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Abstract 

There have been various suggestions about how children 
migh t  acquir e a  proto-ciassificatio n o f  element s o f  natu -
ra l  language ,  suc h a s i s conjecture d t o b e necessar y t o 
allo w th e chil d t o "bootstrap "  languag e acquisitio n (Ma -
ratso s 1979 ;  Pinke r  1984) .  One ,  propose d b y Kis s (1972 ) 
and Maratso s (1979) ,  bu t  criticise d b y Pinke r  (1984) ,  i s 
tha t  childre n loo k fo r  distributiona l  correlation s betwee n 
simpl e linguisti c phenomen a i n th e lemguag e the y hea x 
i n orde r  t o deriv e mor e sophisticate d abstrac t  linguisti c 
classifications .  Finc h &  Chate r  (1992 )  showe d tha t  a  re -
lativel y complet e syntacti c classificatio n o f  th e lexico n 
coul d b e foun d fo r  commo n word s i n nature d languag e 
usin g distributiona l  bootstrapping . 
Thi s pape r  review s som e o f  th e cirgument s Pinke r  raise s 
agains t  distributiona l  methods ,  an d the n describe s a  sy -
ste m whic h overcome s hi s objections ,  wher e sequence s 
of  word s ar e classifie d int o phrasa l  classe s b y a  lingui -
sticadl y naiv e statistica l  aneilysi s o f  distributiona l  regu -
laritie s fi-om  a  large ,  noisy ,  untagge d corpus .  Fo r  man y 
classes ,  suc h a s sentenc e an d ver b phrase ,  th e accurac y 
of  th e classificatio n (ie .  th e proportio n o f  putativ e sen -
tence s whic h ca n i n fac t  b e linguisticall y interprete d a s 
sentences )  i s  i n th e regio n o f  90% ,  thu s enablin g th e 
chil d t o brea k th e "bootstrappin g problem" . 

Introduction 

Acquirin g synta x appear s t o fac e th e chil d wit h a  "boot -
strapping "  problem .  Acquirin g syntacti c rule s presup -
pose s tha t  th e syntacti c categorie s i n term s o f  whic h 
thos e rule s ar e formulate d hav e alread y bee n acquired ; 
but  syntacti c categorie s onl y hav e meanin g i n virtu e o f 
th e syntacti c rule s i n whic h the y figure .  Learnin g syntac -
ti c categorie s an d syntacti c rule s appea r  t o b e mutuall y 
interdependent .  Consequently ,  th e chil d appear s t o b e 
face d wit h wha t  seem s a n impossibl e task :  searchin g 
th e entir e spac e o f  category/rul e combination s simulta -
neously .  Thre e broai d approache s t o th e bootstrappin g 
proble m ca n b e distinguished . 

Distributiona l  o r  correlationa l  bootstrappin g (Maratso s 
1979 ;  Maratso s &  Chalkle y 1981 ;  Finc h &  Chate r  1992 ) 
makes us e o f  th e fac t  tha t  word s o f  th e sam e categor y 
ten d t o hav e a  larg e numbe r  o f  syntacti c regularitie s i n 
common.  Fo r  exaimple ,  wor d root s whic h tak e th e suffi x 
'-ed '  typicall y tak e th e suffi x  '-s '  an d ax e verbs .  Word s 
whic h tak e th e suffi x  '-s' ,  bu t  no t  th e suffi x  '-ed '  ar e typi -
call y count-nouns .  Consequently ,  i f  w e tak e a  larg e num -
ber  o f  predicate s suc h a s take s th e suffi x  '-s' ,  take s th e 

+ U 31-650-343 2 

nicholas@cogsci.ed.ac.uk 

suffix '-ed', takes the suffix '-ing', appears immediately 
afte r  'the' ,  an d s o on ,  ther e wil l  b e stron g correlation s 
evident .  Thes e correlation s ca n b e used ,  throug h som e 
statistica l  analysis ,  t o find  proto-wor d classe s whic h ca n 
late r  b e refine d (i n th e ligh t  o f  interpretatio n withi n a n 
increasingl y comple x an d accurate ,  adult-lik e theory )  t o 
wor d classe s mor e consonan t  wit h a  matur e languag e 
theory . 

Semanti c bootstrappin g (Pinke r  1984 ,  1988 )  hold s tha t 
th e mechanis m fo r  th e initia l  forma l  classificatio n o f 
word s make s us e mainl y o f  th e structure s tha t  evolu -
tio n an d learnin g hav e give n th e chil d i n interpretin g th e 
externa l  world .  Consequently ,  suc h theorie s ca n refe r  t o 
concept s suc h a s possession ,  action ,  objecthood ,  an d s o o n 
i n explainin g th e earl y acquisitio n o f  syntacti c categories . 
The y ca n als o assum e tha t  comple x conceptua l  represen -
tation s alread y exis t  o f  externa l  events ,  an d dependen -
cie s betwee n thes e representation s an d th e soun d strea m 
ca n b e exploite d t o semanticall y infe r  low-leve l  syntac -
ti c structure .  Thus ,  sinc e ther e i s a  stron g correlatio n 
between ,  fo r  example ,  bein g a n objec t  an d bein g refer -
re d t o b y a  noun ,  thes e semanti c categories ,  whic h migh t 
be expecte d t o b e innatel y presen t  i n description s o f  th e 
world ,  nee d onl y b e correlate d wit h th e speech-soun d 
strea m i n orde r  t o infe r  roug h approximation s t o a  m a -
tur e linguisti c classification .  Also ,  th e concep t  o f  nou n 
phras e migh t  b e semanticall y bootstrappe d b y definin g 
i t  t o b e "tha t  whic h refer s t o a n object" ,  togethe r  wit h 
some innat e assumption s abou t  th e relationshi p betwee n 
languag e an d th e extan t  menta l  representations .  Thes e 
roug h approximation s ca n the n b e furthe r  subjecte d t o 
variou s form s o f  semanti c an d distributiona l  analysi s i n 
orde r  t o refin e the m t o b e consonan t  wit h a  mor e matur e 
linguisti c theory . 

Prosodi c bootstrappin g (Morga n & :  Newpor t  1981 )  ex -
ploit s th e mutua l  predictabilit y  betwee n th e syntacti c 
phrasin g o f  a  sentence ,  an d th e wa y i t  i s  sai d (ie .  it s 
prosodi c phrasing) .  Consequentl y i f  th e chil d take s not e 
of  ho w somethin g i s said ,  h e o r  sh e ha s informatio n ab -
out  th e "hidden "  syntacti c phrasin g o f  th e sentenc e tha t 
th e chil d need s t o find  fo r  a  matur e theor y o f  language . 
Thu s th e syntacti c structur e o f  languag e i s no t  s o wel l 
"hidden "  afte r  all ,  an d m a y b e easil y foun d b y listenin g 
t o ho w a  sentenc e i s spoken . 

O ne migh t  expec t  a  chil d t o m a k e us e o f  a s m u c h in -
formatio n a s possibl e i n acquirin g a  theor y o f  language , 
an d a s suc h on e migh t  expec t  th e chil d t o us e al l  thes e 
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source s o f  information .  Nonetheless ,  som e o f  th e source s 
m ay easie r  t o exploit ,  a t  leas t  initially ,  tha n others .  Fo r 
example ,  i n orde r  t o exploi t  semanti c regularities ,  on e 
need s t o b e sur e tha t  th e word s whic h ar e spoke n ar e 
connecte d wit h menta l  representation s o f  th e situatio n 
th e chil d find s themsel f  locate d in .  Sinc e adul t  speec h 
include s a  Ijirg e numbe r  o f  reference s t o abstrac t  entities , 
and event s whic h occu r  outsid e th e immediat e experienc e 
of  th e chil d seekin g t o acquir e language ,  such  regularitie s 
whic h d o exis t  betwee n languag e an d menta d represen -
tation s wil l  b e cloude d b y th e "noise "  o f  languag e no t 
bein g use d t o refe r  t o mentall y represente d events .  O n 
th e othe r  hand ,  bot h prosodi c an d distributiona l  infor -
matio n i s (relatively )  explici t  i n th e soun d strea m itself , 
so thi s informatio n m a y b e use d t o infe r  linguisti c struc -
tur e fro m al l  adul t  speech ,  whateve r  it s subjec t  matter . 

Pinker's critique of distributional 

method s 

Pinker (1984, 1987) argues that distributional methods, 
an d i n particula r  th e approac h o f  Maratso s &  Chalkle y 
(1981) ,  suffe r  tw o fundamentei l  problem s whe n use d i n 
isolatio n (h e suggest s tha t  the y mus t  b e augmente d with 
additional ,  semanti c information) .  Hi s leamabilit y  argu -
ment  aim s t o establis h tha t  distributiona l  method s ar e 
injidequat e i n principle ,  an d hi s efficienc y eirgumen t  aim s 
t o sho w tha t  the y ar e unworkabl e i n practice . 

Leamability .  Sinc e distributio n method s wor k solel y 
by examinin g observe d utterances ,  the y d o no t  hav e ac -
ces s t o negativ e evidence ,  an d henc e inevitabl y ar e una -
bl e t o rul e ou t  overgenera l  model s o f  th e language .  "Th e 
chil d canno t  us e .. .  absenc e a s evidence ,  sinc e s o fa r  a s 
he o r  sh e i s concerne d th e ver y nex t  sentenc e coul d hav e 
[ a positiv e exsmiple] ,  eui d absenc e unti l  the n coul d hav e 
arise n fro m samplin g error ,  o r  a  paucit y o f  opportunitie s 
fo r  th e adul t  t o utte r  suc h sentences "  (Pinke r  1984:48 ) 

Efficiency .  Thi s ha s tw o aspects .  First ,  Pinke r  cleiim s 
tha t  ther e ar e to o m a n y possibl e distributiona l  relati -
ons tha t  ar e potentiall y  relevant ,  em d tha t  explorin g al l 
thes e possibilitie s i s combinatoriall y  intractable .  Second , 
he argue s tha t  distributiona l  method s ar e liabl e t o lea d 
t o inappropriat e generalizations :  "Th e chil d coul d hea r 
th e sentence s Joh n eat s meat ,  Joh n eat s slowl y an d th e 
meat  i s goo d an d the n conclud e tha t  th e slowl y i s goo d 
i s a  possibl e Englis h sentence. "  (Pinke r  1984:49) .  Mor e 
generally ,  Pinke r  argue s tha t  sinc e pertinen t  linguisti c 
generalization s ar e no t  couche d i n term s o f  simpl e dis -
tributiona l  propertie s suc h a s precedin g word ,  firs t  wor d 
i n sentence ,  an d s o on ,  inappropriat e generalization s ar e 
inevitable . 

We shal l  argu e tha t  neithe r  o f  thes e argument s ap -
pl y t o distributiona l  method s t o solv e th e bootstrappin g 
proble m fo r  natura l  language ,  an d presen t  a  rang e o f  si -
mulatio n result s whic h sho w tha t  considerabl e amount s 
of  informatio n abou t  bot h syntju:ti c  categories ,  an d th e 
th e categorie s o f  phrases ,  ca n b e derive d usin g a  distri -
butiona l  analysi s o f  a  large ,  noisy ,  unlabele d corpu s o f 
English . 

T h e leamabilit y  a r g u m e n t 

The leamability argument is that negative evidence is 
essentia l  t o rul e ou t  overgenera l  model s o f  th e language . 
I f  valid ,  thi s argumen t  woul d see m t o hav e extremel y 
disturbin g consequence s fo r  th e feasibilit y  o f  inductio n 
i n memy domains ,  no t  jus t  syntax .  I n particular ,  th e 
whol e o f  empirica l  scienc e i s buil t  exclusivel y o n "posi -
tiv e evidence" .  Ther e is ,  sifte r  all ,  n o oracl e whic h tell s 
th e physicist ,  chemis t  o r  biologis t  wha t  doe s no t  happen ; 
al l  tha t  th e scientis t  ca n d o i s observ e wha t  doe s hap -
pe n (whic h i s no t  th e sam e ever y tim e a  phenomeno n i s 
observed) ,  an d attemp t  t o accoun t  fo r  tha t  dat a a s wel l 
as possible .  Thus ,  accordin g t o Pinker' s account ,  th e 
languag e learne r  an d th e scientis t  ar e i n jus t  th e sam e 
predicsunent .  For  both ,  i t  i s  neve r  possibl e t o definiti -
vel y conclud e tha t  a  phenomeno n ca n b e rule d ou t  — 
th e fac t  tha t  i t  ha s no t  s o fa r  occurre d m a y indee d hav e 
arise n fro m samplin g error ,  o r  th e like .  Th e manifes t 
possibilit y  o f  scientifi c  enquir y suggest s tha t  th e leama -
bilit y  argumen t  canno t  b e valid ,  eithe r  i n general ,  o r  i n 
th e cas e o f  languag e learning . 

Specifically ,  th e proble m wit h th e leamabilit y  argu -
ment  i s tha t  i t  doe s no t  tak e accoun t  o f  th e fundamen -
tall y statistica l  characte r  o f  inductiv e inferenc e (whethe r 
thes e statistic s ar e compute d explicitly ,  o r  judge d intui -
tivel y b y th e learner) .  Inductiv e inferenc e involve s choo -
sin g a  mode l  o n th e basi s o f  a  finite  amoun t  o f  data ;  i t  i s 
not  possibl e t o find  a  mode l  whic h i s know n t o b e correct , 
becaus e ther e i s alway s th e possibilit y  o f  late r  falsifica -
tion ,  bu t  i t  i s  possibl e t o choos e th e mode l  whic h i s mos t 
probable ,  give n th e availabl e dat a (usin g Bayesia n sta -
tistica l  methods) ,  t o choos e th e mode l  whic h make s th e 
dat a mos t  likel y (usin g M a x i m u m Likelihoo d methods) , 
or  t o us e som e othe r  criterion .  Over-genera l  models , 
whic h Pinke r  assume s canno t  b e rule d ou t  withou t  ne -
gativ e evidence ,  ar e rejecte d a s highl y improbable ,  sinc e 
the y predic t  th e possibilit y  o f  (classe s of )  dat a whic h 
ar e neve r  observed. ^  Pinke r  correctl y describe s method s 
whic h us e th e non-occurrenc e o f  token s i n a  corpu s a s ne -
gativ e evidenc e a s bein g dependen t  o n th e learnin g me -
chanis m used ,  an d therefor e har d t o evaluate ,  bu t  doe s 
not  g o o n t o conclud e tha t  sinc e th e chil d certainl y doe s 
hav e a  learnin g mechanism ,  tha t  i t  migh t  wel l  maJc e us e 
of  non-occurrenc e a s negativ e evidence . 

For  example ,  t o retur n t o Pinker' s "slowly "  exampl e 
above ,  th e us e o f  naiv e method s i n distributiona l  analy -
si s migh t  indee d deriv e th e acceptabilit y  o f  "th e slowl y 
i s good "  fro m "Joh n eat s meat" ,  "Joh n eat s slowly "  an d 
"th e mea t  i s good" .  However ,  empirically ,  th e sequenc e 
" D E T A D V E R B - 1 IS "  i s abou t  7 0 time s les s likel y t o ap -
pear  tha n on e woul d expec t  fro m cheinc e i f  languag e wa s 
a rando m strea m wit h lexica l  item s appearin g i n propor -
tio n t o ho w the y actuedl y appeeur .  Here ,  " A D V E R B - l " 
i s  th e clas s o f  awiverb s whic h include s "slowly" ,  an d "IS " 
i s a  clas s whic h include s "is ,  was ,  are ,  were ,  has ,  have" . 
Th e non-appearanc e o f  thi s sequenc e i s indicativ e o f  a 
syntacti c constraint .  Consequently ,  th e non-occurrenc e 

'fo r  a  detaile d discussio n o f  inductiv e inferenc e withi n a 
Bayesiei n mode l  compariso n framework ,  se e Earma n 1992 . 
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of  a  sequenc e i n a  corpu s ca n fcJsif y (o r  make s muc h les s 
likely )  a  trivisi l  hypothetica l  grammar . 

Distributional methods can be efficient 

Althoug h ther e m a y b e n o reaso n tha t  distributiona l  me -
thod s shoul d no t  wor k i n principle ,  Tinker' s argumen t 
tha t  the y woul d b e impracticabl e ha s ye t  t o b e addres -
sed .  Th e bes t  wa y t o answe r  thi s poin t  i s  t o provid e a 
counterexample ,  wher e significan t  syntacti c structur e i s 
demonstrabl y uncovere d b y linguisticall y naiv e distribu -
tiona l  methods . 

I n Finc h &  Chate r  (1992) ,  w e propose d a  tentativ e so -
lutio n t o th e bootstrappin g proble m usin g distributiona l 
method s simila r  t o tha t  propose d b y Kis s (1972) .  I t  wa s 
a "mos t  frequen t  first"  approach ,  wher e th e mos t  fre -
quen t  word s appearin g i n a  larg e corpu s wer e clustere d 
accordin g t o th e similarit y o f  statistica l  measurement s 
of  th e lexica l  context s i n whic h the y featured .  Thi s i s 
i n lin e wit h th e vie w tha t  i t  i s  no t  initiall y  necessar y t o 
provid e a  theor y whic h account s fo r  th e acquisitio n o f  al l 
of  natura l  languag e i n orde r  t o solv e th e bootstrappin g 
problem ,  bu t  rathe r  jus t  a  significein t  par t  o f  it .  Th e re -
lation s 'las t  word' ,  'nex t  word' ,  'las t  wor d bu t  one '  an d 
'nex t  wor d bu t  one '  wer e use d a s th e basi s o f  thi s classi -
fication.  Althoug h th e method s use d wer e no t  thos e pro -
pose d b y Maratso s &  Chalkle y (1981) ,  th e spiri t  o f  th e 
enterpris e i s simila r  — find  som e relationship s whic h ar e 
highl y correlate d wit h syntacti c structure ,  an d us e thes e 
t o infe r  a  syntacti c classificatio n fo r  words .  I t  wa s foun d 
tha t  fo r  th e mos t  frequen t  200 0 words ,  a  highl y lingui -
sticall y perspicuou s classificatio n wa s uncovered ,  whic h 
feature d al l  o f  th e mai n wor d classes .  I t  remaine d t o ex -
ten d thi s schem e s o tha t  higher-leve l  syntacti c structur e 
coul d b e uncovered . 

Pinke r  argue s tha t  on e o f  th e mau n problem s wit h th e 
efficienc y o f  distributiona l  bootstrappin g i s tha t  ther e 
ai e potentiEill y  a  ver y larg e numbe r  o f  distributiona l  re -
lationship s whic h ca n b e use d t o uncove r  linguisti c struc -
ture .  Thi s m a y b e true ,  bu t  i t  woul d see m tha t  ver y sim -
pl e ones ,  onl y involvin g frequen t  adjacen t  words ,  suffic e 
t o uncove r  a  goo d approximatio n t o wor d classes .  Sinc e 
i t  i s  entirel y possibl e tha t  a  chil d coul d hav e innat e know -
ledg e abou t  wher e t o loo k fo r  linguisti c regularities ,  rat -
her  tha n abou t  th e precis e natur e o f  thes e regularitie s a s 
i s th e cas e wit h a  "universa l  grammar" ,  demonstratin g 
th e utilit y  o f  suc h simpl e bu t  informativ e relationship s 
fo r  distributiona l  bootstrappin g suggest s tha t  althoug h 
i t  ma y b e tru e i n genera l  tha t  distributiona l  bootstrap -
pin g i s har d fo r  th e reason s whic h Pinke r  argues ,  th e 
abstrac t  classe s i n natura l  languag e len d themselve s t o 
discover y b y thi s kin d o f  auialysis . 

Perhaps ,  tiien ,  on e ca n constrai n th e chil d t o tes t  fo r  cor -
relation s onl y amon g linguisticall y relevan t  properties . 
Ther e ar e tw o problem s wit h thi s move .  Firs t  o f  all , 
most  linguisticall y relevain t  propertie s ar e abstrac t  [eg . 
syntacti c categories ,  grammatica l  relation s etc. ]  ([thi s 
argument ]  owe s it s forc e t o th e fsic t  tha t  th e contrapo -
sitiv e (roughly )  i s  true :  th e propertie s tha t  th e chil d 
can detec t  i n th e inpu t  — suc h a s seria l  position s an d 
adjacenc y Ein d co-occurrenc e relation s amon g word s — 

ar e i n genera l  linguisticall y  irrelevant) .  Pinke r  198 4 
p49-5 0 

Whil e tru e i n general ,  fo r  distributiona l  technique s 
t o wor k th e relationshi p nee d onl y b e statisticall y re -
levant ,  i n tha t  th e relatio n i s reliabl y statisticall y corre -
late d wit h relevan t  linguisti c regularitie s i n rea l  speech . 
Thi s i s tru e fo r  man y perceptibl e relationship s (eg .  adja -
cenc y an d co-occurrenc e relation s (Finc h &  Chate r  1992 ; 
Finc h 1993 ;  Schultz e 1993) ,  seria l  positio n i n sentence s 
(eg .  Hughe s 1992) ,  an d probabl y m a n y more) . 

Th e res t  o f  thi s pape r  addresse s th e proble m o f  un -
coverin g syntacti c structur e a t  a  highe r  leve l  tha n jus t 
wor d classes .  Accordin g t o th e standar d view ,  th e re -
levan t  leve l  o f  linguisti c analysi s i s a  phras e base d one , 
wher e phrase s ar e structure d int o trees ,  an d ar e assig -
ned labels ,  suc h a s nou n phrase ,  prepositiona l  phrase , 
sentenc e an d th e like .  I s i t  possibl e t o infe r  classe s fo r 
sequence s o f  word s i n muc h th e sam e wa y a s w e di d fo r 
wor d classes ? I f  thi s i s th e case ,  thi s open s th e possibilit y 
tha t  a  lairge r  par t  o f  natura l  languag e ca n b e bootstrap -
ped b y a n unsupervised ,  no n language-specifi c  learnin g 
mechanis m tha n ha s previousl y bee n demonstrated ,  an d 
possibl y reduce s th e amoun t  o f  innat e knowledg e whic h 
i s neede d t o acquir e language .  I n orde r  t o sho w th e fea -
sibilit y  o f  usin g unsupervise d method s t o acquir e natura l 
language ,  w e presen t  a  thre e stag e hierarchica l  analysi s 
of  language .  First ,  a n initia l  classificatio n o f  word s i s 
derived ,  an d thi s classificatio n i s exploite d t o deriv e a 
classificatio n o f  shor t  (1 ,  2 ,  ?in d 3  word )  phrases .  The n 
thi s classificatio n i s use d t o deriv e a  syntacti c classifica -
tio n o f  longe r  phrases .  Th e nex t  sectio n describe s thi s 
process . 

Finding phrasal categories 

I n Finc h &  Chate r  (1992) ,  w e showe d ho w a  distribu -
tionj d analysi s coul d roughl y find  syntacti c categories . 
We collate d a  contingenc y tabl e o f  200 0 c o m m o n word s 
agains t  th e context s i n whic h the y appeare d i n a  ver y 
laxg e corpu s o f  Usene t  newsgrou p articles .  Th e contex t 
was simpl y define d t o b e th e precedin g tw o an d followin g 
tw o words .  T o kee p th e computation s tractable ,  atten -
tio n wa s restricte d t o contex t  word s whic h wer e amion g 
th e 15 0 mos t  c o m m o n word s observe d i n th e corpus .  Th e 
contex t  w e use d ca n therefor e b e though t  o f  a s fou r  vec -
tor s o f  15 0 dimensions ,  eac h dimensio n correspondin g t o 
one o f  th e 15 0 mos t  c o m m o n words .  T h e valu e o f  th e 
vecto r  i s the n give n b y th e numbe r  o f  time s th e foca J 
wor d appeare d i n th e relevan t  relatio n (i.e. ,  preceding , 
following ,  las t  bu t  one ,  nex t  bu t  one) .  A  definitio n o f  si -
milarit y betwee n observe d distribution s o f  context s wa s 
give n (th e Spearma n rsm k correlatio n coefficient) ,  an d 
a cluste r  analysi s performe d t o produc e a  hierarchica l 
ontolog y o f  th e words . 

By stoppin g th e hierarchica l  cluste r  analysi s afte r  onl y 
a certai n numbe r  o f  link s hav e bee n made ,  i t  i s  possibl e 
t o find  mzmy classification s o f  word s (ie .  partition s o f 
th e 200 0 ite m wor d set) .  W e stoppe d th e classificatio n 
when 50 0 categorie s remained ,  an d chos e th e 10 0 mos t 
c o m m on o f  thes e a s a  classificatio n o f  th e "frequen t  part " 
of  natura l  language .  Nearl y al l  o f  thes e categorie s corre -
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sponde d t o linguisticall y coheren t  categorie s o r  subclas -
ses o f  categories .  Thu s w e ende d u p wit h 10 0 categories , 
th e tw o mos t  c o m m o n o f  whic h were : 

CI the my your their his our its a an any some several 
anothe r  ever y thes e thos e suc h eac h n o man y mos t 
certai n 

C 2 o f  i n o n a t  fo r  wit h fro m b y int o throug h agains t 
abou t  betwee n withou t  unde r  withi n durin g vi a upo n 
toward s towar d acros s amon g beyon d regardin g 

The corpus can now be mapped from a sequence of 
lexica l  item s t o a  sequenc e o f  C-leve l  categories .  Fo r  ex -
ample ,  ever y occurrenc e o f  "the "  woul d b e replace d b y 
"CI" .  Sequence s o f  lengt h 1 ,  2 ,  an d 3  o f  thes e C-leve l 
categorie s wer e searche d fo r  i n a  larg e corpus ,  an d th e 
300 0 mos t  c o m m o n suc h sequence s wer e chose n fo r  dis -
tributiona l  emcJysis .  Thi s tim e th e contex t  wa s define d 
t o b e th e fou r  surroundin g categorie s rathe r  tha n th e 
fou r  surroundin g words .  Agsu n a  cluste r  analysi s wa s 
performed ,  an d agai n thi s wa s terminate d whe n 7 5 % o f 
th e link s hel d bee n made ,  resultin g i n a  classificatio n o f 
shor t  sequence s (XI ,  X 2 ,  ... ,  X150) .  Severa l  o f  thes e 
X-leve l  shor t  sequence s ha d interestin g linguisti c inter -
pretations .  Fo r  instance ,  one ,  whic h containe d abou t 
80 shor t  sequences ,  seeme d t o correspon d t o shor t  nou n 
phrases ,  i n tha t  i n ne w tex t  the y corresponde d t o wor d 
sequence s suc h as' ^  it ,  th e apparen t  size ,  eac h article ,  th e 
mother ,  th e rea l  data ,  a  scientifi c  theory .  Anothe r  cate -
gor y corresponde d t o part s o f  th e ver b t o be ,  includin g 
as exemplar s ha s been ,  wil l  hav e been ,  is ,  are ,  migh t  be , 
an d s o on .  Othe r  linguisticall y perspicuou s classe s in -
clud e prepositiona l  phrases ,  n-ba r  phrases ,  an d part s o f 
th e ver b t o have .  Ther e ar e m a n y linguisticall y imper -
spicuou s categories ,  however ,  bu t  m a n y o f  thes e corre -
spon d t o apparentl y coheren t  classes ,  eve n thoug h mos t 
linguist s woul d no t  us e them .  Fo r  instance ,  on e clas s 
include s th e to p of ,  th e nam e of ,  th e perso n with ,  an d s o 
on.  Anothe r  one ,  whic h wa s picke d a t  random ,  include s 
use the ,  iLs e a t  the ,  brea k int o these ,  ad d an .  Thi s isn' t 
a perspicuou s category ,  bu t  i f  a  nou n phras e lackin g a 
determine r  i s added ,  i t  become s a  simpl e ver b phrase . 
Thi s observatio n clearl y suggest s th e nex t  stag e i n th e 
analysis ,  whic h i s t o cluste r  togethe r  sequence s o f  thes e 
categorie s t o find  stil l  highe r  leve l  structure . 

Sequence s o f  thes e X-leve l  shor t  sequence s o f  lengt h 1 
an d 2  wer e searche d fo r  i n a  larg e corpus .  Th e 300 0 mos t 
c o m m on o f  thes e sequence s wer e chose n fo r  analysis ,  an d 
thi s tim e th e contex t  wa s th e se t  o f  th e surroundin g fou r 
X-leve l  categories .  Sinc e ther e ar e m a n y way s t o pars e 
a strea m o f  word s int o X-leve l  categories ,  eac h foca l  se -
quenc e ca n hav e m a n y differen t  context s associate d wit h 
i t  (a s oppose d t o 1  fo r  th e procedur e above) .  Fo r  exam -
ple ,  th e sequenc e 

The bi g blac k do g 
ca n b e peirse d i n m a n y ways .  I n particular ,  i f  eac h 

constituen t  o f  th e pars e i s t o b e a  shor t  sequenc e (o f 

lengt h 1 ,  2 ,  o r  3) ,  thi s phras e ca n b e represente d b y la -
bele d bracketing s o f  shor t  sequence s i n 7  ways :  (X81 : 
The)(X32 :  big)(X32 :  black)(X36 :  dog) ;  (X81 :  Th e 
big)(X32 :  black)(X36 :  dog) ;  (X81 :  the)(X32 :  bi g 
black)(X36 :  dog) ;  (X81 :  the)(X32 :  big)(X36 :  blac k 
dog) ;  (X81 :  Th e bi g black)(X36 :  dog) ;  (X81 :  the)(X36 : 
bi g blac k dog) ;  (X81 :  Th e big)(X36 :  blac k dog) .  Eac h 
th e 7  labele d bracketing ,  o r  parse ,  correspond s t o a  se -
quenc e o f  X-leve l  categories :  i n thi s case ,  th e sequence s 
ar e X8 1 X 3 2 X3 2 X36 ;  X8 1 X 3 2 X36 ;  X8 1 X3 2 X36 ;  X8 1 
X 32 X36 ;  X8 1 X36 ;  X8 1 X36 ;  X8 1 X36 . 

I f  "th e bi g blac k dog "  wa s th e lef t  contex t  o f  a n ite m o f 
interest ,  the n althoug h th e immediatel y precedin g cate -
gor y i s alway s X3 6 (th e las t  categor y o f  an y pars e o f  "th e 
bi g blac k dog" ,  th e las t  bu t  on e categor y i s eithe r  X8 1 
(nou n pre-modifie r  wit h determiner )  o r  X 3 2 (nou n pre -
modifie r  withou t  determiner) .  Thu s w e ca n construc t 
th e contingenc y tabl e o f  shor t  phrase s agains t  thei r  con -
texts ,  an d defin e th e similarit y o f  tw o phrase s t o b e som e 
statistica l  measur e o f  similarit y betwee n thei r  contexts . 
For  this ,  w e use d th e Spearma n ran k correlatio n Coeffi -
cient ,  sinc e i t  i s  know n t o b e powerfu l  i n circumstance s 
wher e linea r  correlatio n i s not . 

A corpu s o f  abou t  1 0 millio n word s wa s use d t o con -
struc t  th e contingenc y table ,  an d agai n a  singl e lin k clu -
ste r  analysi s wa s performe d an d terminate d whe n 7 5 % 
of  th e link s ha d bee n made .  Th e example s give n ax e 
randoml y sample d from a  pjirs e o f  som e USENET news -
grou p article s whic h wer e no t  par t  o f  th e corpu s use d t o 
infe r  th e classification .  Ther e i s a  bia s toward s longe r  ex -
emplars ,  mainl y t o avoi d repetitio n o f  shor t  exemplars . 
Figur e 1  show s som e example s o f  wor d sequence s foun d 
t o b e i n fou r  o f  th e phrasei l  classe s whic h wer e th e resul t 
of  thi s operation. ^ 

As ca n b e see n fro m thi s figure,  th e classificatio n o s 
not  entirel y accurate ,  bu t  remembe r  tha t  ou r  goa l  i s  no t 
t o find a  correc t  classificatio n o f  languag e immediately , 
but  rathe r  t o find  significan t  amount s o f  structur e whic h 
ca n late r  b e refine d b y othe r  method s whic h migh t  mak e 
use o f  semanti c an d prosodi c information .  M a n y o f  th e 
classe s ar e ove r  9 0 % accurate .  Consequently ,  thi s con -
stitute s significan t  evidenc e agains t  th e assertio n tha t 
i t  i s  no t  possibl e t o efficientl y infe r  significan t  linguisti c 
structur e from  distributiona l  technique s alone . 

Conclusions 

Distributiona l  method s hav e bee n demonstrate d t o b e 
quit e powerfu l  a t  uncoverin g significan t  linguisti c struc -
tur e a t  m a n y level s i n natura l  language ,  and ,  moreover , 
hav e bee n abl e t o d o thi s withou t  exploitin g sophistica -
te d knowledg e abou t  th e natur e o f  th e regularitie s pre -
sen t  i n natura l  language .  I n particular ,  w e hav e demon -
strate d th e relativ e eas e o f  distributionall y bootstrap -

^Al l  th e example s give n ar e raindoml y take n from a  tex t 
not  include d i n th e corpu s use d fo r  categorisation .  Ther e 
i s a  preferenc e towjird s longe r  example s (mainl y t o avoi d 
repetition) . 

^Thi s i s a  selectio n o f  fou r  classe s from  10 0 o r  s o classe s w e 
coul d hav e chosen .  Som e o f  th e classe s wer e no t  s o linguisti -
call y coherent .  Fo r  example ,  on e o f  th e classe s corresponde d 
t o subject-l-verb ,  whic h i s no t  usuall y considere d a  consti -
tuent .  I n general ,  mos t  o f  th e categorie s woul d b e conside -
re d largel y coheren t  i n a  categoria l  o r  dependenc y gramma r 
(Barr y &  Pickerin g 1992) . 
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Simpl e Sentences :  wha t  i s a  context ,  that' s a  diffe -
ren t  story ,  yo u wil l  als o receiv e a  copy ,  w e coul d hol d 
some events ,  yo u mus t  continue ,  w e hav e th e chance , 
some groups  hav e n o names ,  yo u star t  out ,  yo u hav e 
any problems ,  th e projec t  shoul d work ,  th e ol d versio n 
i s stil l  available ,  I  thin k it ,  I  wil l  hav e th e car ,  yo u 
ar e standing ,  there' s alway s th e chance ,  I  kep t  them ,  i t 
woul d b e appropriate ,  I  thin k there' s a  piece ,  ther e i s 
a frenc h cultur e office ,  I  woul d argue ,  i t  i s  called ,  th e 
bar  coul d b e seen ,  it' s  ok ,  th e conferenc e i s over ,  I  wa s 
talkin g t o a  friend . 
Ver b Phrases :  giv e away ,  pic k the m up ,  bu y som e au -
di o tapes ,  sugges t  a  company ,  hav e a  ne w boo k an d ma -
nual ,  ge t  awa y fro m it ,  as k the m t o chang e th e entry , 
chang e th e entry ,  thin k th e world ,  can' t  remembe r  wha t 
day ,  go t  nothing ,  disagree ,  d o something ,  loo k aroun d 
fo r  people ,  go ,  eve n understan d th e questions ,  reall y 
want  a n argument ,  b e appropriate ,  nee d t o mov e out , 
get  th e information ,  tr y t o sen d them ,  kno w o f  a  place , 
live ,  rea d abou t  them ,  don' t  hav e m y copy ,  ge t  t o th e 
question ,  ge t  bac k o n this ,  tel l  this ,  mak e them ,  g o aro -
und ,  chang e th e subject ,  kno w it ,  cal l  th e previou s ow -
ner ,  giv e th e n a m e o f  thei r  version ,  believ e tha t  thei r 
version ,  can' t  se e anything ,  hav e t o hav e messages . 
N o u n Phrases :  th e situatio n theor y an d it s applicati -
ons ,  th e natura l  languag e group ,  som e sor t  o f  code ,  thi s 
sinc e it ,  a  ne w referenc e t o th e database ,  thei r  hands , 
th e ba r  wit h thei r  parents ,  tha t  day ,  th e logica l  struc -
tur e o f  natura l  languages ,  m e fo r  a  game ,  i t  o n line ,  a 
case ,  som e o f  m y stuff ,  a  chang e o f  date ,  wha t  parts ,  th e 
right s t o them ,  th e numbe r  one ,  th e en d o f  th e world , 
th e mone y o n a  government ,  th e n a m e o f  product ,  so -
methin g similar ,  a  fail y  norma l  life ,  a  do g t o th e club , 
th e poin t  wher e it ,  wha t  number ,  som e area s this ,  tha t 
way,  th e attention ,  tha t  names ,  tha t  name s an d re -
ferences ,  man y o f  th e goo d responses ,  severa l  friend s 
i n this ,  severa l  friend s i n thi s area ,  an y o f  th e abov e 
equipment ,  anothe r  i n you r  opinion . 
Infinitiva l  C o m p l e m e n t s :  t o accep t  thi s attitude ,  t o 
allo w lase r  printer ,  t o b e abou t  her ,  t o b e a t  a n end ,  t o 
buy more ,  t o cal l  them ,  t o chang e th e name ,  t o com e 
up,  t o fin d th e problem ,  t o ge t  a  piece ,  t o ge t  m e back , 
t o ge t  ove r  it ,  t o hav e a  baby ,  t o hea r  more ,  t o kee p 
it ,  t o leav e a n engine ,  t o mentio n me ,  t o mentio n th e 
group s i n question ,  t o pa y th e hig h prices ,  t o pla y them , 
t o rea d i n th e shel l  window ,  t o replac e th e include ,  t o 
ru n thei r  ow n bbs ,  t o start ,  t o star t  a  discussion ,  t o 
tak e it ,  t o tak e ove r  th e world ,  t o tak e thi s out ,  t o us e 
th e drive ,  t o us e th e ol d mode ,  t o wai t  fo r  th e music , 
t o writ e th e software ,  t o hav e brough t  it . 

Figur e 1 :  Thi s figure  show s som e toke n sequence s o f 
fou r  o f  th e phrasa l  classe s foun d b y empiricall y cluste -
rin g wor d sequence s accordin g t o th e similarit y o f  thei r 
context s o f  occurrence . 

pin g abstrac t  linguisti c entitie s includin g approximation s 
t o al l  wor d classes ,  relativel y simpl e nou n phrases ,  ver b 
phrases ,  prepositiona l  phrase s an d sentences .  Althoug h 
much 'fin e grain '  structur e i n natura l  language ,  suc h a s 
ver b subcategorisatio n frames,  ha s no t  bee n demonstra r 
ted ,  i t  i s  entirel y plausibl e tha t  mor e sophisticate d va -
riant s o f  th e method s describe d her e wil l  b e capabl e o f 
finding  suc h regularities* . 

Of  course ,  thi s wor k i s ver y fa r  fro m demonstratin g 
th e feasibilit y  o f  th e entirel y unsupervise d acquisitio n o f 
natura l  language .  I n particular ,  i t  doe s no t  eve n ad -
dres s issue s concerne d wit h parsing ,  suc h a s determinin g 
th e phras e structur e o f  a  sentence ,  no r  doe s i t  directl y 
addres s th e fundamenta l  questio n o f  languag e learning : 
H ow ca n a n agen t  lear n a  generativ e g r a m m a r  iro m a  cor -
pus ,  rathe r  tha n jus t  a  classificatio n o f  som e rathe r  shor t 
phrases .  Thes e question s ar e th e subjec t  o f  ongoin g re -
search ,  a s i s th e relationshi p betwee n distributiona l  an d 
semanti c bootstrapping .  I t  woul d b e surprisin g i f  bot h 
distributiona l  an d semzmti c criteri a wer e no t  use d b y a 
chil d learnin g lemguage ,  sinc e bot h distributiona l  an d 
semanti c regularitie s ar e potentiall y  readil y availabl e t o 
children ,  an d bot h ar e informativ e o f  syntacti c struc -
tur e an d henc e ca n b e expecte d t o ai d th e chil d i n thei r 
aquisitio n o f  syntax .  T h e sam e i s tru e fo r  prosodi c in -
formation . 

Othe r  question s fo r  furthe r  researc h includ e demon -
stratin g th e efficac y o f  thi s approax: h usin g corpor a o f 
'caregive r  data '  (se e Redington ,  Chate r  &  Finch ,  1993) , 
an d demonstratin g th e portabilit y  o f  thi s metho d fo r  un -
coverin g structur e t o othe r  languages .  Thi s researc h ca n 
continu e whe n ver y larg e corpor a from  thes e domain s 
become available .  Fo r  example ,  th e CHILDE S database , 
at  jus t  ove r  2  millio n words ,  whil e larg e enoug h t o find a 
roug h initia l  classificatio n o f  words ,  i s  to o smal l  t o appl y 
th e technique s describe d her e i n full . 

I n othe r  languages ,  m a n y o f  th e grammatica l  regulari -
tie s indicate d i n Englis h b y wor d orde r  ar e mor e reliabl y 
indicate d b y variou s morphologicai l  regularitie s (eg .  cas e 
markin g an d s o on) .  Ther e i s n o reaso n w h y th e genera l 
metho d describe d her e should  b e restricte d t o exploitin g 
word-sequenc e regularities ,  an d othe r  source s o f  regu -
larity ,  suc h a s inflectiona l  ending ,  an d s o on ,  migh t  b e 
exploite d t o deriv e hierarchica l  structure .  However ,  i t 
shoul d als o b e note d tha t  eve n fo r  thes e languages ,  wor d 
orde r  i s stil l  probabl y highl y informativ e o f  syntacti c ca -
tegory ,  s o th e method s use d her e m a y wor k wel l  eve n 
wit h thes e languages . 
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