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Abstrac t 

Distributional information, in the form of simple, lo-
call y compute d statistic s o f  a n inpu t  corpus ,  provi -
des a  potentia l  mean s o f  establishin g initia l  syntac -
ti c categorie s (noun ,  verb ,  etc.) .  Finc h an d Chate r 
(1991 ,  1992 )  clustere d word s hierarchically ,  accor -
din g t o th e distributio n o f  loca d context s i n whic h 
the y appeare d i n large ,  writte n Englis h corpora , 
obtainin g cluster s tha t  corresponde d wel l  wit h th e 
standar d syntacti c categories .  Here ,  a  stronge r  de -
monstratio n o f  thei r  metho d i s provided ,  usin g 'real ' 
data ,  tha t  t o whic h childre n ar e expose d durin g ca -
tegor y acquisition ,  take n fro m th e childe s corpus . 
For  2- 5 millio n word s o f  aulul t  speech ,  clusterin g o n 
syntsu:ti c an d semanti c base s wa s observed ,  wit h a 
hig h degre e o f  clea i  differentiatio n betwee n syntac -
ti c categories .  Fo r  chil d data ,  som e nou n an d ver b 
cluster s emerged ,  wit h som e evidenc e o f  othe r  ca -
tegories ,  bu t  th e dat a se t  wa s to o smal l  fo r  reliabl e 
trend s t o emerge .  S o m e initia l  result s investigatin g 
th e possibilit y  o f  classifyin g nove l  word s usin g onl y 
th e immediat e contex t  o f  a  singl e instanc e ar e als o 
presented .  Thes e result s demonstrat e tha t  statisti -
cal  informatio n m a y pla y a n importan t  rol e i n th e 
processe s o f  earl y languag e 2u:quisition . 

Acquiring linguistic categories 

In acquiring language the child solves an enormously 
difficul t  problem :  T o uncove r  a n exquisitel y com -
ple x mode l  o f  languag e structur e fro m a  corpu s o f 
observe d languag e whic h i s bot h extremel y partia l 
an d riddle d wit h fals e stcirts ,  slip s o f  th e tongue ,  an d 
ungrammatica l  sentences .  O n e small,  bu t  cruciall y 
important ,  aspec t  o f  thi s proble m i s tha t  o f  acqui -
rin g linguisti c categories .  Unles s linguisti c catego -
rie s ar e established ,  learnin g h o w thos e categorie s 
m ay b e compose d togethe r  t o uncove r  th e linguisti c 
rule s o f  th e languag e appear s t o b e impossible . 

'Experimenta l  wor k wa s performe d b y M R ,  super -
vise d b y N C an d SF ,  an d supporte d b y S E R C stu -
dentshi p No .  91425111 ,  an d E S R C studentshi p No . 
R00429234268 . 

Th e difficult y o f  th e proble m o f  languag e acquisi -
tio n i s ofte n take n t o sugges t  tha t  th e chil d mus t  b e 
abl e t o dra w upo n a n extremel y ric h stor e o f  innat e 
informatio n o r  Universa l  G r a m m a r  (ug )  (Chomsky , 
1980) .  Accordin g t o strongl y nativis t  views ,  th e 
ver y phras e "languag e learning "  embodie s a  miscon -
ception ;  i t  i s  assume d tha t  th e mos t  comple x an d 
intricat e aspect s o f  languag e ar e no t  learne d bu t  in -
natel y specified .  I n th e cas e o f  th e earl y stage s o f 
th e acquisitio n o f  linguisti c categories ,  however ,  i t 
seems tha t  prio r  informatio n ca n b e o f  littl e value . 
Suppose ,  fo r  example ,  tha t  th e existenc e o f  a  parti -
cula r  stoc k o f  syntcicti c categorie s (noun ,  ver b an d 
so on )  i s know n a  priori .  Ther e stil l  remain s th e dif -
ficult  proble m o f  decidin g whic h word s o f  th e langu -
age hav e whic h syntacti c categories ,  sinc e vocabu -
lar y i s clearl y no t  innatel y specified .  Furthermore , 
th e proble m o f  assignin g word s t o categorie s doe s 
not  appea r  t o b e appreciabl y simplifie d b y th e prio r 
knowledg e o f  th e stoc k o f  linguisti c categorie s an d 
thei r  rol e i n UG.  Thi s i s becaus e th e universa l  gramti -
matica l  feature s o f  languag e ca n onl y b e mappe d o n 
t o th e specifi c  surfac e appearanc e o f  a  particula r  na -
tura l  languag e onc e th e identificatio n o f  word s wit h 
syntcicti c categorie s ha s bee n made .  O f  course ,  onc e 
some identification s hav e bee n successfull y made , 
i t  m a y b e possibl e t o us e prio r  grammatica l  kno -
wledg e t o facilitat e furthe r  identifications .  T o solv e 
th e proble m o f  establishin g initia l  linguisti c catego -
ries ,  however ,  i t  seem s tha t  th e contributio n o f  in -
nat e knowledg e mus t  b e relativel y sligh t  (sdthoug h 
see Lasni k (1989 )  fo r  som e tentativ e suggestion s o f 
ho w innat e constraint s migh t  contribute) . 

I t  seems ,  therefore ,  tha t  th e proble m o f  lear -
nin g linguisti c categorie s m a y involv e th e us e o f 
unsupervise d learnin g method s whic h embod y littl e 
prio r  informatio n abou t  th e structur e o f  th e langu -
age .  W e shal l  describ e computationa l  experiment s 
whic h sho w tha t  distributiona l  informatio n presen t 
at  th e wor d leve l  i n Englis h speec h ca n b e exploite d 
i n orde r  t o revea l  th e underlyin g 8yntsw:ti c catego -
ries ,  althoug h th e method s w e discus s ar e applicabl e 
bot h a t  othe r  levels ,  an d t o othe r  type s o f  linguisti c 
category . 
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L a n g u a g e Interna l  a n d L a n g u a g e 
E x t e r n a l  C u e s 

We distinguis h betwee n tw o source s o f  informatio n 
tha t  migh t  b e use d i n orde r  t o lesu- n syntacti c cate -
gories :  Languag e internal—dependen t  o n th e rela -
tionship s betwee n element s (i n thi s case ,  words )  o f 
linguisti c input ;  an d languag e external—concerne d 
wit h th e relationship s tha t  ca n b e uncovere d bet -
ween languag e an d th e world . 

Here ,  w e conside r  onl y languag e interna l  infor -
mation .  Whils t  languag e externa l  factor s ar e pre -
sumabl y o f  considerabl e importance ,  the y ar e ver y 
difficul t  t o mode l  computationally ,  give n ou r  almos t 
complet e lac k o f  knowledg e a s t o ho w the y ca n b e 
appropriatel y represented .  Empirica l  dat a concer -
nin g th e child' s representatio n o f  th e worl d remain s 
bot h anecdota l  i n nature ,  an d difficul t  t o interpret . 

Th e unsupervise d analysi s o f  languag e interna l 
relationships ,  i n th e absenc e o f  a  prior i  information , 
fall s  naturall y int o th e domai n o f  statistical ,  o r  dis -
tributional ,  analysis . 

Previous Computational Approaches 

T h e statistica l  analysi s o f  natura l  language . 
Whil e th e us e o f  neura l  networ k method s ha s lar -
gel y bee n restricte d t o dat a generate d b y artificia l 
grammars ,  i t  ha s bee n possibl e t o appl y statistica l 
model s t o larg e tex t  corpora .  Muc h o f  thi s wor k 
has aime d simpl y t o improv e performanc e i n parti -
cula r  computationa l  applicatio n domains ,  bu t  mor e 
recently ,  thes e technique s hav e bee n applie d t o ac -
tuall y uncove r  linguisti c structur e {e.g .  Bril l  e t  ai , 
1990) :  Tha t  is ,  th e goa l  i s t o automaticall y generat e 
linguisticall y justifie d categorie s an d rules .  O f  par -
ticula r  relevanc e i n th e presen t  context ,  i s th e recen t 
applicatio n o f  statistica l  method s t o find  linguisti c 
categorie s fro m untagge d natura l  languag e corpor a 
{e.g .  Marcus ,  1991 ;  Knese r  &  Ney ,  1991) .  Th e algo -
rith m describe d belo w (Finc h &  Chater ,  1991 ,  1992 , 
1993 )  derive s wha t  i s probabl y th e mos t  linguisti -
call y motivate d teixonom y o f  categorie s t o date . 
Relevan t  neura l  ne twor k research .  Ther e ha s 
als o bee n considerabl e interes t  i n learnin g syntacti c 
categorie s fro m scratc h wit h th e neura l  network s li -
terature .  Whil e earl y neura l  networ k languag e pro -
cessin g model s hav e bee n hard-wire d {e.g .  Hanso n 
& Kegl ,  1987) ,  i t  ha s recentl y becom e possibl e t o 
use learnin g method s t o extrac t  linguisti c structur e 
fro m (artificial )  data .  I n particular ,  ther e ha s bee n 
significan t  interes t  i n th e finding  th e syntacti c cate -
gorie s o f  lexica l  items . 

The mos t  influentia l  approac h i s du e t o Elma n 
(1990) ,  usin g hi s simpl e recurren t  networ k (srn )  ar -
chitecture .  Th e SR N i s typicall y traine d t o predic t 
th e nex t  elemen t  i n a  sequenc e o f  input s genera -
te d b y a  simpl e grammar .  I t  ca n develo p pattern s 
of  hidde n uni t  activatio n which ,  whe n appropria -
tel y average d an d cluster-analyse d revea l  underly -

in g syntacti c categories .  A  pos t  ho c analysi s o f  th e 
statistic s tha t  th e networ k pick s u p show s tha t  th e 
hidde n uni t  pattern s reflec t  a  simpl e distributiona l 
propert y o f  th e corpus ;  th e vecto r  o f  conditiona l  pro -
babilitie s o f  eac h possibl e nex t  ite m i n th e sequence , 
give n th e precedin g sequenc e o f  item s (Chate r  & 
Conkey ,  1992) .  Thu s a  simpl e statistica l  represen -
tatio n o f  eac h wor d b y it s conditiona l  probabilit y 
mirror s th e hidde n uni t  structur e ver y closely . 

Thi s analysi s feed s naturall y int o th e presen t 
work .  W h e n attemptin g t o lear n a  languag e whos e 
structur e i s unknown ,  i t  i s  no t  o f  cours e possibl e t o 
comput e th e conditiona l  probabilit y  o f  eac h wor d 
give n arbitrar y context ;  however ,  i t  i s  possibl e t o 
comput e thes e conditiona l  probabilitie s directly ,  ba -
sed o n loca l  context ,  an d thi s distributiona l  statisti c 
provide s th e basi s o f  ou r  statisticz d metho d outline d 
below . 

Elman' s approac h i s limite d i n tha t  i t  fail s  t o 
scal e u p fro m small ,  artificia l  dat a sets ,  t o dea l  wit h 
rea l  linguisti c data .  SRNs ,  rel y o n prediction ,  whic h 
rapidl y become s extremel y difficult ,  sinc e learnin g 
i s inefficien t  an d slow ,  i f  i t  occur s a t  all .  Othe r  neu -
ra l  networ k approache s {e.g .  Scholtes ,  1991 )  shar e 
simila r  limitations . 

The Present Approach 

A standard test in theoretical linguistics for words 
sharin g th e sam e syntacti c categor y i s similarit y o f 
distribution :  I f  al l  occurrence s o f  wor d A  ca n b e 
replace d b y wor d B ,  withou t  los s o f  syntacti c well -
formedness,  the n the y shar e th e sam e syntacti c cate -
gor y {e.g .  Radford ,  1988 )  .  Th e metho d her e wa s t o 
for m a  representatio n o f  th e distributio n o f  context s 
withi n whic h eaic h wor d appeared ,  an d the n t o iden -
tif y categorie s a s correspondin g t o cluster s withi n 
th e spac e o f  possibl e distribution s o f  context .  Th e 
loca l  context—th e tw o precedin g an d tw o succee -
din g word s v/a s used ,  thu s encompassin g th e shor t 
phras e structur e constituents ,  withi n whic h depen -
dencie s betwee n word s ar e relativel y highl y constrai -
ned . 

I n practice ,  th e mos t  frequen t  1,00 0 word s i n th e 
targe t  corpu s wer e chose n a s th e focu s words ,  an d 
th e mos t  frequen t  15 0 wer e chose n a s th e contex t 
words .  Th e dependencie s betwee n th e focu s word s 
and th e contex t  word s wer e recorde d b y incremen -
tin g th e valu e o f  th e cel l  indexe d b y th e appropriat e 
focu s an d contex t  word ,  i n a  contingenc y tabl e cor -
respondin g t o th e appropriat e contex t  position ;  las t 
but  on e word ,  previou s word ,  nex t  word ,  o r  nex t 
but  on e word .  Thu s fo r  eac h focu s word ,  th e ro w o f 
eac h contingenc y tabl e form s a  150-dimensiona l  vec -
tor ,  representin g th e observe d distributio n o f  eac h 
of  o f  th e 15 0 contex t  word s i n tha t  position .  Strin -
gin g th e vector s fro m eac h tabl e togethe r  result s i n 
a 600-dimensiona l  vector ,  representin g th e distribu -
tio n o f  loca l  context s withi n whic h eac h focu s wor d 
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appeared' .  Give n thes e contex t  vectors ,  a  numbe r 
of  clusterin g iJgorithm s ca n b e use d t o identif y clu -
ster s o f  word s occurrin g i n th e spac e o f  possibl e dis -
tribution s o f  context ,  accordin g t o som e chose n di -
stanc e o r  similarit y metric .  Spearman' s ran k cor -
relatio n coefficient ,  a  robus t  similarit y metric ,  ha s 
bee n foun d t o giv e goo d (linguisticall y appropriate ) 
result s wit h natura l  languag e corpora ,  wit h cluste -
rin g performe d b y hierarchica l  cluste r  analysis . 

Usin g thi s method ,  Finc h &  Chate r  (1991 ,  1992 ) 
obtsdne d excellen t  result s usin g 30-4 0 millio n wor d 
corpor a take n fro m Usene t  newsgroups ,  wit h den -
drogram s produce d b y hierarchica l  cluste r  analysi s 
correspondin g wel l  wit h a  standar d syntacti c taxo -
nomy;  a t  a  hig h level ,  nouns ,  verbs ,  adjective s etc. , 
wer e al l  differentiated .  A t  a  lowe r  level ,  semanti c re -
guleiritie s wer e apparent ,  e.g .  computer-relate d no -
uns ,  countries ,  compas s direction s etc. ,  wer e cluste -
re d together . 

O ne advjuitag e o f  th e metho d i s tha t  th e con -
tex t  vector s ca n b e easil y constructe d i n a  singl e 
pas s throug h th e inpu t  corpus ,  wit h spac e an d com -
putationa J requirement s increasin g linearl y wit h th e 
tota l  numbe r  o f  focu s an d contex t  words .  Thi s al -
low s it s us e wit h larg e natura l  languag e corpora . 
T h e metho d i s no t  limite d t o th e wor d level—Finc h 
& Chate r  (1991 )  demonstrate d it s abilit y  t o distin -
guis h betwee n consonants ,  vowels ,  an d punctuatio n 
at  th e lette r  level ,  an d betwee n consonant s an d vo -
wel s i n phonemicall y transcribe d speech .  I n Finc h 
& Chate r  (1992) ,  agai n usin g a  Usene t  corpus ,  one , 
two ,  an d thre e wor d combination s o f  syntacti c cate -
gorie s (identifie d b y a  simila r  analysi s a t  th e wor d 
level )  wer e classifie d accordin g t o thei r  phrasci l  ca r 
tegor y (nou n phrase ,  ver b phras e etc.) . 

A weaknes s o f  th e metho d i s th e absenc e o f  an y 
adequat e quantitativ e measur e o f  th e "goodness "  o f 
th e resultan t  clusterin g (althoug h th e result s s o fa r 
ar e qualitativel y impressive) .  Th e syntacti c ambi -
guit y o f  m a n y words ,  e.g .  ""Fir e th e gun" ,  "ligh t  th e 
fire",  render s quantitativ e assessmen t  problematic . 
Generall y th e metho d wil l  cluste r  suc h word s wit h 
th e categor y i n whic h the y mos t  frequentl y occu r  i n 
th e inpu t  corpus ,  with ,  fo r  instance ,  a  cluste r  o f  am -
biguou s noun/verb s formin g fo r  word s wher e neithe r 
for m dominates .  Additionall y ther e i s th e proble m 
of  appropriatel y partitionin g th e spac e o f  possibl e 
distribution s o f  contex t  int o disjoin t  categories ,  an d 

^Thi s ca n b e implemente d a s a  neiira l  networ k (Finc h 
k Chater ,  1992) ,  i n whic h node s i n th e firs t  laye r  repre -
sent  th e curren t  word ,  an d thos e i n laye r  2  represen t 
th e previou s bu t  one ,  previous ,  next ,  an d nex t  bu t  on e 
words ,  wit h th e bidirectiona l  weight s betwee n th e node s 
bein g incremente d appropriately ,  vi a a  Hebbis m lecimin g 
rule .  Thu s b y activatin g th e nod e representin g a  wor d i n 
laye r  1 ,  th e activatio n vecto r  o f  laye r  2  i s equivalen t  t o 
th e 600-dimen6iona l  vecto r  representin g th e distributio n 
of  contexts .  Th e laye r  2  activatio n vecto r  ca n the n serv e 
as th e inpu t  t o a  Kohone n typ e clusterin g algorithm . 

th e questio n o f  whethe r  thi s i s a n appropriat e aim , 
give n th e occurrenc e o f  syntacti c ambiguity .  Howe -
ver ,  i t  seem s likel y tha t  th e (good )  firs t  approxima -
tio n t o categorie s provide d b y th e metho d m a y b e 
sufficien t  fo r  other ,  mor e sophisticate d technique s t o 
procee d fro m thereon . 

Results with the childbs Corpus 

Whilst the method has been shown to be effective 
wit h writte n Englis h corpora ,  th e languag e t o whic h 
childre n ar e expose d i n earl y lif e i s considerabl y dif -
ferent .  Child-directe d speec h i n particula r  i s know n 
t o posses s distinctiv e characteristics ;  i n vocabular y 
and g ramma r  i t  i s  a  subse t  o f  th e ful l  adul t  system , 
and sentence s ar e relativel y short ,  simple ,  gramma -
tical ,  an d repetetiv e (Kuczaj ,  1982) .  Th e succes s o f 
th e metho d wit h dat a o f  thi s typ e provide s a  stron -
ger  demonstratio n o f  it s validity . 

Th e result s describe d her e wer e obtaine d wit h 
dat a take n fro m th e childe s corpor a (MacWhin -
ney an d Snow ,  1985) .  childe s i s a  m2M:hine -
readabl e collectio n o f  corpor a o f  chil d an d child -
relate d speech ,  transcribe d b y a  numbe r  o f  investi -
gators .  Th e Englis h languag e transcription s invol -
vin g non-impaire d speaker s wer e prepared ,  eac h ut -
teranc e bein g indexe d b y ag e an d se x o f  speaker ,  thi s 
informatio n bein g take n fro m th e documentatio n ac -
companyin g th e transcriptions .  Th e resultan t  cor -
pus containe d ove r  4- 3 millio n word s o f  speech ,  fro m 
nearl y 6,00 0 speakers .  Th e onl y preprocessin g tha t 
was performe d wa s t o stri p awa y th e childe s codin g 
informatio n an d punctuatio n present ,  an d thu s th e 
corpu s wa s rathe r  noisy ;  fo r  instance ,  ' m u m m y '  an d 
' m o m m y'  wer e effectivel y differen t  words ,  a s wer e 
'dats '  an d 'thats' ,  etc . 

A numbe r  o f  analyse s wer e performe d o n subset s 
of  thi s corpus ,  th e bes t  result s bein g obtaine d fro m 
th e analysi s o f  th e adul t  speec h only .  Whils t  ther e 
i s n o guarante e tha t  th e whol e o f  th e adul t  speec h i n 
th e adul t  corpu s wa s child-directed ,  i t  woul d see m 
t o for m a  fai r  representatio n o f  th e speec h t o whic h 
a language-learne r  migh t  b e exposed .  Th e adul t 
speec h corpu s comprise d ove r  2- 5 millio n words , 
fro m 3,41 6 speakers ,  1,02 2 male ,  2,14 1 female ,  an d 
253 whos e se x ha A no t  bee n recorded . 

Th e hig h leve l  structur e o f  th e dendrogra m for -
m ed fro m th e adul t  speec h i s illustrate d i n figure 
1.  Th e dendrogra m ha s bee n cu t  a t  a  leve l  o f  dissi -
milarit y chose n t o revea l  th e 'best '  syntacti c grou -
ping .  O f  th e 4 2 disjoin t  cluster s thu s obtained ,  th e 
13 show n containe d ove r  9 0 % o f  th e focu s words , 
and th e label s fo r  eac h o f  thes e cluster s wer e appro -
priat e fo r  aroun d 9 5 % o f  th e word s i n eac h cluster . 
Th e cluster s containin g 2  categorie s i n th e to p hal f 
of  th e tre e {e.g .  pronouns/auxiliar y verbs )  d o sepa -
rat e appropriatel y withi n th e cluster .  Howeve r  suc h 
cluster s ar e smal l  i n siz e compare d t o th e nou n an d 
ver b clusters ,  whic h containe d ove r  7 0 % o f  th e focu s 
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.Pronouns :  Objec t 
Auxibar y Verb s 

-Adverb s 

. W H word s 
Verb :  "t o be " 

.Determiner s 
Pronouns :  Object/Foaaeu . 

-Preposition s 
.Interjection s 
Nouns:  Prope r  (names ) 

.Adjectives :  Colour , 
Number 

-Adjective s 
-Noun s 
-Nouns: Proper (names) 

-Verb s 

-Verbs: -ing form 

-Verbs 

Figur e 1 :  A  summar y diagra m o f  th e hig h leve l 
structur e o f  th e dendrogra m fo r  th e adul t  speech . 
Approximatel y 1 5 % o f  th e dat a ha s bee n omitted , 
or  doe s no t  accor d wit h th e label s use d here . 

words, and are highly coherent, containing the lo-
west  proportio n o f  inappropriat e words .  Subcluster s 
withi n th e nou n an d ver b cluster s sho w a  distinctio n 
betwee n singula r  an d plura l  nouns ,  and ,  t o som e ex -
tent ,  betwee n presen t  an d pas t  ver b tense ,  an d th e 
'-ing '  ver b form . 

Figure s 2 ,  3  an d 4  illustrat e a  numbe r  o f  subclu -
ster s o f  thos e indicate d i n figur e 1 .  Th e goodnes s 
of  th e clusterin g i n figure s 2  an d 3  i s typica l  o f  tha t 
throughou t  th e nou n an d ver b clusters .  Thes e re -
sult s compar e favourabl y wit h thos e o f  Finc h an d 
Chate r  (1991) ,  especiall y give n th e muc h reduce d 
sampl e siz e (2- 5 millio n words ,  versu s 3 0 millio n 
words) . 

I t  i s no t  appropriat e t o attac h to o muc h impor -
tanc e t o th e genera l  overal l  structur e o f  th e den -
drogram ,  o r  t o th e positio n o f  an y particula r  wor d 
withi n it—th e forme r  m a y chang e accordin g t o th e 
particula r  se t  o f  word s tha t  ar e include d i n th e ana -
lysis ,  an d th e latte r  m a y b e affecte d b y a n idiosyn -
crati c usag e b y eve n on e individual ;  fo r  instanc e 
many o f  th e name s tha t  occu r  i n th e se t  o f  focu s 
word s ar e identifiabl e a s arisin g fro m specifi c  indivi -
duals .  W h a t  i s importan t  i s  th e genera l  hig h leve l  o f 
correspondenc e betwee n cluster s an d synteicti c rela -
tionships . 

Analyse s wer e als o performe d o n corpor a consi -
stin g o f  th e chil d speech ,  broke n dow n b y yea r  o f 
age.  Th e result s o f  thes e wer e muc h les s clear-cut . 
The siz e o f  th e sample s wa s ver y smal l  (2,00 0 word s 
fo r  childre n o f  a  yea r  o r  less ,  88,00 0 fo r  1- 2 year's , 
and approximatel y 0- 5 millio n fo r  eac h o f  2-3 ,  3-4 , 
and  4- 5 yea r  olds) .  A s th e metho d i s dependen t  o n 
th e siz e o f  th e sample ,  i n orde r  t o gai n a  representa -
tiv e distributio n o f  context s fo r  eac h word ,  thi s va -
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go 
come 
si t 
sta y 
stan d 
star t 
put 
tak e 
get 
brin g 
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ra 
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be 
eat 
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buy 
hear 
weai r 
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say 
tal k 
smg 
writ e 
dra w 
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i x 
li t 
?rea k 
eel 

Figur e 2 :  A  typica l  subtre e o f  th e ver b branc h o f 
th e dendrogram .  T o som e exten t  semanti c cluste -
rin g i s eviden t  {e.g .  push/pull ,  say/talk/sing) ,  an d 
i t  occur s t o thi s degre e throughou t  th e dendrogram . 

riation  in corpus size no doubt affected the results. 
However ,  fo r  th e childre n o f  2  year s an d older ,  nou n 
and ver b cluster s wer e evident ,  althoug h muc h les s 
clea r  cu t  tha n fo r  th e adul t  speech .  Ther e wa s als o 
some tendenc y fo r  othe r  categorie s t o b e evident — 
fo r  instance ,  th e 2- 3 yea r  old' s dendrogra m cluster s 
togethe r  'down' ,  'up' ,  'out' ,  'off' ,  'away' ,  'back' ,  an d 
'home' ,  an d thi s tendenc y appear s t o increas e wit h 
age.  However ,  i n th e absenc e o f  a  goo d quantativ e 
measur e o f  th e 'goodness '  o f  clusterin g thi s ha s no t 
been confirme d statistically .  Analysi s o f  th e ent -
ir e corpor a yielde d result s o f  slightl y lesse r  qualit y 
tha n thos e fo r  th e adul t  speec h alone ,  unsurprisingl y 
give n th e presenc e o f  th e muc h noisie r  an d syntac -
ticall y les s well-forme d chil d speech . 

Categor is in g N e w W o r d s 

Once th e chil d ha s acquire d th e initia l  categories , 
ther e remain s th e proble m o f  assignin g categorie s t o 
nove l  words ,  suc h a s i n th e Berk o test ,  where ,  give n 
a singl e sentenc e suc h a s 'Joh n glinne d th e dog' ,  th e 
learne r  i s  require d t o recognis e 'glinned ^  a s a  ver b 
and t o us e i t  appropriatel y (Maratsos ,  1988) .  W e 
hav e conducte d a  fe w preliminar y experiment s wit h 
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wate r 
mil k 
pape r 
juic e 
money 
foo d 
stuf f 
coffe e 
te a 
chees e 
crea m 
butte r 
cak e 
sou p 
meat 
brea d 
fish 

4 : 

- c 

;e n 
orang e 
appl e 

-  cookie . 
-  sandwic h 
•  dinne r 
-  lunc h 
brefikfas t 

.  suppe r 

.  t v 

.  C2ind y 
Figur e 3 :  Thi s nou n branc h subtre e illustrate s th e 
capturin g o f  semanti c a s wel l  syntacti c regularities . 
Thi s i s probabl y th e bes t  exampl e o f  semanti c clu -
sterin g fro m th e eidul t  data ,  althoug h th e lo w fre -
quenc y o f  non-noun s i s typica l  o f  th e nou n cluster . 
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4 : 

i n 
on 
over 
fo r 
wit h 
at 
fro m 
by 
int o 
of 
thci n 
abou t 
as 
afte r 
unde r 
behin d 
nex t 
las t 
ever y 
down 
out 
bac k 
of f 
away 
home 
aroun d 
togethe r 
outsid e 
insid e 
throug h 
roun d 
upstair s 
downst£ur s 
cilon g 
somewher e 
str£ugh t 
eithe r 
anymor e 

Figur e 4 :  Thi s i s th e entir e 'preposition '  branch ,  a s 
indicate d i n figure  1 . 

CHILDBS data ,  i n orde r  t o se e i f  sligh t  varian t  o f 
Finc h an d Chater' s metho d ca n b e use d t o achiev e 
th e recognitio n componen t  o f  thi s task . 

T h e metho d use d wa s a s follows ;  a  se t  o f  10 0 
targe t  word s wa s selected ,  o n th e basi s o f  frequenc y 
(betwee n 7 0 an d 7 7 occurrence s i n th e adul t  speech) , 
non e o f  the m bein g member s o f  th e se t  o f  focu s 
words .  A  contex t  vecto r  wa s constructe d fo r  eac h 
of  th e occurrence s o f  eac h targe t  word ,  i n th e adul t 
speech .  Bein g base d o n a  singl e instance ,  thes e 600 -
dimensiona l  vector s wer e extremel y sparse ,  wit h a 
m a x i m u m o f  fou r  non-zer o elements ,  wher e al l  fou r 
surroundin g word s wer e member s o f  th e se t  o f  con -
tex t  word s (whic h wa s th e sam e a s tha t  fo r  th e adul t 
speec h above) .  Thu s th e proces s s o fa r  wa s exac -
tl y a s wa s performe d fo r  th e entir e adul t  corpus , 
excep t  tha t  th e 'corpora '  her e wer e 5  word s long , 
e.g .  'orang e i t  taste s ver y sour '  wa s a n singl e oc -
currence ,  an d th e associate d contex t  fo r  th e targe t 
wor d 'tastes' . 

Eac h occurrence' s vecto r  wa s the n compare d t o 
th e contex t  vecto r  fo r  eac h o f  th e origina l  focu s 
words ,  an d th e do t  produc t  o f  th e tw o vector s calcu -
lated .  Thi s ca n b e see n a s a  measur e o f  th e probabi -
lit y  tha t  eac h focu s wor d woul d b e foun d i n th e sam e 
contex t  a s th e occurrenc e o f  th e targe t  word .  Th e 
targe t  wor d wa s the n 'recognised '  a s belongin g t o 
th e categor y o f  th e focu s wor d fo r  w h o m thi s valu e 
was highest .  A  separat e categorisatio n wa s als o as -
signe d o n th e basi s o f  th e thre e neares t  neighbours — 
i f  tw o o r  mor e o f  th e 3  'closest '  focu s word s belonge d 
t o th e sam e category ,  the n tha t  categor y wa s assig -
ned t o th e targe t  word .  Thes e categorisation s wer e 
the n compare d t o th e categorie s t o whic h th e tjir -
get  word s wer e assigne d b y hand .  Fo r  th e 2 5 % o f 
targe t  word s tha t  wer e no t  member s o f  th e nou n o r 
ver b categories ,  ther e wa s littl e evidenc e tha t  the y 
coul d b e distinguishe d b y thi s method .  Th e percen -
tag e o f  occurrence s correctl y classifie d fo r  noun s an d 
verb s ar e show n i n tabl e 1 .  Als o show n ar e th e per -
centage s o f  occurrence s o f  eac h categor y tha t  wer e 
misclassifie d a s nouns ,  instea d o f  a s verbs ,  an d vic e 
versa . 

Whils t  thes e result s ar e no t  impressiv e i n compa -
riso n wit h othe r  automati c classificatio n techniques , 
give n th e paucit y o f  th e informatio n utilised ,  th e 

Table 1: Percentage of occurrences classified as no-
uns o r  verbs ,  b y '2K;tua r  clas s (i n capitals) .  Not e 
tha t  th e V E R B ro w tota l  fo r  3  neares t  neighbour s 
exceed s 100% :  O n e o f  th e categorie s wa s 'ambiguou s 
noun/verb' ,  an d neighbour s i n thi s categor y counte d 
as both—thu s som e word s wer e classifie d a s bot h 
noun s an d verbs . 

Method : 

Clas s 

N O UN 
VERB 

by closes t  wor d 

nou n 
55.7 % 
19.7 % 

ver b 

6.6 % 
54.8 % 

3 neares t  neighbrs . 

nou n 

86.9 % 
49.4 % 

ver b 
11.7 % 
64.9 % 
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statisticall y naiv e measure s o f  similarit y an d cate -
gor y assignment ,  an d th e hig h level s o f  nois e presen t 
i n th e sample ,  th e proportio n o f  successfu l  classifi -
cation s i s surprisingl y high .  I t  i s  possibl e tha t  thi s 
techniqu e i s capabl e o f  bein g refine d i n orde r  t o im -
prov e th e accurac y achieved . 

Conclusion 

The results presented here demonstrate the feasibi-
lit y  o f  usin g simple ,  locall y compute d statistic s o f 
th e speec h t o whic h childre n ar e exposed ,  i n orde r 
t o bootstra p synteicti c  categories .  I t  i s  likel y that , 
especiall y  fo r  language s wher e wor d orde r  i s no t  clo -
sel y constrained ,  othe r  source s o f  informatio n (into -
nation ,  stress ,  languag e externa l  factor s etc. )  ar e 
involve d i n thi s process .  I t  appear s plausibl e tha t 
a varian t  o f  th e metho d coul d b e applie d a t  a  lo -
wer  leve l  t o language s suc h a s Turkish ,  wher e wor d 
orde r  i s believe d t o pla y littl e rol e i n earl y acqui -
sition ,  bein g supplante d b y highl y regularise d cas e 
markers .  (Bate s an d MacWhinney ,  1987) .  Statisti -
cal  method s i n genera l  ma y pla y a  larg e rol e i n earl y 
languag e acquisition ,  vi a processe s analogou s t o th e 
one describe d here . 

Futur e work .  A  quantativ e measur e o f  th e 
'goodness '  o f  clustering/categorisatio n i s obviousl y 
required .  Thi s woul d ideall y allo w compariso n o f  re -
sult s independently ,  t o som e extent ,  o f  sampl e size , 
and hopefull y acros s languages . 

The outpu t  a t  eac h linguisti c leve l  (word ,  phra -
sal  etc. )  migh t  b e utilise d i n 'preprocessing '  th e 
inpu t  t o th e leve l  above ,  ideall y withi n a  single ,  co -
heren t  process .  Additionally ,  th e growt h an d 'solidi -
fication'  o f  categories ,  a s dat a accumulates ,  an d an y 
correspondenc e wit h observe d developmenta l  stage s 
i s  o f  interest . 

Experiment s wit h multi-dimensiona l  scalin g 
have suggeste d tha t  th e distanc e informatio n impli -
ci t  i n th e 600-dimensiona l  spac e o f  possibl e distribu -
tion s o f  contex t  ca n i n fac t  b e adequatel y represen -
te d i n man y fewe r  dimensions .  I t  ma y b e possibl e t o 
exploi t  thi s redundanc y i n amassin g contex t  infor -
mation ,  and/o r  i t  ma y prov e a n interestin g measur e 
of  th e complexit y o f  natura l  language .  Similarly , 
th e presen t  metho d i n itself ,  constitute s a  generall y 
revealin g too l  fo r  th e stud y o f  linguisti c structure . 

The mos t  obviou s remainin g questio n i s th e per -
formanc e o f  thi s metho d wit h othe r  natura l  langua -
ges,  particularl y thos e whos e wor d orde r  i s les s con -
straine d tha n English ,  e.g .  Turkish ,  Japanese .  A s 
wel l  a s motivatin g th e collectio n o f  th e dat a tha t 
wil l  b e required ,  th e thoroug h applicatio n o f  suc h 
method s t o a  variet y o f  language s i s likel y t o ne -
cessitat e th e integratio n o f  informatio n fro m multi -
pl e sources ,  bot h distributiona l  an d otherwise ,  ho -
pefull y leadin g t o mor e genera l  an d psychologicall y 
valid ,  model s o f  th e categor y acquisitio n process . 
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