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Conditiona l  Probabilit y  a n d W o r d Discovery : 

A C o r p u s Analysi s o f  Speec h t o Infant s 

Daniel Swingley (swingley@bcs.rochester.edu) 
Departmen t  o f  Brai n an d Cognitiv e Science s 

Melior a Hall ;  Universit y o f  Rocheste r 

Rochester ,  N Y 1462 7 U S A 

Abstrac t 

Analyses of an idealized corpus of English speech to infants re-
veale d tha t  simpl e conditiona l  decisio n rule s ca n separat e fre -
quent  bisyllabi c word s ftxjm  bisyllable s no t  correspondin g t o 
words .  I f  infant s accuratel y represen t  speec h i n term s o f  syl -
lables ,  an d comput e conditiona l  statistic s ove r  thes e syllables , 
suc h computation s hav e th e potentia l  t o infor m infant s o f  likel y 
Englis h words . 

In t roduct io n 

Researcher s hav e show n a n increasin g interes t  i n th e possi -
bl e us e o f  statistica l  regularitie s b y languag e learners .  Re -
cen t  experiment s hav e show n tha t  infant s ar e sensitiv e t o cer -
tai n distributiona l  propertie s o f  syllabl e sequence s (e.g .  Aslin , 
Saflfran ,  &  Newport ,  1998 ;  Goodsitt ,  Morgan ,  &  Kuhl ,  1993 ; 
Morgan ,  1994 ;  Saffran,Aslin, & Newport ,  1996) .  I f  th e statis -
tica l  propertie s t o whic h infants '  sensitivit y ha s bee n demon -
strate d ar e i n fac t  presen t  i n speec h t o infants ,  distributiona l 
regularitie s coul d serv e a s valuabl e cue s fo r  wor d discovery . 

Severa l  researcher s hav e show n tha t  th e segment s com -
prisin g word s i n speec h o r  i n tex t  exhibi t  distributiona l 
regularitie s tha t  ca n b e computationall y exploite d fo r  wor d 
boundar y detectio n (Aslin ,  Woodward ,  LaMendola ,  &  Bever , 
1996 ;  Cairns ,  Shillcock ,  Chater ,  &  Levy ,  1997 ;  Christiansen , 
Allen ,  &  Seidenberg ,  1998 ;  Elman ,  1990 ;  se e als o Bren t  & 
Cartwright ,  1996 ;  d e Marcken ,  1996) .  However ,  corpu s anal -
yse s hav e ye t  t o asses s th e valu e o f  distributiona l  regularitie s 
fo r  clusterin g syllable s int o word s i n speech .  Give n tha t  in -
fant s spontaneousl y cluste r  syllable s i n th e laboratory ,  deter -
minin g whethe r  thi s abilit y  coul d ai d i n identifyin g word s i n 
sjjeec h i s o f  interest . 

Syllable s ar e widel y considere d t o b e a  uni t  o f  speec h in -
fant s ar e capabl e o f  processin g an d representing .  Severa l  ex -
periment s hav e show n tha t  infant s categoriz e varie d set s o f 
word s b y thei r  numbe r  o f  syllables ,  bu t  no t  thei r  numbe r  o f 
segments ,  suggestin g tha t  syllable s ar e crucia l  unit s i n in -
fants '  representatio n o f  speec h (Bertoncini ,  Roccia ,  Nazzi ,  & 
Mehler ,  1995 ;  Bijeljac-Babic ,  Bertoncini ,  &  Mehler ,  1993) . 
Furthermore ,  Bertoncini ,  Bijeljac-Babic ,  Jusczyk ,  Kennedy , 
and Mehle r  (1988 )  foun d tha t  whe n infant s wer e habituate d t o 
set s o f  C V syllable s containin g a  conmfio n onse t  (suc h a s /b/) , 
infant s dishabituate d equall y afte r  th e introductio n o f  nove l 
/b/-initia l  C V s ,  an d afte r  th e introductio n o f  nove l  C V s con -
tainin g a  ne w C ,  suggestin g tha t  infant s di d no t  conside r  th e 
/b/-initia l  syllable s a s similar .  Thoug h thes e result s d o no t 
necessaril y  indicat e tha t  infant s fai l  t o represen t  segment s a s 
units ,  muc h evidenc e n o w suggest s tha t  th e syllabi c leve l  o f 

representatio n i s significan t  i n infancy ,  an d tha t  syllable s ma y 
be relevan t  a s unit s ove r  whic h statistica l  computation s ma y 
be done . 

I n th e presen t  study ,  a  corpu s o f  speec h directe d t o chil -
dre n unde r  1 8 month s wa s use d t o evaluat e th e utilit y  o f  tran -
sitiona l  probabilit y  informatio n fo r  groupin g syllable s int o 
words .  Th e proble m ma y b e state d a s follows :  give n tha t 
ove r  8 0 % o f  th e word s childre n hea r  ar e monosyllabi c (Asli n 
et  al. ,  1996 ;  Christianse n e t  al. ,  1998) ,  woul d infants '  ten -
dencie s t o cluste r  syllable s accordin g t o conditiona l  probabil -
it y  criteri a lea d infant s t o inappropriatel y conflat e monosyl -
labi c words ? Or ,  alternatively ,  woul d thes e clusterin g mecha -
nism s hel p lea d infant s t o discove r  word s i n speech ? Answer -
in g thes e question s require s a  statistica l  analysi s o f  larg e sam -
ple s o f  speec h directe d t o infants .  Below ,  w e demonstrat e tha t 
give n certai n assumption s abou t  th e mechanism s tha t  underii e 
infants '  sensitivitie s t o statistica l  structure ,  America n Englis h 
speec h does  contai n statistica l  regularitie s tha t  coul d b e use d 
fo r  wor d discovery . 

Methods 

Corpora of 15 parents' speech to American infants under 
18 month s (CHILDES ;  MacWhinney ,  1995 ;  se e Bemstein -
Ratner ,  1984 ;  Bloom ,  1973 ;  Haye s &  Ahrens ,  1988 ;  Hig -
ginson ,  1986 ;  Sachs ,  1983 ;  Warren-Leubecke r  &  Bohan -
non ,  1983 )  wer e combine d t o for m a  50,000-wor d corpus . 
Spellin g o f  word s throughou t  wa s regularize d b y hand ,  an d 
pronunciation s o f  th e resultin g word s wer e estimate d usin g 
th e C M U pronouncin g dictionar y (v .  0.4 ,  1995) .  Thi s phone -
mi c corpu s wa s syllabifie d usin g a n implementatio n o f  Kahn' s 
(1980 )  formalis m fo r  slo w speec h (essentiall y  maxima l  on -
set) .  Th e syllabificatio n algorith m wa s ru n ove r  words ,  no t 
ove r  utterances ;  thus ,  n o segment s wer e syllabifie d acros s 
wor d boundarie s ( a poin t  w e retur n t o below) .  Ove r  th e 
resultin g corpu s o f  syllables ,  thre e metric s wer e calculate d 
fo r  eac h consecutiv e pai r  o f  syllable s A B (bigrams) :  pre -
dictiv e transitiona l  probabilit y ,  o r  p{B\A) ;  revers e transi -
tiona l  probability ,  o r  p(A\B) ,  an d mutua l  information ,  o r 
log2\p{AB)/p{A)p{B)] .  (Mutua l  informatio n i s a  measur e o f 
ho w muc h th e occurrenc e o f  on e syllabl e i s informativ e abou t 
th e othe r  syllable ;  cf .  Chamiak ,  1993) . 

Predictiv e transitiona l  probabilit y  i s  hig h whe n on e sylla -
bl e make s th e followin g on e predictable .  Thi s metri c woul d 
be usefu l  i f  i t  tende d t o b e highe r  i n word s (suc h a s "pretty" : 
p{B\A )  =  1 )  tha n i n othe r  sequence s (suc h a s "than k you" : 
p{B\A )  =  1) .  Revers e transitiona l  probabilit y  i s hig h whe n 
one syllabl e make s th e previou s on e predictable .  Thi s met -
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ri c  woul d b e usefu l  i f  sequence s lik e "little "  (p{A\B )  = 
.81 )  wer e mor e commo n tha n sequence s lik e "th e door " 
{p{A\B )  =  .81) .  Mutua l  informatio n i s hig h whe n bot h syl -
lable s ten d t o co-occur ,  an d woul d b e usefu l  i f  sequence s lik e 
"daddy "  (m.i .  7.7 )  wer e mor e commo n tha n sequence s lik e 
"si t  down "  (m.i .  7.5) . 

Becaus e th e vas t  majorit y o f  th e wor d type s i n speec h t o 
childre n ar e monosyllabi c (i n th e presen t  corpus ,  abou t  55% ) 
or  bisyllabi c (abou t  4 2 % ) ,  th e syllable-groupin g proble m i n 
Englis h reduce s largel y t o a  proble m o f  decidin g whethe r  tw o 
syllable s for m a  bisyllabi c word .  I f  thi s distinctio n coul d 
be mad e accurately ,  9 7 % o f  word s i n th e corpu s woul d b e 
correctl y identified .  Thus ,  th e curren t  analyse s examine d 
whethe r  conditional-probabilit y  metric s coul d b e use d t o dis -
tinguis h th e bigram s tha t  ar e words ,  fro m thos e tha t  ar e not . 

I n a  serie s o f  analyses ,  a  threshol d valu e o f  on e o f  thes e 
thre e conditiona l  probabilit y  metric s wa s set ,  an d th e bigram s 
abov e tha t  threshol d wer e identifie d a s words .  Th e questio n 
aske d wa s whethe r  threshold s fo r  th e thre e metric s coul d b e 
set  t o produc e a  favorabl e rati o o f  hit s t o fals e alarm s (pre -
cision ,  o r  accuracy) ,  an d o f  hit s t o misse s (completeness ; 
cf  Bren t  &  Cartwright ,  1996) .  Precisio n indicate s whethe r 
"yes ,  it' s a  word "  response s ten d t o b e correct ;  completenes s 
measure s th e proportio n o f  word s tha t  ar e identified .  A t  th e 
same time ,  th e frequenc y o f  bigram s considere d a s possibl e 
word s wa s varied ,  t o evaluat e possibl e interaction s betwee n 
frequenc y an d conditional-probabilit y  information . 
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# o f  syllable s i n utteranc e 

Figur e 1 :  Sentenc e length s i n syllables . 

For computational convenience, analyses included only the 
utterance s containin g 2-1 4 syllables .  (Th e uppe r  boun d ex -
clude d abou t  1.3 % o f  th e utterances. )  Th e remainin g cor -
pus include d approximatel y 41,00 0 bigra m tokens ,  an d abou t 
13,00 0 bigra m types .  A m o n g thes e type s wer e 76 1 differ -
ent  bisyllabi c words ,  th e primar y target s o f  th e analyses .  A s 
shown i n Figur e 1 ,  th e majorit y o f  utterance s directe d t o in -
fant s containe d onl y a  fe w syllables .  Thi s illustrate s a  com -
mon observatio n abou t  speec h t o infant s (e.g .  Snow ,  1972) . 

Results and Discussion 

As a  baselin e fo r  comparison ,  w e first  conside r  th e precisio n 
and completenes s score s tha t  woul d b e expecte d fro m simpl e 
guessing ,  a n estimat e o f  "chance "  i n finding  bisyllables .  A 
guessing-base d decisio n rul e coul d sa y "yes "  o r  "no "  equall y 
ofte n (p=0.5) ,  o r  coul d sa y "no "  mos t  o f  th e tim e (say ,  p=0.8) . 

Considere d i n Figur e 2  ar e precisio n an d completenes s (b y 
types )  fo r  a  rang e o f  guessin g rates ,  fro m 0  (callin g al l  bi -
grams words )  t o 1, 0 (callin g al l  bigram s nonwords) .  Th e re -
sult s mak e clea r  th e fac t  tha t  bisyllable s canno t  b e locate d ef -
fectivel y b y guessing ;  the y ar e to o rare .  Withou t  mor e infor -
matio n differentiatin g wor d an d nonwor d bigrams ,  th e infan t 
woul d b e considerabl y bette r  of f  simpl y assumin g tha t  al l  syl -
lable s ar e monosyllabi c words . 

1.0 -

« — Completenes s 

D — Precisio n 

T — ' — I — ' — I — ' —r 
0 0. 2 0. 4 0. 6 0. 8 1 

Proportio n o f  "not-a-word "  guesse s 

Figur e 2 :  Result s fo r  guessing ,  show n b y type s (i.e .  no t  fre -

quenc y weighted) . 

Next, we consider the possibility that infants cluster syl-
lable s i n natura l  speec h primaril y o n th e basi s o f  frequency. 
Thi s ha s a  certai n intuitiv e appeal-on e migh t  imagin e that , 
upo n hearin g a  give n pai r  o f  syllable s man y times ,  thi s pai r 
migh t  com e t o b e considere d a  linguisti c unit .  Th e followin g 
decisio n rul e wa s evaluated :  i f  a  bigra m appeare d x  o r  mor e 
time s i n th e corpus ,  i t  wa s considere d t o b e a  word .  Figur e 3 
shows th e result s ove r  type s (i.e .  displaye d ar e th e numbe r  o f 
differen t  word s found ,  no t  weighte d b y thei r  frequenc y o f  oc -
currence) .  Clearly ,  man y commo n bigram s ar e no t  bisyllabi c 
words ;  i n fact ,  eve n i f  w e admi t  onl y th e bigram s tha t  occu r 
50 o r  mor e time s (whic h i s tru e o f  10 8 bigrams) ,  ther e ar e 
stil l  mor e tha n twic e a s man y nonword s a s words .  Example s 
of  hit s includ e ver y frequen t  word s lik e "baby, "  "doing, "  an d 
"very. "  Bu t  a  frequenc y criterio n false-alarm s t o sequence s 
lik e "goo d giri, "  "i s  it, "  "that' s  right,"  an d "w e put. " 

1.0 -

0.8-

0.6-

0.4-

0.2-

0. 0 

- A — Completenes s 

~n Precisio n 

I  I  I I  I  I  I  I I I  I 
al l  2  5  1 0 1 5 2 0 2 5 3 0 3 5 4 0 4 5 5 0 

Criteria !  Frequenc y 

Figur e 3 :  Result s fo r  frequenc y criterion ,  b y types . 

The experimental results of Aslin, Saffran, and Newport 
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(1998) ,  however ,  sho w tha t  infants '  clusterin g o f  syllable s i s 
not  mediate d onl y b y frequency .  I n tha t  study ,  th e frequenc y 
of  occurrenc e o f  word s an d nonword s i n a n artificia l  languag e 
was controlled ,  an d differe d onl y i n th e conditiona l  proba -
bilitie s wit h whic h syllable s followe d on e another .  Eight -
month-old s discriminate d wor d an d nonwor d lists ,  demon -
stratin g sensitivit y t o conditiona l  probabilitie s independen t  o f 
frequency .  Thes e result s sugges t  tha t  infant s d o no t  simpl y 
assume tha t  c o m m o n bisyllable s ar e words .  Give n th e statis -
tic s o f  th e language ,  thi s i s  fortuitous ;  a s show n above ,  suc h a 
mechanis m woul d usuall y b e wrong . 

Subsequen t  analyse s conside r  decisio n rule s base d o n con -
ditiona l  probabilit y  metrics .  I n Figur e 4 ,  precisio n an d com -
pletenes s score s ar e show n fo r  decisio n rule s usin g a  m u -
tua l  informatio n threshold ;  whe n th e threshol d wa s equale d 
or  surpassed ,  th e bigra m wa s considere d a  word .  A s Figur e 4 
demonstrates ,  performanc e usin g mutua l  informatio n wa s bet -
te r  tha n performanc e usin g frequency .  However ,  eve n th e bes t 
precisio n score s wer e neve r  abov e abou t  457o .  Simila r  result s 
wer e obtaine d usin g predictiv e an d revers e transitiona l  prob -
ability . 

bilit y  informatio n ca n hel p identif y th e 29 9 mos t  c o m m o n bi -
syllabi c words ,  ou t  o f  th e 167 6 mos t  c o m m o n bigrams .  (Not e 
tha t  thi s i s stil l  a  nontrivia l  task ,  becaus e wor d type s mak e u p 
les s tha n 1 8 % o f  th e c o m m o n bigra m types. ) 

0.6 -

I  I  I  I  I 
al l  0  2  4 5  6  7  e  9  10121 4 

Criteria !  mutua l  informatio n 

- - - - o — 

fre q > = 5  Completenes s 

fre q > = 5  Precisio n 

fre q >=1 0 Precisio n 

0.6 -
Compl 
Prec . 

n *  I  I 
al l  0  2 4  5  6  7 8 9  10121 4 

Criteria l  mutua l  informatio n 

Figure 4: Mutual information criterion with all words 

counted .  Result s b y types . 

However, this analysis included many words of very low 
frequency .  Th e clusterin g mechanis m tha t  i s  operatin g her e i s 
likel y t o b e on e o f  implici t  m e m o r y (Saffra n e t  al. ,  1997) .  Im -
plici t  learnin g o f  sequentia l  stimul i  typicall y involve s consid -
erabl e repetitio n o f  th e trainin g materials .  Thus ,  i t  seem s rea -
sonabl e t o suppos e tha t  th e learnin g mechanis m woul d onl y 
make assumption s abou t  bigram s afte r  severa l  exposure s t o 
them .  Exactl y h o w man y exposure s w e woul d expec t  th e sys -
te m t o requir e i s no t  clear ;  i n th e subsequen t  analyse s w e 
wil l  examin e th e degre e t o whic h simpl e decisio n rule s detec t 
word s tha t  occurre d 5  o r  mor e time s i n th e corpus .  (Th e re -
sult s ar e simila r  i f  w e exclud e onl y th e bigram s occurrin g 1 -
2 times ,  1- 3 times ,  etc. )  Becaus e (a s i n an y natura l  corpus ) 
a larg e proportio n o f  th e type s occurre d infrequently ,  eve n a 
smal l  frequenc y criterio n exclude s man y types .  I n th e presen t 
corpus ,  a  frequenc y criterio n o f  5  exclude s 3 2 % o f  th e bigra m 
tokens ,  an d exclude s 8 4 % o f  th e bigra m types ;  a t  th e sam e 
time ,  thi s criterio n exclude s onl y 1 1 % o f  th e bisyllabi c wor d 
tokens ,  an d 6 1 % o f  th e bisyllabi c wor d types .  O f  th e 76 1 bi -
syllabi c word s i n th e corpus ,  29 9 mee t  th e frequenc y criterion . 
Th e followin g analyse s conside r  whethe r  conditiona l  proba -

Figur e 5 :  Mutua l  informatio n criterio n wit h frequenc y thresh -

old s o f  5  an d 10 . 

Figure 5 shows precision and completeness results using 
mutua l  informatio n an d a  frequenc y criterio n o f  5  (soli d lines) . 
The dashe d lin e show s precisio n score s whe n a  frequenc y cri -
terio n o f  1 0 i s applied .  T w o result s ar e eviden t  here .  First ,  pre -
cisio n i s quit e high :  i n th e highe r  mutua l  informatio n range , 
precisio n varie s fro m abou t  6 0 % t o 8 0 % .  Wher e th e line s 
cross ,  bot h precisio n an d completenes s ar e abov e 6 0 % .  Sec -
ond ,  precisio n i s onl y marginall y improve d b y increasin g th e 
frequenc y criterio n t o 1 0 occurrences .  Thi s smal l  improve -
ment  i s offse t  b y substantia l  decrease s i n completenes s (no t 
show n here) ,  reflectin g th e fac t  tha t  onl y 17 0 bisyllabi c word s 
occurre d 1 0 time s o r  more . 

Althoug h performanc e i s muc h bette r  tha n chance ,  eve n i n 
th e bes t  cas e th e decisio n rul e make s man y errors .  A n analysi s 
of  th e fals e alarms ,  however ,  suggest s tha t  man y o f  th e error s 
ar e no t  perniciou s ones :  ofte n th e "fals e alarms "  ar e instance s 
i n whic h th e decisio n rul e group s togethe r  tw o syllable s fro m a 
trisyllabi c word .  Figur e 6  show s th e proportio n o f  fals e alarm s 
tha t  ar e cluster s o f  syllable s tha t  for m 2/ 3 o f  a  trisyllabi c word , 
ove r  a  rang e o f  mutua l  informatio n criteria . 

At  th e highe r  mutua l  informatio n criteria ,  th e proportio n 
of  "fals e alarms "  withi n trisyllabi c word s i s quit e high—ove r 
5 0 % i n som e cases .  I n som e o f  these ,  ther e ar e tw o "fals e 
alarms "  withi n a  trisyllable .  Fo r  example ,  a t  a  mutua l  in -
formatio n threshol d o f  7 ,  th e decisio n rul e cluster s "kanga " 
and "garoo. "  I f  al l  fals e alarm s tha t  actuall y cluste r  bigram s 
withi n trisyllabi c word s ar e counte d a s hits ,  rathe r  tha n fals e 
alarms ,  precisio n a t  th e highe r  threshold s reache s 8 5 % - 9 0 % . 
S o me persisten t  error s remain :  amon g the m ar e "I' m so(rry), " 
"muc h fun, "  an d "(pe)te r  pi(per). "  However ,  i n spit e o f  thes e 
errors ,  i t  i s  clea r  tha t  infant s computin g conditiona l  probabil -
itie s ar e likel y t o grou p togethe r  syllable s tha t  belon g withi n 
words . 

H o w robus t  ar e thes e results ? Changin g th e frequenc y 
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Figur e 6 :  Proportio n o f  fals e alar m type s tha t  for m par t  o f  a 

trisyllabi c word . 

threshol d doe s no t  hav e m u c h impac t  o n precision ,  a s lon g a s 
bigram s o f  ver y lo w frequency  ar e no t  include d a s possibl e 
words .  Furthermore ,  simila r  result s ar e obtaine d whe n usin g 
predictiv e an d revers e transitiona l  probabilit y  rathe r  tha n m u -
tua l  information .  Figur e 7  show s precisio n an d completenes s 
at  probabilitie s rangin g from 0  t o 1 ,  usin g a  frequenc y crite -
rio n o f  5 . 

Anothe r  sor t  o f  decisio n rul e compatibl e wit h curren t  ex -
perimenta l  result s woul d no t  us e a n absolut e thresholdin g 
mechanis m t o cluste r  syllables .  Rather ,  tw o syllable s migh t 
be groupe d togethe r  i f  thei r  conditiona l  probabilitie s wer e 
highe r  tha n thos e o f  th e neighborin g bigrams .  Conside r  th e 
utteranc e A B C D E F,  wit h eac h lette r  a  syllable .  Suppos e 
th e mutua l  informatio n value s betwee n syllable s ar e a s fol -
lows :  A 2 B 5 C 1 D 6 E 6 F .  O n a  "neighbor-comparison "  rule , 
B C woul d b e groupe d together ,  bu t  D E woul d not ,  becaus e 
th e valu e fo r  D E doe s no t  excee d th e valu e fo r  EF .  Severa l 
varietie s o f  thi s decisio n rul e ar e possible .  Fo r  example ,  a  bi -
gra m migh t  hav e t o excee d it s neighbor s b y 1 ,  o r  2 ,  o r  6  (an d 
i n thi s las t  case ,  B C woul d no t  b e considere d a  word ,  becaus e 
th e differenc e betwee n 5  an d 2  i s les s tha n 6) .  Rule s o f  thi s sor t 
amount  t o attempt s t o find  peak s i n th e mutua l  informatio n 
functio n acros s th e sentence .  Figur e 8  show s result s fro m thi s 
decisio n rule .  Th e x-axi s represent s th e numbe r  o f  mutua l  in -
formatio n unit s b y whic h a  give n bigra m mus t  b e greate r  tha n 
it s neighbors ,  t o b e considere d a s a  word .  A s th e figure  shows , 
performanc e usin g suc h a  rul e i s comparabl e t o performanc e 
usin g absolut e thresholds . 

Thes e result s sugges t  tha t  a  variet y o f  decisio n rules ,  con -
ditiona l  statistics ,  an d threshol d value s migh t  lea d a n infan t  t o 
correctl y identif y frequen t  bisyllabi c word s wit h a  hig h suc -
ces s rate .  However ,  th e curren t  result s mus t  b e qualifie d b y 
thre e importan t  considerations .  First ,  th e syllabificatio n algo -
rith m di d no t  permi t  consonant s t o b e resyllabifie d t o adjacen t 
words .  Thi s sor t  o f  resyllabificatio n doe s occu r  i n English ,  al -
thoug h i t  i s  no t  clea r  h o w ofte n i t  occur s i n speec h t o infants , 
or  unde r  wha t  circumstances .  I t  i s  unlikel y tha t  al l  consonan -
ta l  coda s precedin g vowe l  onset s ar e resyllabified .  Fo r  ex -
ample ,  upo n hearin g a  sentenc e lik e " I  lik e tha t  one, "  infant s 
probabl y d o no t  grou p th e 1x 1 o f  "that "  wit h "one. "  I n th e ab -
senc e o f  a  mode l  o f  resyllabificatio n i n infant-directe d speech , 
and withou t  experimenta l  dat a o n infants '  assignmen t  o f  con -
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Figure 7: Transitional probability used in decision rule. 

Grap h a ,  predictiv e probability ;  b ,  revers e probability . 

sonant s t o syllables ,  thi s remain s a n ope n question .  H o w -
ever ,  preliminar y analyse s base d o n a  "worst-cas e scenario " 
i n whic h cod a consonant s ar e alway s resyllabifie d t o th e fol -
lowin g syllable ,  i f  thereb y creatin g a  lega l  onse t  cluster ,  sho w 
tha t  th e us e o f  conditiona l  statistic s i n decisio n rule s stil l  sub -
stantiall y  improve s performance .  Unde r  thes e conditions ,  a s 
expected ,  precisio n an d completenes s score s ar e lower ;  bu t 
baseline s produce d b y guessin g o r  frequency  criteri a ar e als o 
lower .  Thus ,  regardles s o f  ou r  particula r  assumption s abou t 
th e transparenc y o f  syllabl e boundaries ,  informatio n abou t 
word s i s stil l  presen t  i n conditiona l  statistics . 

Second ,  th e curren t  corpu s i s idealize d i n th e sens e tha t  i t 
assume s a  fixed  pronunciatio n fo r  eac h orthographi c word . 
Th e trut h wa s certainl y messier ,  althoug h withou t  th e record -
ing s themselve s w e canno t  attemp t  a  precis e reconstruction . 
I n principle ,  som e o f  th e variabilit y  i n actua l  pronunciation s 
coul d b e modele d usin g probabilisti c  rule s (e.g .  d e Marcken , 
1996) ,  yieldin g a  noisie r  (bu t  mor e veracious )  corpus .  Thi s 
procedur e woul d b e particularl y usefu l  i f  mor e wer e k n o w n 
abou t  infants '  compensatio n fo r  th e processe s tha t  lea d t o vari -
abl e realization s o f  words .  Ou r  implici t  assumptio n i n th e cur -
ren t  wor k i s tha t  thi s compensatio n i s perfect ,  bu t  w e recog -
niz e tha t  thi s i s  a n idealization . 

Third ,  i t  i s  possibl e tha t  th e structur e o f  Englis h favor s th e 
succes s o f  decisio n rule s o f  th e sor t  employe d here ,  an d tha t 
thes e decisio n rule s woul d prov e ineffectiv e i n th e analysi s o f 
othe r  languages .  Thi s outcom e woul d no t  necessaril y  indicat e 
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tha t  infant s d o no t  perfor m computation s lik e thos e w e hav e 
evaluated .  I t  woul d indicat e tha t  i f  infant s do ,  i t  wil l  no t  lea d 
the m t o discove r  words . 

The curren t  result s  ar e no t  themselve s a  mode l  o f  th e infan t 
learner .  Presumabl y infant s d o no t  stor e a  corpu s o f  th e speec h 
the y hea r  fo r  severa l  months ,  an d the n (implicitly )  grou p to -
gethe r  cohesiv e units .  Rather ,  infants '  menta l  computation s 
occu r  incrementall y ove r  time ,  a s mor e an d mor e speec h i s 
heard .  A  mode l  o f  th e infan t  learne r  woul d tak e thi s int o ac -
coun t  b y simultaneousl y calculatin g conditiona l  statistic s an d 
applyin g decisio n rules ;  suc h a  mode l  i s currentl y unde r  de -
velopment .  Th e analyse s presente d her e sugges t  tha t  suc h 
a mode l  woul d sho w tha t  infants '  abilit y  t o cluste r  syllable s 
base d o n statistica l  characteristic s woul d resul t  i n th e identi -
ficatio n o f  word s mor e ofte n tha n not ,  perhap s wit h ver y hig h 
precision . 

Severa l  researcher s hav e propose d tha t  infant s migh t  us e 
prosodi c information ,  suc h a s lexica l  stress ,  t o hel p identif y 
word s i n speec h (e.g .  Cutler ,  1994 ;  Gleitman ,  Gleitman ,  Lan -
dau,  &  Wanner ,  1988) .  I n fact ,  evidenc e fro m infan t  ex -
periment s suggest s tha t  English-learnin g infant s ten d t o ex -
trac t  (fro m continuou s speech )  word s wit h strong-wea k stres s 
pattern s mor e readil y tha n word s wit h weak-stron g pattern s 
(Newsome &  Jusczyk ,  1995) .  Becaus e Englis h conten t  word s 
ten d t o begi n wit h stron g syllables ,  thi s tendenc y ma y wel l 
hel p English-learnin g infant s t o discove r  words .  I t  i s  no t  clea r 
at  presen t  whethe r  thes e tendencie s hol d fo r  al l  infant s (i n 
whic h cas e infant s learnin g som e othe r  language s wil l  b e dis -
advantage d b y thi s decisio n rule) ,  o r  onl y fo r  infant s i n certai n 
languag e environment s (i n whic h cas e a n accoun t  o f  ho w thi s 
prosodi c knowledg e i s acquire d wil l  b e necessary) .  I n eithe r 
case ,  however ,  ther e i s n o reaso n t o suppos e tha t  a  prosodi c 
strateg y an d a  statistical-learnin g strateg y ar e incompatible . 
Althoug h prosodi c cue s t o wor d boundarie s var y wit h differ -
ent  languages ,  i t  ma y b e tha t  statistica l  cue s o f  th e sor t  ex -
amine d her e ar e tru e o f  mos t  languages .  I f  so ,  statistica l  cue s 
migh t  hel p "bootstrap "  a  prosodi c (o r  an y other )  strategy .  Thi s 
i s obviousl y a n importan t  are a fo r  futur e cross-linguisti c  re -
search . 
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