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Segment in g Speec h withou t  a  Lexicon : 

Evidenc e fo r  a  Bootstrappin g M o d e l  o f  Lexica l  Acquisitio n 

Timothy A. Cartwright and Michael R. Brent 
Departmen t  o f  Cognitiv e Scienc e 
The John s Hopkin s Universit y 

340 0 Nort h Charle s Stree t 
Baltimore ,  Marylan d 2121 8 

c a t @ m a i l . c o g . j h u . e d u 

Abstrac t 

Infants face the difficult problem of segmenting continuous 
speec h int o word s withou t  th e benefi t  o f  a  full y develope d 
lexicon .  Severa l  informatio n source s i n speech—prosody , 
semanti c correlations ,  phonotactics ,  an d s o on—migh t  hel p 
infant s solv e thi s problem .  Researc h t o dat e ha s focuse d o n 
determinin g t o whic h o f  thes e informatio n source s infant s 
migh t  b e sensitive ,  bu t  littl e wor k ha s bee n don e t o determin e 
th e usefulnes s o f  eac h source .  Th e compute r  simulation s 
reporte d her e ar e a  firs t  attemp t  t o measur e th e usefulnes s o f 
distributiona l  an d phonotacti c informatio n i n adult -  an d child -
directe d speech .  Th e simulation s hypothesiz e segmentation s o f 
speec h int o words ;  th e bes t  segmentatio n hypothesi s i s selecte d 
usin g th e Minimu m Descriptio n Lengt h paradigm .  Ou r  result s 
indicat e tha t  whil e ther e i s som e usefu l  informatio n i n bot h 
phoneme distribution s an d phonotacti c rules ,  th e combinatio n 
of  bot h source s i s mos t  useful .  Further ,  thi s combinatio n o f 
informatio n source s i s mor e usefu l  fo r  segmentin g child -
directe d speec h tha n adult-directe d speech .  Th e implication s o f 
thes e result s  fo r  theorie s o f  lexica l  acquisitio n ar e discussed . 

I n t r oduc t i o n 

Infant s mus t  lear n t o recogniz e phonemi c sequence s a s words ; 
thi s  i s a  difficul t  proble m becaus e norma l  speec h contain s n o 
obviou s acousti c cue s markin g wor d boundaries .  T w o source s 
of  informatio n tha t  migh t  ai d speec h segmentatio n are : 
distributio n — t h e p h o n e m e sequenc e i n ca t  appear s 
frequentl y i n severa l  context s includin g thecal ,  cat s an d 
catnap ,  wherea s th e sequenc e i n cat n i s rar e an d appear s i n 
restricte d contexts ;  an d phonotactics—ca r  i s a n acceptabl e 
syllabl e i n English ,  wherea s pea t  i s  not .  Whil e evidenc e exist s 
tha t  infant s ar e sensitiv e t o thes e sources ,  w e kno w o f  n o 
measurement s o f  thei r  usefulness .  I n thi s paper ,  w e attemp t  t o 
quantif y th e usefulnes s o f  distributio n an d phonotactic s i n 
segmentin g child -  an d adult-directe d speech .  O u r  result s 
sho w tha t  phonotactic s an d distributio n eac h provid e som e 
informatio n fo r  speec h segmentation ,  bu t  th e combinatio n o f 
source s provide s substantia l  information .  W e als o foun d tha t 
child-directe d speec h i s m u c h easie r  t o segmen t  tha n adult -
directe d speec h w h e n usin g bot h sources . 

T o date ,  psychologist s hav e focuse d o n tw o aspect s o f  th e 
speec h segmentatio n problem .  T h e first  i s  th e proble m o f 
parsin g continuou s speec h int o word s give n a  develope d 
lexico n t o whic h incomin g sound s ca n b e matched ;  bot h 

psychologist s (e.g. .  Cutle r  &  Carter ,  1987 ;  Cutle r  & 
Butterfield ,  1992 )  an d designer s o f  speech-recognitio n 
system s (e.g. .  Church ,  1987 )  hav e examine d thi s problem . 
However ,  w e wan t  t o k n o w h o w infant s segmen t  speec h 
befor e knowin g th e phonemi c form s o f  words .  Th e secon d 
aspec t  psychologist s hav e focuse d o n i s th e proble m o f 
determinin g th e informatio n source s t o whic h infant s ar e 
sensitive .  Th e tw o source s tha t  hav e bee n examine d mos t 
ofte n are :  prosod y an d wor d stress .  Result s sugges t  tha t 
parent s exaggerat e prosod y i n child-directe d speec h t o 
highligh t  importan t  word s (Femal d &  Mazzie ,  1991 ;  Aslin , 
Woodward ,  LaMendol a &  Bever ,  i n press )  an d tha t  infant s 
ar e sensitiv e t o prosod y (e.g. ,  Hirsh-Pase k e t  al. ,  1987) . 
Furthermore ,  wor d stres s i n Englis h fairl y  accuratel y predict s 
th e locatio n o f  wor d beginning s (Cutle r  &  Norris ,  1988 ; 
Cutle r  &  Butterfield ,  1992) ,  an d Jusczyk ,  Cude r  an d Redan z 
(1993 )  demonstrate d tha t  Englis h speakin g 9-month-old s (bu t 
no t  6-month-olds )  ar e sensitiv e deviation s fro m th e 
predominan t  strong/wea k wor d stres s patter n o f  English . 
Sensitivit y t o native-langtiag e phonotactic s i n 9-month-<Jd s 
was recentl y reporte d b y Jusczyk ,  Friederici ,  Wessels , 
Svenkeru d an d Jusczy k (1993) .  Thes e studie s demonstrat e 
infants '  perceptiv e abilitie s withou t  demonstratin g th e 
usefulnes s o f  thei r  perception s 

I n thi s paper ,  w e measur e th e potentia l  role s o f  distribution , 
phonotactic s an d thei r  combinatio n usin g a  computer -
simulate d learnin g algorithm ;  th e simulatio n i s base d o n a 
bootstrappin g mode l  i n whic h phonotacti c knowledg e i s use d 
t o constrai n th e segmentatio n o f  speec h int o words . 

H o w d o childre n combin e th e informatio n the y perceiv e 
fro m differen t  sources ? Asli n e t  al .  speculat e tha t  infant s lear n 
word s first  i n isolation ,  the n i n contex t  usin g distributio n an d 
prosod y t o refin e thei r  guesses ;  however ,  Jusczy k (1993 ) 
expresse s skepticis m abou t  thi s proposal .  O n e obviou s 
proble m with  thi s suggestio n i s tha t  infant s mus t  kno w whe n 
the y ar e hearin g single-wor d utterances—thi s m a y b e jus t  a s 
difficul t  a s learnin g t o segmen t  multiple-wor d utterances . 

I n orde r  t o us e compute r  simulations ,  i t  i s  necessar y t o 
m a ke certai n assumption s abou t  th e for m o f  th e input .  W e 
hav e trie d t o m a k e assumption s tha t  ar e a t  leas t  consisten t 
with ,  an d ofte n motivate d by ,  researc h o n huma n infants .  Fo r 
instance ,  th e inpu t  t o ou r  syste m i s represente d a s a  sequenc e 
of  phonemes ;  thi s wa s a  pragmati c decisio n an d w e d o no t 
clai m tha t  infant s conver t  speec h int o phonem e sequence s 
durin g th e segmentatio n process .  O n th e othe r  hand ,  researc h 
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by Kuh l  (e.g. ,  Griese r  &  Kuhl ,  1989 )  suggest s tha t  infant s 
may b e abl e t o m a k e phonemi c distinctions ,  s o thi s 
assumptio n i s a t  leas t  a  plausibl e one .  Eve n i f  infant s d o no t 
use phonemi c distinction s t o segmen t  speech ,  w e believ e ou r 
syste m wil l  wor k give n othe r  representation s a s wel l  — i n fact , 
a narrowe r  (phonetic )  transcriptio n syste m migh t  eve n hel p 
th e syste m (i f  Church ,  1987 ,  i s  right) .  Sinc e sentenc e 
boundarie s provid e som e informatio n abou t  wor d boundarie s 
(th e en d o f  a  sentenc e i s als o th e en d o f  a  word) ,  ou r  inpu t 
contain s sentenc e boundaries ;  severa l  studie s (Bemstein -
Ratner ,  1985 ;  Hirsh-Pase k e l  al. ,  1987 ;  Kemle r  Nelson , 
Hirsh-Pasek ,  Jusczy k &  Wrigh t  Cassidy ,  1989 ;  Jusczy k e t  al. , 
1992 )  hav e show n tha t  infant s ca n perceiv e sentenc e 
boundarie s usin g prosodi c cues .  However ,  Fishe r  an d Tokur a 
(i n press )  foun d n o evidenc e tha t  prosod y ca n accuratel y 
predic t  wor d boundaries ,  s o th e tas k o f  findin g word s 
remains .  Finally ,  on e migh t  questio n whethe r  infant s hav e th e 
abilit y  w e ar e tryin g t o model—tha t  is ,  whethe r  the y ca n 
identif y word s embedde d i n sentences ;  Jusczy k an d Asli n 
(submitted )  foun d tha t  7  1/2-month-old s can . 

I t  mus t  b e emphasize d tha t  w e di d no t  tr y t o mode l  infan t 
behavior .  Ou r  simulation s abstrac t  awa y fro m th e child' s 
computationa l  limitations ,  suc h a s limite d short-ter m 
memory,  i n orde r  t o focu s o n characteristic s o f  th e input . 

Introduction to the Simulations 

The basic results of our experiments come from two 
variation s o f  a  speec h segmentin g simulation :  on e whic h onl y 
analyse s distributiona l  informatio n an d on e whic h analyse s 
distributiona l  informatio n a s constraine d b y phonotacti c 
knowledge . 

To gai n a n intuitiv e understandin g o f  distributiona l 
analysis ,  conside r  th e followin g speec h sampl e o f  thre e 
utterance s (transcriptio n i s i n IPA) : 

Orthography : Do yo u se e th e kitty ? 
See th e kitty ? 
Do yo u lik e di e kitty ? 

Transcription :  dujusidskit i 
sidskit i 
dujulaikdskit i 

There are many different ways to break this sample into 
putativ e word s (eac h particula r  segmentatio n i s calle d a 
segmentatio n hypothesis) .  T w o suc h hypothese s are : 

Segmentation 1: du ju si da kiti 
si  6 3 kit i 
du j u lai k d s kit i 

Segmentation 2: duj us id skit i 
si 6 a k it i 
d u Ju l  ai k da k it i 

Listing the words used by each segmentation hypothesis 
yield s th e followin g lexicons : 

1 
2 

1 
2 
3 
4 

d u 
da 

ai k 
du 
du j 
da k 

Segmentatio n 1 

3 kit i  5 
4 lai k 6 

Segmentatio n 2 

5 a k 9 
6 aki t  1 0 
7 i  1 1 
8 i d 1 2 

si 

j u 

It i 
Jul 
si d 
us 

Not e tha t  Segmentatio n 1 ,  th e correc t  hypothesis ,  yield s a 
compact  lexico n o f  frequen t  words ,  wherea s Segmentatio n 2 
yield s a  muc h large r  lexico n o f  infrequen t  words .  Als o not e 
tha t  a  lexico n contain s onl y di e word s use d i n th e sample—n o 
word s ar e know n t o th e syste m a  priori .  Give n a  lexicon ,  th e 
sampl e ca n b e represente d b y replacin g word s wit h thei r 
lexica l  indices : 

Bicoded Sample 1: 16 5 2 3 
5 2  3 
1 6 4  2  3 

Bicode d Sampl e 2 : 2 1 2 6  4  5 
11 3  8 
1 9  1 0 7  8 

The syste m attempt s t o fin d th e hypothesi s tha t  minimize s th e 
combine d size s o f  th e lexico n an d encode d sample .  Thi s 
approac h i s calle d th e M in imm n Descriptio n Lengt h ( M D L ) 
paradig m an d ha s bee n used  recentl y i n othe r  domain s t o 
analyz e distributiona l  informatio n (L i  &  Vit^yi ,  1993 ; 
Rissanen ,  1978 ;  HUson ,  1992,1994 ;  Quinla n &  Rivest ,  1989 ; 
Brent ,  1993) .  T h e actua l  syste m use s mor e comple x 
representation s fo r  th e lexico n an d th e encode d sampl e tha t 
describ e the m mor e briefly .  Fo r  instance ,  th e actua l 
representation s assig n shorte r  indice s t o frequen t  word s tha n 
t o infrequen t  words ,  thu s reducin g th e tota l  numbe r  o f  digit s 
i n th e encode d sample .  Fo r  details ,  se e Cartwrigh t  an d Bren t 
(1994) . 

The spac e o f  possibl e hypothese s i s vas t  (fo r  ou r  samples , 
imconstraine d b y phonotactics ,  ther e ar e abou t  2. 5 x  1 0 ^ 
hypotheses) ;  som e metho d o f  findin g a  minimum-lengt h 
hypothesi s withou t  considerin g al l  hypothese s i s necessary . 
We used  th e followin g method :  first ,  evaluat e th e inpu t 
sampl e wit h n o wor d boundarie s added ;  the n evaluat e al l 
hypothese s obtaine d b y addin g tw o wor d boundaries ;  tak e th e 
shortes t  hypothesi s foun d i n th e previou s ste p an d evaluat e al l 
hypothese s obtaine d b y addin g tw o mor e wor d boimdaries ; 
continu e thi s wa y unti l  th e sampl e ha s bee n segmente d int o 
th e smalles t  possibl e units ;  finally ,  repor t  th e shortes t 
hypothesi s eve r  found . 

I n som e experimenta l  conditions ,  phonotacti c rule s restric t 
th e lega l  segmentatio n hypothese s b y preventin g wor d 
boundarie s a t  certai n places ;  fo r  instance ,  /kaetspaz /  ("cat' s 
paws" )  ha s si x interna l  potentia l  wor d boundarie s ( k aetspoz , 
kae tspoz ,  etc.) ,  onl y tw o o f  whic h ar e phonotacticall y 
allowe d (kae t  spo z an d kaet s poz) . 
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E x p e r i m e n t s 

We compare d result s fro m simulation s o f  tw o basi c 
experimenta l  conditions :  a n analysi s o f  distributiona l 
informatio n alon e (Dist-Fri,e )  an d a n analysi s o f 
distributiona l  informatio n constraine d b y phonotacti c 
restriction s (Dist-Phono) .  Eac h simulatio n wa s ni n o n eac h 
of  si x samples ,  fo r  a  tota l  o f  twelv e Dis t  runs .  Finally ,  tw o 
othe r  simulation s wer e n m o n eac h sampl e t o measur e chanc e 
performance :  (1 )  Rand-Fre e randoml y inserte d wor d 
boundarie s an d reporte d th e resultin g hypothesis ,  (2 )  Rand -
Phono di d th e sam e rando m insertion s subjec t  t o th e sam e 
phonotacti c constraint s a s i n Dist-Phono .  Sinc e th e Ran d 
simulation s wer e give n th e numbe r  o f  wor d boundarie s t o ad d 
(equa l  t o th e numbe r  o f  wor d boundarie s neede d t o produc e 
th e natura l  Enghs h segmentation) ,  thei r  performanc e i s a n 
uppe r  boun d o n chance .  I n contrast ,  th e Dis t  simulation s mus t 
determin e th e numbe r  o f  wor d boundarie s t o ad d usin g M D L 
evaluations .  Finally ,  th e reporte d result s fo r  eac h Ran d 
simulatio n ar e th e average s compute d ove r  1,00 0 trial s o n th e 
same inpu t  sample . 

Inputs 

T wo speec h sample s fro m eac h o f  thre e subject s wer e use d i n 
th e simulations ;  i n on e sampl e a  mothe r  wa s speakin g t o he r 
daughte r  an d i n th e other ,  th e sam e mothe r  wa s speakin g t o 
th e researcher .  Th e sample s wer e take n fro m th e C H I L D E S 
databas e (MacWhinne y &  Snow ,  1990 )  fro m smdie s reporte d 
i n Bernstei n (1982) .  Eac h sampl e wa s checke d fo r  consisten t 
wor d spelling s (e.g. ,  't s  wa s change d t o its) ,  the n transcribe d 
int o a n ASCII-base d phoneti c representatio n i n a  manne r  tha t 
guarantee d tha t  eac h occurrenc e o f  a  wor d wa s transcribe d 
identically .  Th e transcriptio n syste m parallele d th e IP A 
alphabe t  an d use d on e characte r  fo r  eac h consonan t  an d 
vowel ;  dipnthongs ,  r-colore d vowel s an d syllabi c consonant s 
wer e eac h represente d a s on e character .  Fo r  example ,  "boy " 
was writte n a s b 7 ,  "bird "  a s b R d an d "label "  a s l ebL . 
Sampl e length s wer e selecte d t o mak e th e numbe r  o f  potentia l 
wor d boundarie s nearl y equa l  (abou t  1,350 )  w h e n n o 
phonotacti c constraint s wer e applied ;  child-directe d sample s 
had 498-53 6 token s an d 153-16 6 types ,  adult-directe d 

sample s ha d 443-48 4 token s an d 196-20 5 types .  Phonotacti c 
constraint s wer e give n t o th e progra m a s a  lis t  o f  lici t 
beginning s (onsets )  an d end s (codas )  o f  Enghs h syllables ;  thi s 
lis t  wa s checke d agains t  al l  si x sample s s o tha t  th e lis t  wa s 
maximall y permissiv e (e.g. ,  th e underiine d consonan t  cluste r 
i n explor e coul d b e divide d a s ek-splor e o r  eks-plore) .  Finally , 
befor e th e sample s wer e fe d t o th e simulations ,  division s 
betwee n word s (bu t  no t  betwee n sentences )  wer e removed . 

Results 

Results are given in Table 1 below. Each simulation was 
score d fo r  th e numbe r  o f  correc t  wor d boundarie s inserted ,  a s 
compare d t o th e natura l  Englis h segmentation .  Fro m th e 
scorin g data ,  tw o measure s o f  segmentatio n performanc e 
wer e computed :  completeness ,  th e percen t  o f  al l  correc t  wor d 
boundarie s tha t  wer e actuall y found ;  an d accuracy ,  th e 
percen t  o f  th e hypothesize d wor d boundarie s tha t  wer e 
actuall y correct .  Mor e specifically ,  completenes s wa s define d 
as th e nimibe r  o f  correctl y inserte d wor d boundarie s (hit s o r 
tru e positives )  divide d b y th e numbe r  o f  correc t  wor d 
boundarie s (hit s plu s misses,  o r  tru e positive s plu s fals e 
negatives) ;  accurac y wa s define d a s th e numbe r  o f  correctl y 
inserte d wor d boundarie s (hit s o r  tru e positives )  divide d b y 
th e tota l  numbe r  o f  inserte d wor d boundarie s (hit s plu s fals e 
alarms ,  o r  tru e positive s plu s fals e positives) .  Not e tha t  ther e 
i s a  trade-of f  betwee n completenes s an d accuracy—i f  al l 
possibl e wor d boundarie s wer e added ,  completenes s woul d 
be 1 0 0 % bu t  accurac y woul d b e low ;  hkewise ,  i f  onl y on e 
wor d boundar y wa s adde d betwee n tw o words ,  accurac y 
woul d b e 1 0 0 % bu t  completenes s woul d b e low .  Accurac y 
woul d appea r  t o b e mor e importan t  fo r  childre n tha n 
completeness .  Fo r  example ,  decidin g 'littlekitty '  i s  a  wor d i s 
les s disastrou s tha n decidin g 'li' ,  *tle' ,  'ki '  an d 'ty '  ar e al l 
words ,  becaus e assignin g meanin g t o 'littlekitty '  i s  a 
reasonabl e firs t  tr y a t  learnin g word-meanin g pairs ,  wherea s 
tryin g t o assig n separat e meaning s t o 'li '  an d 'tie '  i s 
problematic . 

One o f  th e mos t  strikin g implication s o f  Tabl e 1  i s tha t  thi s 
syste m segment s child-directe d speec h quit e wel l  usin g 
phonotactic s an d distributio n (Dist-Phono) .  T o answe r  t o ou r 

Tabl e 1 :  Result s fo r  al l  simulation s average d ove r  individua l  speec h samples . 

Simulation 

Targe t 

Adul t 

Chil d 

Averag e 

Measur e 

% Completenes s 

% Accurac y 

% Completenes s 

% Accurac y 

% Completenes s 

% Accurac y 

Rand-Fre e 

25. 1 

28. 9 

23. 4 

26. 7 

24. 3 

27. 8 

Rand-Phon o 

39. 5 

50. 5 

40. 2 

51. 7 

39. 9 

51. 1 

Dist-Fre e 

95. 5 

36. 0 

79. 9 

37. 4 

88. 0 

36. 6 

Dist-Phon o 

22. 5 

92. 0 

72. 3 

88. 3 

46. 4 

89. 2 
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pnmar y questio n abou t  th e relativ e valu e o f  thes e tw o 
sources ,  w e nee d t o compar e a  numbe r  o f  cell s i n Tabl e 1 .  Th e 
effec t  o f  usin g phonotacti c informatio n ca n b e see n b y 
comparin g th e averag e performance s o f  Rand-Fk i  i  an d 
Rand-Phono ,  whic h diffe r  onl y b y th e additio n o f  phonolacli c 
constraint s o n segmentation s m th e latter .  Clearl y phonotacti c 
constraint s ar e useful ,  a s bot h completenes s an d accurac y 
improve .  A  simila r  compariso n betwee n th e Rand-Fre e an d 
Dist-Fre e show s tha t  distributiona l  informatio n alon e als o 
improve s performance .  Not e i n al l  th e result s o f  Dist-Fre e 
tha t  usin g distributiona l  informatio n alon e favor s 
completenes s ove r  accuracy ;  i n fact ,  th e segmentatio n 
hypothese s produce d b y Dist-Fre e hav e mos t  word s broke n 
int o singl e phonem e unit s wit h onl y a  handfu l  o f  word s 
remainin g intact .  T w o comparison s ar e neede d t o sho w tha t 
th e combinatio n o f  distributiona l  an d phonotacti c informatio n 
perform s bette r  tha n eithe r  sourc e alone :  Dist-Phon o 
compare d t o Rand-Phono ,  fo r  phonotacti c information ,  an d 
t o Dist-Free ,  fo r  distributiona l  information .  Th e forme r 
compariso n show s tha t  th e source s combine d ar e mor e usefu l 
tha n phonotacti c informatio n alone .  Th e latte r  compariso n i s 
les s obviou s —th e trade-of f  betwee n completenes s an d 
accurac y seem s t o hav e reversed ,  wit h n o clea r  winne r 
(althoug h th e highe r  accurac y o f  Dist-Phon o i s  good) .  Dat a 
on discovere d wor d type s help s mak e thi s comparison :  Dist -
Fre e foun d 1 2 % o f  th e word s wit h 3 0 % accurac y an d 
Dist-Phon o foun d 3 3 % o f  th e word s wit h 5 0 % accuracy . 
Whereas th e wor d boundar y dat a ar e inconclusive ,  wor d typ e 
dat a demonstrat e tha t  combinin g informatio n source s i s mor e 
usefu l  tha n usin g distributiona l  informatio n alone . 

Ther e i s n o obviou s differenc e i n performanc e betwee n 
child -  an d adult-directe d speech ,  excep t  i n Dist-Phon o 
(combine d informatio n sources )  i n whic h th e differenc e i s 
striking :  accurac y remain s hig h an d completenes s mor e tha n 
triple s fo r  child-directe d speech .  Thi s differenc e i s agai n 
supporte d b y wor d typ e data :  1 4 % completenes s wit h 3 0 % 
accurac y fo r  adult-directe d speech ,  5 6 % completenes s wit h 
6 5 % accurac y fo r  child-directe d speech . 

Discussion 

Ther e ar e thre e lesson s t o b e draw n fro m thes e results :  th e 
effectivenes s o f  th e combine d informatio n source s i s a n 
improvemen t  ove r  th e effectivenes s o f  eithe r  sourc e 
individually ,  th e combine d informatio n source s mor e 
effectivel y segmen t  child-directe d speec h tha n adult-directe d 
speech ,  an d th e system' s overal l  performanc e i s surprisingl y 
good ,  considerin g th e limite d informatio n used . 

The result s sho w a  differenc e betwee n adult -  an d child -
directe d speech ,  i n tha t  th e latte r  i s  easie r  t o segmen t  give n 
bot h distributio n an d phonotactics .  Thi s lend s quantitativ e 
suppor t  t o researc h whic h suggest s tha t  motheres e differ s 
fro m norma l  adul t  speec h i n way s possibl y usefu l  t o th e 
language-learnin g infan t  (Asli n e t  al.) .  I n fact ,  th e factor s 
makin g motheres e mor e leamabl e migh t  b e elucidate d usin g 
thi s technique :  compar e th e result s o f  severa l  differen t 
models ,  eac h containin g a  differen t  facto r  o r  combinatio n o f 
factors ,  lookin g fo r  thos e i n whic h a  substantia l  performanc e 
differenc e exist s betwee n child -  an d adult-directe d speech . 

Our  techniqu e segment s continuou s speec h int o word s 
usin g onl y distributiona l  an d phonotacti c informatio n mor e 

effectivel y tha n on e migh t  expect—u p t o 6 6 % completenes s 
of  wor d boimdarie s wit h 9 2 % accurac y o n on e sample ,  whic h 
yield s 5 8 % completenes s o f  wor d type s wit h 6 7 % accurac y 
(th e relativel y lo w typ e accurac y i s mitigate d b y th e fac t  tha t 
most  incorrec t  word s ar e meaningfu l  concatenation s o f 
correc t  words—e.g. ,  'thekitty') .  Thi s findin g confirm s th e 
ide a tha t  distributio n an d phonotactic s ar e usefu l  source s o f 
informatio n tha t  infant s migh t  us e i n discoverin g word s (e.g. , 
Jusczy k e t  al. ,  1993b) .  I n fact ,  i t  help s explai n infants '  abilit y 
t o lear n word s fro m parenta l  speech :  thes e tw o source s alon e 
ar e usefu l  an d infant s hav e severa l  others ,  lik e prosod y an d 
wor d stres s patterns ,  availabl e a s well .  I t  als o suggest s tha t 
semantic s an d isolate d word s nee d no t  pla y a s centra l  a  rol e a s 
one migh t  thin k (e.g. ,  Jusczyk ,  1993 .  downplaye d th e utilit y 
of  word s i n isolation) .  I t  i s difficult ,  i f  no t  impossibl e give n 
currentl y availabl e methods ,  t o determin e whic h source s o f 
informatio n ar e necessar y fo r  infant s t o segmen t  speec h an d 
lear n words ;  onl y thi s sor t  o f  indirec t  evidenc e i s availabl e t o 
us . 

O ur  mode l  use s phonotacti c constraint s a s absolut e 
requirement s o n th e structur e o f  individua l  words ;  thi s implie s 
tha t  phonotactic s hav e bee n learne d prio r  t o attempt s a t 
segmentation .  W e mus t  therefor e sho w tha t  phonotactic s ca n 
indee d b e learne d withou t  acces s t o a  lexicon—withou t  suc h 
a demonstration ,  w e ar e trappe d i n circula r  reasoning .  Gafo s 
and Bren t  (1994 )  sugges t  tha t  thi s m a y b e true .  Thi s doe s no t 
m e an w e believ e infant s necessaril y  lear n thei r  nativ e 
language' s phonotacti c rule s prio r  t o learnin g t o segmen t 
speech ;  rather ,  w e thin k i t  i s  importan t  t o investigat e h o w fa r 
suc h a n assumptio n woul d g o towar d explainin g children' s 
earl y acquisitio n o f  wor d sounds . 

Conclusions and Future Work 

Until now, research has focused on demonstrations of infants' 
sensitivit y t o variou s informatio n source s i n th e input .  W e 
hav e n o w begi m t o supplemen t  thi s evidenc e wit h quantitativ e 
measure s o f  th e usefulnes s o f  thos e sources . 

We pla n t o exten d th e compute r  syste m describe d her e b y 
addin g syllabl e stres s (stron g o r  weak )  t o th e representatio n 
of  words .  Wit h thi s elaborate d representation ,  th e M D L 
paradig m ca n b e use d t o lear n an d m a k e us e o f  th e 
predominan t  stres s pattern s i n th e language .  W e expec t  tha t 
thi s wor k wil l  she d ligh t  o n th e utilit y  o f  stres s pattern s i n 
combinatio n wit h th e informatio n source s investigate d i n thi s 
paper .  Further ,  i f  th e modifie d syste m i s abl e t o lear n th e 
predominan t  stres s pattern ,  tha t  wil l  hel p t o resolv e a  proble m 
wit h curren t  theorie s abou t  th e us e o f  stres s i n lexica l 
acquisition ;  namely ,  tha t  stres s i s a  language-particula r 
property ,  an d henc e mus t  b e learne d befor e i t  ca n b e used . 
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