s i n plausibl y modelin g de -

taile d aspect s o f  natura l  languag e i s underlined . 

A Simple Model of Word Meaning 

The connectionist model introduced in Dorffner 
(i n press )  i s  designe d t o demonstrat e th e abilitie s 
of  a  self-organizin g syste m t o acquir e th e mean -

in g o f  simpl e words .  Virtuall y n o knowledg e 
abou t  th e worl d i s include d a  priori ,  mainl y gen -

era l  pre-wire d architecture .  I t  concentrate s o n 
some importan t  basi c aspect s whil e (necessarily ) 
leavin g ou t  man y details .  Th e cor e idea s o f  th e 

origina l  mode l  ar e th e following . 

-  Word s ar e primaril y symbol s i n thei r  referen -

tia l  sens e (see ,  fo r  instance ,  Dorffne r  1992b) . 

Learnin g th e meanin g o f  word s i n a  firs t  ap -
proac h therefor e mean s learnin g t o identif y 
symbol s an d thei r  function . 

^  Th e Austria n Researc h Institut e fo r  Artificia l 
Intelligenc e i s supporte d b y th e Austria n 
Federa l  Ministr y o f  Scienc e an d Researc h 

-  A  basi c tas k fo r  ever y cognitiv e agen t  i s  t o 

categoriz e environmenta l  situation s base d o n 

ric h sensor y stimul i  an d thu s for m concept s 

"abou t  th e world" . 

-  Word s a s symbol s i n thei r  simples t  for m refe r 

t o concepts .  A s a  result ,  interpretin g a  symbo l 

means buildin g a n interna l  lin k t o on e o f  th e 

concept s i n th e abov e sense . 

-  Concept s ar e menta l  state s clearl y separabl e 
fro m othe r  states .  A s suc h the y ar e independ -
ent  fro m eac h other ,  bu t  ca n gro w associativ e 

link s s o a s t o establis h relation s a m o n g eac h 
other .  A s a  result ,  an y conceptua l  structur e 
suc h a s hierarchies ,  usuall y attribute d t o con -

ceptua l  schemata ,  i s  no t  reflecte d i n th e mode l 

architectur e beforehand .  I t  i s  viewe d a s bein g 
eithe r  "i n th e ey e o f  th e observer "  o f  th e 

model ,  o r  a t  bes t  localizabl e afte r  learnin g a s 

associativ e trace s betwee n conceptua l  states . 

I n summary ,  meanin g become s define d wit h re -

spec t  t o th e subjectiv e experience s o f  th e indi -
vidua l  agent ,  leadin g t o a  constructivis t  cor e the -

or y o f  wor d semantics .  Accordin g t o thes e ideas , 

th e mode l  consist s o f  tw o sensor y inputs ,  tw o 
component s fo r  concep t  formatio n base d o n 
categorization ,  an d a  se t  o f  layer s fo r  buildin g 

th e referentia l  link s (Fig .  1) .  Fo r  th e sak e o f 
simplicit y th e tw o part s o f  th e mode l  (includin g 

th e tw o differen t  inputs )  ar e kep t  separate—on e 
bein g use d fo r  perceivin g an d clearl y identifyin g 

th e word s (o r  so-calle d externa l  embodiment s o f 
th e symbols) ,  th e othe r  fo r  formin g concept s 

abou t  th e perceive d environmen t  othe r  tha n th e 

element s o f  language .  I n th e implementation , 
primitiv e acousti c inpu t  (stationar y speec h sig -

nals )  wa s use d fo r  th e former ,  simpl e visua l  inpu t 
fo r  th e latter .  I n essence,  bot h part s wor k th e 
same way .  Recognizin g word s i s don e b y catego -

rizin g acousti c stimuli ,  th e sam e wa y formin g 
concept s i s  don e b y categorizin g visua l  stimuli . 
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Fig. 1: The outline of the model 

although for the latter internal activations can 

als o hav e a  majo r  influence . 

Concept Formation 

T h e componen t  fo r  concep t  formatio n consist s 

of  a  poo l  o f  so-calle d C-layers ,  whic h ar e con -

necte d t o othe r  C-layer s an d t o th e inpu t  vi a ful l 

associativ e feed-forwar d connections .  Thos e 

connection s ar e adapte d wit h a  "soft "  competi -
tiv e learnin g mechanis m (Dorffne r  1992a )  tha t 

graduall y compresse s initiall y  distribute d pat -

terns .  Throug h learnin g i t  develop s state s w e cal l 
conceptua l  o r  identifiabl e states .  I n th e imple -

mentatio n the y ar e basicall y define d a s state s 

wher e th e winne r  o f  a  C-laye r  i s considerabl y 

large r  tha n th e averag e o f  th e others .  Fo r  this , 

th e interactiv e activatio n rul e (McClellan d & 

Rumelhart ,  1981 )  an d negativ e weight s betwee n 

competin g units ,  whic h ar e als o adapte d b y th e 

learnin g rule ,  ar e used . 

I t  shoul d b e note d tha t  concep t  formatio n 

base d on ,  fo r  instance ,  visua l  inpu t  woul d hav e 

t o incorporat e th e grea t  complexitie s o f  an y 

natura l  visua l  syste m i f  i t  wante d t o remai n plau -

sibl e i n al l  respect s a s compare d t o humans .  Fo r 

th e aspect s thi s mode l  i s focuse d o n suc h com -

plexitie s woul d g o fa r  beyon d th e availabl e com -

putationa l  resources .  Therefor e i t  i s  assume d 

tha t  th e pattern s i n th e inpu t  ar e th e resul t  o f 

preprocessin g mechanisms ,  suc h a s featur e de -

tector s o r  othe r  transformations .  Categorizatio n 
as discoverin g invariant s i n stimul i  classe s start s 

afte r  thi s preprocessin g ha s happened .  I t  i s  as -

sumed tha t  appropriat e preprocessin g ca n alway s 

transfor m rea l  sensor y stimul i  int o pattern s show -

in g similarit y structure s tha t  ca n b e processe d b y 

neura l  network s o f  th e introduce d kind . 

Activatio n spread s t o an d withi n a  poo l  o f  C -

layer s i n tw o phases .  First ,  an y activatio n patter n 

originatin g outsid e th e laye r  poo l  ca n activat e 

pattern s i n th e C-layers ,  plu s th e C-layer s ca n 

cross-activat e eac h other ,  al l  dependin g o n th e 

weigh t  matrice s shape d throug h learning .  Sec -

ondly ,  competitio n set s in ,  bot h withi n layer s an d 

betwee n layers .  B y introducin g suc h a n intercon -

necte d poo l  o f  C-layer s th e mode l  i s abl e t o de -

velo p mor e tha n on e conceptua l  stat e give n on e 

sensor y stimulus .  Example s woul d b e concept s 

o n differen t  taxonomi c levels .  Furthermore , 

conceptua l  state s develo p eithe r  cleanl y bottom -

u p (base d o n sensor y inpu t  alone) ,  o r  influence d 

by an y othe r  conceptua l  stat e t o an y degree . 

Competitio n i n th e secon d phas e o f  a  cycl e en -

sure s tha t  alway s on e (o r  a t  best ,  a  few )  concep -

tua l  stat e remain s active .  T h e underlyin g as -

sumptio n i s tha t  a  cognitiv e agen t  a t  on e poin t  i n 

tim e ca n onl y concentrat e o n on e conceptua l 

perspective .  Fo r  instance ,  a  do g i s eithe r  see n a s 

a poodle ,  a  pet ,  o r  a n animal ,  bu t  hardl y a s al l 

thre e a t  th e sam e time .  I t  is ,  however ,  unclea r  a s 

t o whic h mechanis m shoul d selec t  th e mos t  ap -

propriat e concep t  t o wi n i n competition—on e 

drawbac k tha t  ha s lea d t o th e extension s de -

scribe d below . 

A n additona l  par t  o f  concep t  formatio n base d 

o n sensor y inpu t  i s a n automati c focu s o f  atten -

tion—i n thi s cas e a  windo w whos e siz e an d loca -

tio n ar e adaptive .  I t  ca n automaticall y b e cen -

tere d o n an y par t  o f  th e origina l  inpu t  i n orde r  t o 

cu t  ou t  (o r  enhance )  thi s part .  Thi s windo w i s 

the n use d a s th e inpu t  t o th e C-layers .  B y chang -

in g th e size ,  th e syste m ca n focu s o n part s o f  a n 

object ,  buildin g conceptua l  state s base d o n 

those .  Again ,  i t  i s  rathe r  unclea r  whe n an d ho w 

a shif t  o f  windo w positio n an d siz e shoul d b e 
triggered . 

Referential Links 

For the implementation of referential links be-

twee n identifiabl e states ,  a  laye r  o f  specialize d 

units—calle d SY-layer—mt h a  winner-take-al l 

( W T A)  characteristic s wa s introduced .  Thi s 
laye r  learn s t o identif y co-occurin g concept s an d 

lin k the m vi a a  lin k unit .  Learnin g o f  symboli c 

referenc e ca n b e divide d int o th e followin g 

phases .  I n th e fuzz y phas e n o lin k uni t  ha s 

learne d t o respon d t o a n identifiabl e stat e (clea r 

concept) .  I n th e identificatio n phas e tw o identi -

fiabl e state s occu r  a t  th e sam e tim e i n differen t 

part s o f  th e model .  T h e winnin g lin k uni t  initi -

ate s W T A an d th e weight s ar e strengthened .  I f 

thi s happen s ofte n enough ,  i n th e recognitio n 

phas e on e identifiabl e stat e i s sufficien t  t o le t  a 

lin k uni t  wi n an d associat e th e correspondin g 
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concept .  A  specia l  valu e o f  tha t  unit—calle d th e 

"symbo l  sutus"—mus t  b e abov e threshol d t o dis -

tinguis h thi s cas e fro m th e fuzz y phase .  Th e link s 

ar e buil t  b y a  specia l  "one-to-on e rule "  tha t  let s 

weight s gro w fo r  co-occurin g identifiabl e state s 

on bot h side s o f  th e SY-layer .  I n othe r  words , 

label s (words )  ar e onl y linke d t o concept s tha t 
consistentl y occu r  a t  th e sam e time ,  neithe r  les s 

nor  mor e often . 

The importan t  propertie s o f  referentia l  link s 

implemente d thi s wa y ar e a s follows .  First ,  no t 

jus t  an y stimulu s ca n b e linke d t o a  concept ,  i t 
has t o b e clearl y identifie d first .  Thi s mean s tha t 

referentia l  link s ar e buil t  relativel y late ,  i.e .  afte r 

a considerabl e numbe r  o f  concept s hav e bee n 

learned .  Thi s correspond s t o observation s o n 

earl y chil d languag e (e.g .  Aitchiso n 1987) , 

wher e consisten t  name s fo r  objec t  classe s ar e 

learne d wel l  afte r  sound s ar e recognize d an d re -

produced .  Secondly ,  throug h W T A i t  i s ensure d 

tha t  similarit y structure s o n on e sid e o f  th e 

model  d o no t  ma p ont o similarit y structure s o n 
th e othe r  one .  Thi s correspond s t o th e arbitrari -

ness o f  symbol s b y whic h thei r  for m i s no t  re -
late d t o thei r  meanin g (see ,  e.g. ,  Lyon s 197 6 -
ch.2 ,  Dorffne r  1992b ,  fo r  mor e details) . 

As SY-layer s ar e connecte d t o C-layer s the y 
to o ca n influenc e concep t  formation .  Fo r  this , 
however ,  tw o mod i  operand i  o f  referentia l  link s 

have t o b e distinguished .  Th e modu s describe d 
abov e presuppose s equa l  treatmen t  o f  th e tw o 

model  parts .  Pu t  differently ,  word s (labels )  ar e 

identifie d a t  th e sam e tim e concept s are , 

whereafte r  th e tw o ge t  linked .  Thi s i s plausibl e 
fo r  th e acquisitio n o f  th e ver y firs t  words ,  whe n 

neithe r  th e words ,  no r  thei r  potentia l  referentia l 
power  ar e known .  Later ,  however ,  word s ar e 
identifie d a s referrin g t o somethin g eve n i f  n o 

concep t  i s activate d a t  th e sam e time .  Words ,  i n 
orde r  t o influenc e concep t  formation ,  shoul d 

thu s b e permitte d t o gro w referentia l  link s fro m 
th e labe l  sid e onl y ("directe d link") .  Therefore , 
th e mode l  ca n b e switche d t o a  mod e wher e 

nove l  lin k unit s ca n b e activate d b y identifiabl e 

state s o n th e acousti c part .  Example s fo r  con -

cept s influence d b y languag e thi s wa y ar e super -

odinate s suc h a s 'furniture '  o r  'vehicle. '  This , 
too ,  lead s u s t o th e mode l  extension s describe d 
i n th e nex t  section . 

Problems with the Simple Approach 

In this model, assigning word meaning becomes 

th e proble m o f  developin g a n appropriat e refer -
entia l  lin k betwee n th e identifiabl e stat e corre -

spondin g t o a n externa l  symbo l  embodimen t 

(i.e .  wor d o r  label )  an d th e concep t  th e symbo l 

shoul d refe r  to .  No t  surprisingly ,  thi s i s no t  a s 

trivia l  a s describe d above .  Word s d o no t  simpl y 

name categorie s o f  object s i n a  uniqu e way . 

Among others ,  complexitie s aris e a s 

-  ther e ar e word s o n differen t  taxonomi c levels , 

suc h a s 'poodle, '  'dog, '  'pet, '  o r  'animal. ' 

Thi s mean s tha t  fo r  on e give n objec t  a  larg e 

set  o f  word s woul d b e applicable ,  dependin g 

on contex t  an d th e inten t  o f  th e reference . 

-  ther e ar e word s fo r  part s o f  objects .  W h e n th e 

objec t  i s  presented ,  it s part s ar e too ,  whic h 

lead s t o th e proble m a s t o whic h o f  thes e th e 
wor d shoul d refe r  to . 

-  ther e ar e word s fo r  overal l  propertie s o f  a n ob -

ject ,  suc h a s siz e o r  color .  Th e sam e problem s 
aris e a s wit h part s o f  a n object . 

The one-to-on e learnin g rul e briefl y describe d 

abov e alread y capture s som e o f  th e complexitie s 
i n tha t  i t  build s consisten t  link s onl y fo r  consis -

ten t  pair s o f  co-occurin g conceptua l  states . 

Words o n a  highe r  taxonomi c leve l  (sa y 'ani -
mal' )  tha n a  give n concep t  (sa y dog )  wil l  no t  de -

velo p suc h a  link ,  a s i t  co-occur s wit h othe r  con -
cept s a s well .  Word s o n a  lowe r  leve r  (sa y 'poo -
dle') ,  o n th e othe r  hand ,  co-occu r  wit h onl y a 

fe w instance s o f  dog .  However ,  suc h a  mecha -
nis m i s no t  sufficient .  Complexitie s lik e th e one s 
describe d canno t  simpl y b e explaine d b y usin g 

mere statistica l  correlations .  A s a  result ,  exten -
sion s t o th e simpl e approac h nee d t o b e made . 
I n th e spiri t  o f  th e introduce d mode l  suc h exten -

sion s shoul d preferabl y no t  requir e to o comple x 
an architectura l  implementation ,  whil e th e mod -
el' s  behavio r  shoul d remai n a t  leas t  psychologi -

call y plausible . 

Constraints Children Place on Word 

M e a n i n g 

One source for the model extensions we have 

chose n ar e proposal s pu t  forwar d b y Markma n 
(1989 ,  1990) .  Markma n ha s observe d tha t  chil -
dre n mus t  fac e ver y simila r  problem s durin g th e 

learnin g o f  wor d meaning s a s th e one s identifie d 
abov e fo r  th e model .  Tim e i s to o shor t  an d th e 

possibl e combination s o f  concept s an d word s ar e 

to o larg e t o le t  statistica l  correlation s decid e 
alon e upo n ho w t o construc t  th e mapping s be -

twee n th e two .  Sh e suggest s tha t  ther e mus t  b e 

some constraint s childre n implicitl y  appl y whe n 
learnin g words ,  an d derive s th e following ,  em -

piricall y supported ,  assumptions . 
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(a )  th e whol e objec t  assumption : 

W h en face d wit h on e o r  mor e objects ,  eac h 

consistin g o f  severa l  parts ,  childre n obviousl y 

assume tha t  " a nove l  labe l  i s  likel y t o refe r  t o 

th e whol e objec t  an d no t  t o it s parts ,  substanc e 

or  othe r  properties "  (Markma n 1990 ,  p.59) . 

(b )  th e taxonomi c assumption : 

"Thi s assumptio n state s tha t  label s refe r  t o ob -

ject s o f  th e sam e kin d rathe r  tha n t o object s 

tha t  ar e thematicall y related "  (Markma n 

1990 ,  p.59) .  I n othe r  words ,  childre n obvi -

ousl y assum e tha t  th e concep t  a  labe l  refer s t o 

i s base d o n categorie s buil t  o n similaritie s an d 

not  o n themati c relations .  Fo r  instance ,  'dog ' 

refer s t o a  clas s o f  object s tha t  loo k an d be -

hav e similarly ,  an d no t  t o a  clas s o f  object s i n 

a cerui n themati c contex t  (e.g .  object s bein g 

pette d b y th e mother) . 

(c )  th e mutua l  exclusivit y assumption : 

Thi s assumptio n state s tha t  usuall y onl y on e 

labe l  ca n b e attache d t o eac h concept .  Thu s i t 

"help s childre n overrid e th e whol e objec t  as -

sumption ,  thereb y enablin g the m t o acquir e 

term s othe r  tha n objec t  labels "  (Markma n 

1990 ,  p.66) .  I n experiment s i t  coul d b e show n 

tha t  childre n face d wit h a n object—fo r  whic h 

the y d o no t  hav e a  wor d yet—an d a  labe l  ten d 

t o tak e thi s labe l  fo r  th e whol e (assumptio n 

(a)) .  Childre n wh o kno w a  wor d alread y ten d 

t o tak e th e ne w wor d a s standin g fo r  a  salien t 

par t  o f  th e objec t  (e.g .  a  receive r  o f  a  tele -
phon e -  se e Markma n 1990) ,  du e t o assump -

tio n (c) . 

Thes e thre e assumption s together ,  amon g othe r 

principles ,  permi t  childre n t o efficientl y lear n th e 

meaning s o f  word s (o r  better ,  nouns) .  A s i t  turn s 
out ,  al l  thre e assumption s ca n b e nicel y trans -

ferre d t o th e connectionis t  mode l  fo r  wor d 

meanin g introduce d earlier . 

Assumptio n (a )  ca n b e introduce d b y assumin g 

tha t  th e mode l  start s wit h a  larg e focu s o f  atten -

tion. 2 I n othe r  words ,  eac h labe l  i s firs t  attache d 

t o concept s correspondin g t o whol e object s 
rathe r  tha n parts .  Assumptio n (b )  ha s alread y 

implicitl y  bee n buil t  int o th e mode l  b y lettin g 

concept s b e base d o n similarities . 
Accordin g t o assumptio n (c) ,  nove l  identifi -

abl e state s correspondin g t o label s shoul d no t  b e 

linke d t o previousl y labele d concepts .  Thi s i s 

reminiscen t  o f  principle s realize d i n adaptiv e 

I n thi s discussio n w e assum e tha t  object s d o 
not  overlap ,  thu s bypassin g th e proble m o f 
ho w t o focu s o n on e objec t  i n a  scene . 

resonanc e theor y (ART )  model s (Grossber g 

1976) .  There ,  i n a  kin d o f  competitiv e learning . 

th e goa l  i s t o preven t  overgeneralizatio n o f  cate -

gorie s t o pattern s tha t  jus t  happe n t o activat e th e 

same winne r  "b y accident. "  I t  i s achieve d b y let -

tin g eac h categor y lear n a  prototyp e an d com -

parin g thi s prototyp e wit h th e curren t  pattern .  I f 

th e tw o pattern s ar e simila r  enoug h ("reso -

nance" )  th e categor y i s  maintained .  I f  the y ar e 

not  ("mismatch" )  th e winne r  i s rese t  an d a  ne w 

uni t  get s a  chanc e o f  becomin g active . 

The sam e mechanis m ca n b e use d t o imple -

ment  th e mutua l  exclusivit y assumption .  Afte r 

training ,  a  conceptua l  stat e ca n activat e th e cor -

respondin g lin k uni t  representin g it s label .  No w 

conside r  th e cas e tha t  i n suc h a  situatio n a  nove l 

lin k i s abou t  t o b e built ,  i.e .  a  nove l  lin k uni t  i s 

activ e togethe r  wit h th e sam e concept .  Thi s situ -

atio n ca n b e detecte d b y lettin g th e concep t  acti -
vat e it s learne d labe l  (lin k unit )  an d comparin g 

th e tw o i n a  kin d o f  resonanc e o r  mismatch .  I n 

fact ,  compariso n simpl y come s dow n t o checkin g 

whethe r  th e tw o lin k unit s ar e identical .  I f  the y 

ar e (resonance) ,  learnin g ca n continue .  I f  the y 
ar e no t  (mismatch )  the n th e concep t  i s supresse d 

(reset) ,  an d anothe r  concep t  ca n b e linked ,  pro -

vide d th e sam e cycl e no w lead s t o resonance . 

I f  n o othe r  conceptua l  stat e ca n b e activate d 

give n th e curren t  situation ,  mismatc h ca n furthe r 

trigge r  a  shif t  i n focus .  Remember  tha t  i t  wa s 

state d earlie r  tha t  principle s hav e t o b e foun d t o 
automaticall y se t  th e siz e an d cente r  o f  th e focu s 

of  attention .  Th e presenc e o f  a  word ,  mismatc h 

and th e absenc e o f  anothe r  concpetua l  stat e ca n 
no w b e introduce d a s on e mechanis m t o trigge r  a 

shift .  I t  ca n eithe r  b e a  positiona l  on e ont o an -

othe r  object ,  o r  on e i n siz e ont o on e o f  th e sali -

ent  part s o f  th e object .  Althoug h thi s ha s orJ y 

partiall y  bee n implemente d (mainl y th e posi -
tiona l  shift) ,  th e technica l  realizatio n o f  th e shif t 

itsel f  appear s straightforward .  I f  th e shif t  i s ont o 

one o f  th e object' s  part ,  th e exac t  sam e behavio r 

can b e realize d i n th e mode l  tha t  wa s roughl y 

observe d wit h children—namel y tha t  th e mode l 

firs t  tend s t o lin k word s wit h whol e objec t  con -
cepts ,  an d later ,  onl y i f  a  labe l  ha s alread y bee n 

attached ,  wit h part s o f  objects . 

The Origins of Taxonomies 

With the inclusion of the three assumptions it is 

stil l  no t  clea r  ho w th e mode l  shoul d dea l  wit h 

sub-  an d superordinat e concept s an d thei r  la -

bels .  The y ar e no t  a  matte r  o f  focus .  I f  concept s 

on severa l  taxonomi c level s wer e activate d whe n 
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presentin g sensor y input ,  i t  woul d stil l  b e a  prob -

le m a s t o whic h lin k shoul d b e built ,  asid e fro m 

what  ca n b e handle d b y th e one-to-on e rul e (se e 

above) .  W e nee d t o loo k a t  furthe r  observations . 

I t  i s  generall y acknowledge d tha t  i n h u m a n 

categorizatio n ther e exist s somethin g calle d a 

'basi c level '  (Rosc h 1978 ,  e t  al.) ,  wher e con -

cept s ar e forme d mos t  naturall y an d easily .  Fo r 

sensory-base d concept s thi s leve l  ca n b e identi -
fie d a s th e on e wher e categorie s ar e foun d 

mainl y du e t o natura l  similarities .  Object s ar e 

named o n th e basi c leve l  (e.g .  'dog '  o r  'cat' ) 

much mor e frequentl y tha n o n an y othe r  taxo -

nomi c leve l  (e.g .  'poodle '  o r  'animal' )  an d chil -

dre n lear n suc h word s m u c h earlie r  tha n other s 

(see ,  e.g. ,  Aitchiso n 1987) .  Furthe r  empirica l 

studie s b y Nelso n (1988 )  an d Benell i  (1988 ) 

sugges t  tha t  fo r  learnin g concept s tha t  ar e no t  o n 

th e basi c level ,  suc h a s superordinates ,  languag e 

itsel f  play s a  majo r  role .  The y eve n g o a s fa r  a s 

suggestin g tha t  "superordinat e term s ar e define d 

i n th e languag e an d no t  i n th e world "  (Nelson , 

1988 ,  p.4 ,  emphasi s b y author) . 

Nelso n (1988 )  furthe r  distinguishe s tw o cases . 

First ,  sh e introduce s superordinate s a s so-calle d 
"slo t  filler "  categories .  Wit h thi s sh e mean s cate -

gorie s o f  object s (whic h migh t  b e i n differen t  ba -
sic-leve l  categories )  tha t  ar e see n a s belongin g 
togethe r  throug h a  specifi c  context ,  suc h a s foo d 

one usuall y eat s fo r  breakfast .  Secondly ,  Nelso n 
describe s rea l  taxonomi c categorie s whic h sh e 
claim s ar e define d throug h languag e an d ca n 

onl y b e learne d linguistically . 
Thi s observation s can ,  a t  leas t  partially ,  als o 

be reflecte d i n th e introduce d model .  Th e con -
ceptualizatio n mechanis m base d o n similaritie s 

ver y nicel y show s basic-leve l  behavior ,  i n tha t 
some categorie s ar e learne d naturall y withou t 

furthe r  reinforcemen t  o r  influenc e ("bottom -

up") .  Fo r  superordinat e categorie s a t  leas t  tw o 
case s ca n b e distinguished . 

(a )  The y ar e categorie s o f  pattern s tha t  hav e to o 

littl e similaritie s t o b e naturall y throw n int o 

one class . 
(b )  The y ar e categorie s o f  pattern s whos e "simi -

larities "  ar e mainl y define d throug h context , 

tha t  i s  throug h invarian t  activation s i n othe r 
model  components . 

Case (b )  correspond s t o th e slot-fille r  case ,  cas e 
(a )  t o rea l  taxonomi c concepts .  I n bot h case s 
furthe r  influenc e i s necessar y i n orde r  t o caus e a 

conceptua l  stat e t o develop .  Thi s furthe r  influ -
ence ,  accordin g t o Nelso n an d Benelli ,  i s  lan -

guage ,  tha t  is ,  th e labelin g o f  thos e categorie s b y 

words .  I n th e mode l  thi s ca n b e implemente d b y 

conceptua l  state s tha t  ar e induce d b y a  referen -

tia l  link .  I n othe r  words ,  nove l  lin k unit s tha t 

canno t  b e mappe d t o an y existin g concep t  ar e 

permitte d t o recrui t  uncommitte d unit s i n a  C -

layer .  Thi s to o i s  simila r  t o th e A R T - m o d e l 

wher e unit s ca n b e recruite d t o stan d fo r  nove l 

classes .  Thi s recruitmen t  ca n b e supporte d b y 

existin g similarities ,  howeve r  smal l  the y m a y be . 

A learnin g rule—whic h i s a  sligh t  variatio n o f  th e 

sof t  competitiv e learnin g describe d above—ca n 

adap t  weight s s o a s t o gro w stron g link s betwee n 

th e invariant s tha t  ar e ther e an d th e concep t 
unit .  Thu s afte r  som e trainin g i n m a n y case s th e 

concep t  ca n b e activate d bottom-u p withou t  firs t 
presentin g a  label . 

A Simulation Run 

The results of a simple simulation run of the ma-

jo r  mode l  component s shoul d m a k e clea r  th e ba -

si c function s o f  th e extende d model .  T h e eigh t 

pattern s i n Fig .  2 ,  chose n rathe r  arbitrarily ,  wer e 
use d a s visua l  input .  Eigh t  differen t  acousti c sig -

nal s (cal l  the m 'a '  t o 'h' )  wer e use d a s label s 

("words") .  T h e mode l  starte d i n m o d u s on e an d 

bega n t o categoriz e bot h type s o f  inputs .  Fo r  thi s 

al l  eigh t  visual ,  a s wel l  a s th e eigh t  acousti c pat -

tern s wer e presented ,  eac h aroun d 5 0 times .  T h e 
visua l  pattern s wer e presente d i n rando m order . 
Th e acousti c pattern s wer e presente d s o a s t o 
correspon d t o on e o f  th e visua l  patterns '  labels . 
For  instance ,  labe l  'a '  wa s use d togethe r  wdt h vis -

ual  patter n 1  o r  2 ,  labe l  'e '  fo r  pattern s 1 
throug h 4 ,  an d s o o n (amon g th e possibilitie s th e 
choic e wa s agai n random) . 

On th e visua l  side ,  thre e basi c leve l  categorie s 
wer e developed ,  groupin g pattern s 1&2 ,  3 & 4 , 
an d 5 & 6 (th e fourt h groupin g di d no t  happe n t o 

be discovere d i n thi s particula r  run) .  Al l  eigh t 

acousti c pattern s lea d t o differen t  identifiabl e 
states .  A s th e firs t  fou r  label s wer e use d t o n a m e 

th e fou r  expecte d basi c leve l  concept s (1&2 , 

• • • • 

5 6  7  8 

Fig. 2: Patterns used in the simulation 
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3&4,  5&6 .  an d 7&8) ,  thre e o f  the m (th e firs t 

three )  wer e indee d learne d perfectly .  Th e one -

to-on e learnin g rul e prevente d an y o f  th e othe r 

label s t o b e associate d wit h thes e concepts . 

The n th e mode l  wa s switche d t o th e modu s o f 

directe d links .  Now ,  wheneve r  th e ne w labe l  'e ' 

was use d t o nam e th e pattern s 1  throug h 4  (su -

perordinat e concept) ,  th e nove l  lin k uni t  wa s 

compare d wit h th e perviousl y traine d one ,  whic h 

lea d t o mismatc h an d rese t  o f  th e conceptua l 

state .  N o othe r  concep t  coul d b e activated .  Shif t 

of  focu s wa s no t  considere d i n thi s run .  There -

fore ,  afte r  mismatc h a  ne w uni t  i n on e o f  th e 

C-layer s wa s recruited .  Weigh t  adaptatio n lea d 

t o th e strengthenin g o f  th e littl e similaritie s 

among pattern s 1  throug h 4  (suc h a s uni t  3  i n 

ro w 6) ,  s o tha t  th e ne w concep t  coul d als o b e 

activate d bottom-u p afte r  som e time .  Th e mode l 

had thu s learne d a  superordinat e concep t  in -
duce d b y naming .  Th e previousl y learne d basi c 

leve l  label s remaine d unchanged . 

I n anothe r  run ,  shif t  i n focu s o f  attentio n wa s 

considered ,  a s well .  Befor e recruitin g a  ne w unit , 

mismatc h firs t  triggere d a  shift .  S o label s fo r  th e 

most  salien t  part s o f  eac h patter n (e.g .  *f '  fo r  th e 
uppe r  par t  i n pattern s 1  an d 2 )  wer e learned ,  bu t 

onl y i f  a  labe l  fo r  th e whol e objec t  ha d bee n at -

tache d before .  Otherwis e th e labe l  wa s associ -
ate d wit h th e basi c leve l  concept ,  roughl y mirror -

in g Markman' s observatio n o n chil d language . 

Conclusion 

In this paper we have presented a psychologically 
plausibl e mode l  fo r  man y aspect s i n th e acquisi -

tio n o f  wor d meaning .  Man y propertie s o f  th e 

model  ca n directl y b e compare d t o roug h obser -
vation s abou t  earl y languag e learnin g i n children ; 

th e mode l  show s basi c leve l  conceptualization , 

build s link s betwee n label s an d concept s afte r 

bot h hav e bee n identifie d clearly ,  an d mirror s 

assumption s b y Markma n (1989 ,  1990 )  an d Nel -

son (1988) .  I t  ha s bee n demonstrate d tha t  fo r 

achievin g thi s mostl y well-know n neura l  mecha -

nism s hav e bee n used .  I n th e cas e o f  th e exten -

sion s describe d i n thi s paper ,  principle s fro m th e 

ART-model  (Grossber g 1976 )  wer e transferre d 

int o thi s model . 
Of  course ,  man y limit s an d weaknesse s re -

main .  Althoug h man y oversimplification s hav e 

bee n made ,  som e complexitie s o f  th e approac h 

coul d nevertheles s b e demonstrated .  Thu s th e 

strengt h o f  connectionis t  model s t o achiev e a  de -

taile d mode l  behavio r  ha s bee n underlined . 

Therefor e th e mode l  i s  see n no t  onl y a s a  mode l 

wit h it s psychologica l  value ,  bu t  als o a s a  fruitfu l 

ste p towar d alternativ e natura l  languag e under -

standin g systems .  Onl y th e leve l  o f  words—an d 

ther e mainl y nouns ,  an d som e adjectives—ha s 

bee n captured .  I t  i s  believe d tha t  thi s i s  th e pri -

mary leve l  t o b e thoroughl y understoo d i f  on e 

want s t o approac h th e phenomeno n o f  natura l 

language . 
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