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Abstrac t 

A critical component of language acquisition is the ability 
t o lear n fro m th e informatio n presen t  i n th e languag e 
input .  I n particular ,  youn g languag e learner s woul d benefi t 
fro m leamin g mechanism s capabl e o f  utilizin g th e myria d 
statistica l  cue s t o linguisti c structur e availabl e i n th e input . 
The presen t  stud y examine s eight-month-ol d infants '  us e o f 
statistica l  cue s i n discoverin g wor d boundaries . 
Computationa l  model s sugges t  tha t  on e o f  th e mos t  usefu l 
cue s i n segmentin g word s ou t  o f  continuou s speec h i s 
distributiona l  information :  th e detectio n o f  consisten t 
ordering s o f  sounds .  I n thi s paper ,  w e presen t  result s 
suggestin g tha t  eight-month-ol d infant s ca n i n fac t  mak e 
use o f  th e orde r  i n whic h sound s occu r  t o discove r  word-lik e 
sequences .  Th e implication s o f  thi s earl y abilit y  t o detec t 
statistica l  informatio n i n th e languag e inpu t  wil l  b e 
discusse d wit h regar d t o theoretica l  issue s i n th e fiel d o f 
languag e acquisition . 

Introduction 

While it is widely acknowledged that language acquisition is 
accomplishe d b y a n interactio n between  innat e constraint s 
and leaming ,  surprisingl y littl e researc h ha s focuse d o n th e 
leamin g mechanism s whic h ar e a  critica l  componen t  o f  thi s 
interaction .  Eve n th e riches t  inpu t  imaginabl e woul d no t 
allo w th e chil d t o lea m languag e unles s sh e possesse d th e 
mechanism s require d t o extrac t  pertinen t  informatio n fro m 
thi s input .  Similarly ,  innat e linguisti c knowledg e woul d b e 
of  n o us e withou t  mechanism s relatin g i t  t o linguisti c 
experience .  Fo r  thes e reasons ,  a  numbe r  o f  researcher s o n 
bot h side s o f  th e nature/nurtur e debat e hav e begu n t o 
investigat e th e kind s o f  leamin g mechanism s possesse d b y 
youn g languag e leamers . 

One clas s o f  leamin g mechanism s whic h ha s recentl y 
returne d t o prominence '  i s  distributiona l  learnin g devices , 
whic h utiliz e th e statistica l  propertie s inheren t  i n linguisti c 
input .  Th e renewe d interes t  i n distributiona l  leamin g i n 
languag e acquisitio n result s i n par t  fro m th e contribution s o f 
recen t  connectionis t  models .  Importantly ,  thi s interes t  ha s 
als o bee n generate d b y researc h suggestin g tha t  human s 
extrac t  an d remembe r  informatio n abou t  th e statistica l 
structur e o f  thei r  nativ e language .  Adult s posses s ric h 

^Once greatl y popula r  amon g Bloomfieldia n linguist s (see , 
e.g. ,  Harris ,  195S) ,  distributiona l  analyse s o f  linguisti c 
structur e fel l  int o disfavo r  wit h th e birt h o f  Chomskia n 
generativ e syntax . 

representation s o f  far-flun g statistica l  feature s o f  thei r 
language ,  rangin g fro m word-frequenc y effect s t o 
probabilisti c  prosodi c expectancie s t o frequency-base d 
contingenc y effect s i n parsin g (e.g. ,  Kelly ,  1988 ; 
MacDonald ,  Pearlmutter ,  &  Seidenberg ,  1994 ;  Morton , 
1969) ,  an d ca n readil y lear n distributiona l  regularitie s i n 
laborator y task s (e.g. ,  Morgan ,  Meier ,  &  Newport ,  1987 ; 
Saffran ,  Newport ,  &  Aslin ,  i n press) . 

Thes e abilitie s ar e no t  confine d t o adults .  First-grad e 
children ,  fo r  example ,  ar e a t  leas t  a s goo d a s adult s a t 
discoverin g distributiona l  regularitie s i n th e la b (Saffra n e t 
ai ,  unde r  review) .  Infant s als o demonstrat e knowledg e o f 
some o f  th e statistica l  regularitie s o f  thei r  nativ e language . 
For  example ,  whe n nine-month-ol d infant s ar e presente d 
wit h phonotacticall y lega l  phoneti c pattem s whic h ar e eithe r 
firequen t  o r  infrequen t  i n thei r  nativ e language ,  the y prefe r  t o 
liste n t o th e frequen t  pattern s (Jusczyk ,  Luce ,  &  Charles -
Luce ,  1994) .  Thi s knowledg e mus t  aris e throug h leamin g 
fro m th e linguisti c environment ,  suggestin g tha t  statistica l 
leamin g mechanism s exis t  and ,  moreover ,  pla y a  fa r  greate r 
rol e i n languag e acquisitio n tha n mos t  contemporar y 
theorie s suggest . 

The presen t  researc h seek s t o elucidat e th e natur e o f  th e 
leamin g mechanism s underlyin g th e acquisitio n o f  language . 
Our  strateg y i n thi s researc h i s t o focu s o n aspect s o f 
languag e tha t  ar e undeniabl y discovere d i n th e languag e 
input ,  rathe r  tha n potentiall y a n expressio n o f  innat e 
knowledge .  I n particular ,  w e hop e t o begi n t o discove r  ho w 
infants '  leamin g mechanism s ar e structure d t o mak e us e o f 
th e enormou s volum e o f  statistica l  informatio n availabl e i n 
th e languag e input .  T o d o so ,  w e investigate d th e leamin g 
mechanism s underlyin g wor d segmentation . 

Word Segmentation 
One o f  th e earlies t  an d mos t  impressiv e feat s o f  leamin g b y 
infant s i s  th e discover y o f  wor d boundaries .  Speec h i s 
essentiall y  continuous ,  withou t  pause s o r  othe r  consisten t 
acousti c cue s presen t  t o mar k wor d boundaries .  Infant s mus t 
thu s someho w brea k int o th e speec h strea m t o discove r  wor d 
boundarie s withou t  recours e t o silence s analogou s t o th e 
whit e space s betwee n printe d words .  Despit e th e difficult y o f 
thi s leamin g proble m (Col e &  Jakimik ,  1980) ,  experimenta l 
evidenc e indicate s tha t  infant s ca n succee d a t  wor d 
segmentatio n task s b y eigh t  month s o f  age ,  wel l  befor e th e 
onse t  o f  wor d productio n (Jusczy k &  Aslin ,  1995) . 

Ther e ar e man y possibl e cue s t o wor d boundarie s tha t 
migh t  b e exploited ,  includin g prosodi c regularities ,  a s wel l 
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as th e occasiona l  occurrenc e o f  utterance-fina l  pause s an d 
word s spoke n i n isolatio n (see ,  e.g. ,  Christoph e e t  al. , 
1994 ;  Jusczyk .  Cutler .  &  Redanz .  1993) .  Whil e al l  o f  thes e 
type s o f  informatio n ar e likel y t o b e helpful ,  non e alon e i s 
sufficien t  t o solv e th e wor d segmentatio n proble m (se e 
Saffra n e t  al. ,  i n press ,  fo r  discussion) .  However ,  on e 
importan t  sourc e o f  potentia l  informatio n lie s i n th e 
distributiona l  informatio n offere d b y th e sequence s o f  sound s 
withi n an d betwee n word s (Bren t  &  Cartwright ,  i n press ; 
Hayes &  Clark ,  1970 ;  Harris ,  1955 ;  Saffra n etai ,  i n press) . 
A wor d m a y b e define d a s a  fixed  serie s o f  sounds .  Th e 
learner ,  however ,  doe s no t  hav e direc t  acces s t o thi s 
information .  Rather ,  wha t  th e learne r  experience s i n th e 
inpu t  i s comple x statistica l  informatio n ove r  a  corpu s o f 
utterance s resultin g fro m th e concatenatio n o f  subwor d 
units .  Thi s informatio n wil l  tak e th e for m o f  relativel y 
stron g correlation s betwee n sound s foun d withi n words , 
contraste d wit h weake r  correlation s acros s wor d boundarie s 
(Haye s &  Clark ,  1970 ;  Saffra n e t  al ,  i n press) .  O n thi s 
view ,  on e migh t  discove r  word s i n linguisti c inpu t  i n m u c h 
th e sam e wa y tha t  on e discover s object s i n th e visua l 
environmen t  vi a motion :  th e spatial-tempora l  correlation s 
betwee n th e differen t  part s o f  th e movin g objec t  wil l  b e 
stronge r  tha n thos e betwee n th e movin g objec t  an d th e 
surroundin g visua l  environment . 

Severa l  recen t  computationa l  model s hav e illustrate d th e 
efficac y o f  distributiona l  cue s i n wor d segmentation .  O n e 
suc h mode l  demonstrate s tha t  distributiona l  informatio n ca n 
provid e appropriat e segmentation s whe n th e algorith m use d 
i s th e min imu m descriptio n lengt h principle ,  a n evaluatio n 
functio n whic h minimize s th e amoun t  o f  memor y neede d t o 
represen t  a  lexico n derive d fro m a  previousl y unsegmente d 
corpu s o f  speec h (Bren t  &  Cartwright ,  i n press) .  Othe r 
model s indicat e tha t  class-base d n-gra m an d feature-base d 
neura l  networ k model s ca n segmen t  speec h usin g 
transitiona l  probabilitie s (Cairn s e t  al ,  1994) ;  similarly , 
Elma n (1990 )  describe s a  simpl e recurren t  networ k abl e t o 
discove r  writte n word s i n unsegmente d tex t  b y computin g 
grade d co-occurrenc e statistic s (se e Wolff ,  1975 ,  fo r  simila r 
findings  usin g a  non-connectionis t  architecture) .  Thes e 
corpus-base d models ,  alon g wit h m a n y other s i n th e 
machin e speec h recognitio n literature ,  demonstrat e tha t 
statistica l  informatio n i s sufficien t  i n principl e fo r 
rudimentar y wor d segmentation^ . 

Can huma n learner s mak e us e o f  statistica l  cue s t o wor d 
boundaries ? I f  not ,  the n thi s wealt h o f  informatio n woul d b e 
of  littl e us e t o human s confronte d wit h continuou s speec h i n 
an unfamilia r  language .  Saffra n e t  a l  (i n press )  aske d 
whethe r  adul t  subject s wer e abl e t o us e difference s i n th e 

^No suc h algorith m i s error-free ;  neither ,  however ,  ar e youn g 
children ,  wh o ver y commonl y mak e segmentatio n error s ( a 
common undersegmentatio n erro r  i s treatin g a  phras e lik e 
"ham'ncggs "  a s a  singl e word) .  Suc h errors ,  however ,  ar e no t 
random ,  bu t  rathe r  reflec t  th e distributiona l  characteristic s o f 
th e inpu t  (e.g. .  Brown ,  1973) .  Recover y fro m segmentatio n 
error s occur s wit h mor e extensiv e inpu t  an d th e detectio n o f 
othe r  cue s correlate d wit h th e correc t  wor d boundaries . 
^Th e transitiona l  probabilit y  o f  Y/ X =  frequenc y o f  X Y 

frequency  o f  X 

transitiona l  probabilitie s betwee n sound s t o discove r  wor d 

boundaries ^  Acros s a  languag e corpus ,  th e transitiona l 
probabilit y  fro m on e soun d t o th e nex t  wil l  generall y b e 
greates t  whe n th e tw o sound s follo w on e anothe r  word -
internally ;  transitiona l  probabilitie s spannin g wor d 
boundarie s wil l  ten d t o b e relativel y low .  Afte r  onl y twent y 
minute s o f  exposure ,  adult s wer e abl e t o lear n th e 
multisyllabi c word s o f  a  nonsens e languag e presente d a s a 
synthesize d speec h strea m containin g n o cue s t o wor d 
boundarie s excep t  fo r  transitiona l  probabilitie s (Saffra n e t 
al ,  i n press) .  Moreover ,  thi s sam e resul t  wa s obtaine d wit h 
first-grad e childre n a s wel l  a s adults ,  eve n w h e n th e 
presentatio n o f  th e speec h strea m occurre d i n th e 
background ,  whil e subject s wer e engage d i n anothe r  tas k an d 
neithe r  tol d t o liste n no r  t o lear n (Saffra n e t  a l ,  unde r 
review) .  Th e abilitie s o f  h u m a n learner s t o perfor m suc h 
statistica l  computation s implicitly ,  durin g mer e exposure , 
ar e quit e impressive .  Thi s suggest s tha t  thi s learnin g 
mechanis m operate s automatically ,  m u c h a s on e woul d 
expec t  fro m a  learnin g mechanis m hypothesize d t o underli e 
learnin g i n childre n to o youn g t o engag e i n consciou s 
hypothesi s testing . 

Th e crucia l  subject s fo r  suc h investigation s ar e infant s o f 
th e ag e a t  whic h rudimentar y wor d segmentatio n first  occurs . 
Languag e learnin g task s ar e ofte n see n a s to o difficul t  fo r  th e 
limite d abilitie s o f  infants ;  indeed ,  ou r  lac k o f  knowledg e 
regardin g infan t  learnin g ha s ofte n le d theorist s t o assum e 
tha t  becaus e a  learnin g tas k seem s difficult ,  i t  mus t  b e 
solve d innately .  However ,  th e shee r  volum e o f  informatio n 
tha t  infant s d o i n fac t  lear n abou t  thei r  nativ e language , 
m u ch o f  whic h coul d no t  possibl y b e encode d innately , 
suggest s tha t  youn g infant s m a y i n fac t  b e fa r  bette r  a t 
extractin g statistica l  regularitie s fro m th e inpu t  tha n ha s 
generall y bee n assumed . 

Recen t  researc h suggest s tha t  infant s m a y i n fac t  b e 
attune d t o th e kind s o f  distributiona l  informatio n whic h 
serv e t o cu e wor d boundaries .  Fo r  example ,  infant s a s youn g 
as tw o month s o f  ag e ar e abl e t o remembe r  th e orde r  o f 
spoke n words ,  a s lon g a s th e word s ar e spoke n wit h norma l 
sententia l  prosod y (Mandel ,  Kemle r  Nelson ,  &  Jusczyk ,  i n 
press) .  B y eigh t  month s o f  age ,  infant s ar e abl e t o detec t 
consistentl y ordere d two-syllabl e unit s presente d i n brie f 
repetitiv e utterance s (Goodsitt ,  Morgan ,  &  Kuhl ,  1993) .  Th e 
nex t  ste p i s t o determin e whethe r  infant s ar e abl e t o kee p 
trac k o f  th e arra y o f  probabilitie s foun d i n multisyllabi c 
sequence s t o discove r  wor d boundaries ,  i n th e absenc e o f  an y 
othe r  cue s t o wor d boundaries .  Th e presen t  stud y provide s 
some preliminar y indication s tha t  infant s ca n i n fac t  us e th e 
orde r  o f  th e sound s tha t  the y hea r  t o extrac t  word-lik e units . 

Method 

This study used a brief familiarization period combined with 
th e headtur n preferenc e procedur e widel y use d i n infanc y 
researc h (Jusczy k &  Aslin ,  1995) .  I n thi s methodology , 
infant s ar e first  expose d t o a n auditor y stimulu s whic h 
serve s a s a  potentia l  learnin g experience .  Followin g thi s 
exposure ,  th e infan t  i s presente d wit h tw o type s o f  auditor y 
stimuli :  familia r  stimuli ,  lik e thos e presente d durin g th e 
familiarizatio n period ,  an d nove l  stimuli .  Th e infant' s 
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listenin g preference s ar e the n assessed .  T w o possibl e 
outcome s sugges t  tha t  learnin g ha s occurred .  Infant s o f  thi s 
age generall y prefe r  t o liste n t o somewha t  familia r  items ;  i n 
thi s case ,  th e infant s shoul d prefe r  t o liste n t o th e item s 
simila r  t o thos e hear d durin g th e familiarizatio n period ,  i f 
learnin g di d i n fac t  occur .  However ,  th e opposit e effec t 
woul d als o signa l  learning :  i f  th e infant s ha d learne d an d 
habituate d t o th e familiarizatio n stimuli ,  the n a  nove l 
stimulu s woul d b e mor e engaging .  N o preferenc e would ,  o f 
course ,  fai l  t o indicat e tha t  an y learnin g ha d occurred . 

I n th e presen t  study ,  infant s wer e familiarize d wit h a n 
artificia l  speec h stream ,  consistin g o f  fou r  trisyllabi c 
nonsens e word s repeate d i n rando m orde r  b y a  speec h 
synthesizer .  Th e synthesize r  wa s give n n o informatio n 
regardin g wor d boundaries ,  an d thu s spok e th e speec h strea m 
continuousl y i n a  monotone ,  withou t  an y acousti c cue s t o 
wor d boundaries .  Th e onl y cue s t o wor d boundarie s wer e 
statistical ;  th e transitiona l  probabilitie s betwee n syllable s 
withi n word s wer e greate r  tha n th e transitiona l  probabilitie s 
betwee n syllable s spannin g wor d boundaries .  Followin g a 
two-minut e exposure ,  th e infants '  learnin g wa s assesse d b y 
determinin g whethe r  the y preferre d t o liste n t o 'words '  fro m 
th e nonsens e language ,  o r  'nonwords' ,  whic h consiste d o f  th e 
s a me syllable s tha t  th e infant s ha d hear d durin g 
familiarizatio n bu t  n o w presente d i n a  nove l  order .  A 
significan t  preferenc e fo r  eithe r  word s o r  nonword s would ,  a s 
discusse d above ,  signa l  tha t  th e syllabl e order s hear d durin g 
familiarizatio n ha d bee n learne d t o th e exten t  tha t  th e infant s 
coul d distinguis h the m fro m nove l  syllabl e orders . 
Sub jec ts .  1 6 infant s (nin e male ,  seve n female) , 
approximatel y eigh t  month s o f  age ,  participate d i n th e 
study .  Thre e additiona l  infant s wer e teste d bu t  no t  include d 
i n th e analysi s fo r  th e followin g reasons :  experimente r  erro r 
(2) ,  an d cryin g (1) . 
Stimuli .  T w o counterbalance d stimulu s condition s wer e 
generated .  Fo r  eac h condition ,  4 5 token s o f  eac h o f  fou r 
trisyllabi c nonsens e word s (Conditio n A :  tupiro ,  golabu , 
bidaku ,  padoti ;  Conditio n B :  dapiku ,  tilado ,  burobi ,  pagotu ) 
wer e digitize d t o creat e two-minute-lon g speec h su-eams .  Th e 
word s wer e spoke n i n rando m order ,  wit h th e stipulatio n tha t 
th e sam e wor d neve r  occurre d twic e i n a  row .  A  speec h 
synthesize r  (MacinTalk )  generate d th e speec h strea m a t  a  rat e 
of  2 7 0 syllables/minut e wit h equivalen t  level s o f 
coarticulatio n betwee n al l  syllables ;  n o pause s o r  an y othe r 
acousti c o r  prosodi c cue s t o wor d boundarie s wer e present .  A 
sampl e o f  th e speec h strea m use d i n Conditio n A  wa s 
analogou s t o th e followin g orthographi c representation : 
bidakupadotigolabubidakutupiro.. .  Th e onl y cue s t o wor d 
boundarie s wer e th e transitiona l  probabilitie s betwee n 
syllabl e pair s ove r  th e languag e corpus ,  whic h wer e highe r 
withi n word s (al l  1.0 )  tha n acros s wor d boundarie s (al l  .33) . 

T o asses s learning ,  eac h infan t  wa s presente d wit h 
repetition s o f  fou r  trisyllabi c string s {tupiro ,  golabu ,  dapiku , 
tilado )  durin g th e tes t  phase .  Fo r  th e infant s i n Conditio n A , 
th e firs t  tw o tes t  string s wer e words '  whic h ha d bee n playe d 
durin g familiarization ,  an d th e las t  tw o tes t  string s wer e 
'nonwords' ,  tha t  is ,  syllable s whic h the y ha d hear d durin g 
familiarizatio n bu t  n o w presente d i n a  nove l  orde r  (th e 
transitiona l  probabilitie s betwee n th e syllable s i n th e 
nonword s wer e al l  zer o relativ e t o th e familiarizatio n 

corpus) .  Fo r  infant s i n Conditio n B ,  th e firs t  tw o tes t 
string s wer e 'nonwords '  an d th e las t  tw o tes t  string s wer e 
'words' .  Thi s between-subject s counterbalance d desig n 
ensure d tha t  an y observe d preference s fo r  word s o r  nonword s 
acros s bot h condition s woul d no t  b e artifact s o f  an y genera l 
preference s fo r  certai n syllabl e strings .  A  tes t  tria l  consiste d 
of  repetition s o f  a  tes t  string .  Eac h o f  th e fou r  tes t  string s 
wer e presente d o n thre e differen t  trials ,  resultin g i n a  tota l  o f 
12 tes t  trial s pe r  infant .  Not e tha t  th e string s use d i n th e tes t 
wer e generate d i n citatio n for m b y th e speec h synthesizer , 
and thu s ha d acousti c propertie s quit e differen t  fro m th e sam e 
string s presente d i n th e continuou s speec h stream . 
Des ign .  Hal f  o f  th e infant s wer e assigne d t o eac h 
familiarizatio n condition .  Durin g th e tes t  phase ,  al l  infant s 
hear d th e sam e 1 2 tes t  trials ,  randomize d fo r  eac h subject . 
Procedure .  Durin g a n experimenta l  session ,  th e infan t  wa s 
seate d o n a  parent' s la p i n a  soun d attenuate d booth .  A  vide o 
camer a wa s place d directl y i n front  o f  th e infant ,  allowin g 
th e experimente r  t o observ e th e sessio n vi a a  vide o monito r 
outsid e th e booth .  Als o directl y i n fron t  o f  th e infan t  wa s a 
blinkin g re d light ,  use d t o brin g th e infant' s gaz e bac k t o 
midlin e betwee n trials .  Blinkin g yello w light s wer e mounte d 
on th e right  an d lef t  side s o f  th e booth ,  alon g wit h hidde n 
speakers .  Bot h th e paren t  an d th e experimente r  wor e 
headphone s playin g lou d maskin g music .  Becaus e th e 
differen t  tes t  trial s wer e randoml y assigne d t o th e righ t  o r 
lef t  speaker ,  an d th e experimente r  coul d no t  hea r  th e stimuli , 
th e experimente r  wa s blin d t o whic h stimulu s wa s bein g 
presente d o n an y give n trial . 

Durin g th e familiarizatio n phase ,  th e tw o minut e speec h 
strea m wa s playe d continuousl y throug h bot h speakers . 
Blinkin g light s wer e use d t o hel p maintai n infants '  interest ; 
th e lights ,  bu t  no t  th e speech ,  wer e contingen t  upo n th e 
infant' s lookin g behavior .  Eac h tria l  bega n wit h th e blinkin g 
cente r  light .  Onc e th e infan t  ha d fixate d o n th e cente r  light , 
th e experimente r  signale d th e Macintos h Quadr a 65 0 runnin g 
th e stud y t o tur n of f  th e cente r  ligh t  an d blin k on e o f  th e 
sid e lights ,  whereupo n th e infan t  woul d tur n t o fixat e th e 
n o w blinkin g sid e light .  Th e sid e ligh t  woul d continu e t o 
blin k unti l  th e infan t  ha d looke d awa y fro m i t  fo r  tw o 
seconds .  A t  tha t  point ,  th e cente r  ligh t  woul d begi n 
flashing ,  an d a  ne w tria l  woul d begin . 

Th e tes t  phas e wa s similar ,  excep t  tha t  th e numbe r  o f 
repetition s o f  th e tes t  stimul i  wa s contingen t  upo n th e 
infants '  listenin g preferences .  W h e n th e infan t  turne d t o loo k 
at  th e blinkin g sid e light ,  on e o f  th e fou r  tes t  string s wa s 
repeate d fro m th e speake r  o n tha t  side ,  unti l  th e infan t 
looke d awa y fo r  a  prese t  criterio n o f  tw o second s (o r  unti l 
th e tes t  strin g ha d bee n repeate d 1 5 times) .  Th e lookawa y 
criterio n signalle d a  los s o f  interes t  i n tha t  particula r  tes t 
string .  Eac h infan t  thu s onl y hear d eac h tes t  strin g a s lon g 
as i t  remaine d interestin g t o him/her .  Listenin g time s t o 
eac h typ e o f  tes t  stimulu s reflecte d eac h infant' s listenin g 
preferences ;  thes e wer e tabulate d on-Hn e b y th e computer . 

Results 

We first compared the listening patterns of infants in the 
tw o counterbalance d condition s wit h on e anothe r  t o ensur e 
tha t  ther e wer e n o overal l  preference s fo r  an y particula r  tes t 
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item s regardles s o f  familiarization .  Thi s wa s don e b y 
computin g a  differenc e scor e betwee n mea n listenin g time s 
fo r  word s an d nonword s fo r  eac h infant ,  an d comparin g th e 
infant s fro m th e tw o condition s wit h a  t-test .  A s n o 
difference s wer e foun d (/(14 )  =  1.3 ,  n.s.) .  dat a fro m th e tw o 
condition s wer e combine d i n th e primar y analysis . 

We the n compare d listenin g time s t o th e 'words '  versu s 
th e 'nonwords' .  A  matched-pair s t-tes t  reveale d tha t  th e nove l 
'nonwords '  wer e listene d t o significantl y longe r  tha n th e 
famiUa r  'words' :  f(15 )  =  2.8 ,  p  <  .02 .  Mea n hstenin g score s 
ar e presente d i n Figur e 1 .  Twelv e o f  th e 1 6 infant s listene d 
longe r  t o th e nove l  stimuli .  Thi s novelt y preferenc e (o r 
dishabituatio n effect )  indicate s tha t  th e infant s clearl y 
recognize d tha t  th e nove l  ordering s o f  tes t  syllable s wer e i n 
fac t  nove l  an d distinc t  fro m th e order s tha t  die y ha d learne d 
durin g th e familiarizatio n phase .  Moreover ,  thi s effec t  coul d 
not  hav e bee n simpl y du e t o memor y fo r  th e low-leve l 
acousti c pattern s presente d durin g familiarization ,  a s th e 
acousti c propertie s o f  th e tes t  words '  wer e quit e differen t 
fro m th e sam e words '  presen t  i n th e speec h stream .  Rather , 
th e infant s appea r  t o hav e learne d an d remembere d a  mor e 
abstrac t  representatio n o f  th e string s o f  sound s tha t  the y 
hear d durin g familiarization . 
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Figur e 1 :  Mea n listenin g time s t o th e familia r  (words )  an d 
nove l  (nonwords )  stimuli . 
Erro r  bar s =  1  standar d error . 

Discussion 

Despite the impoverished state of the speech stream used in 
thi s stud y -  a  learnin g stimulu s devoi d o f  prosody ,  pauses , 
or  an y othe r  cue s t o wor d boundarie s sav e statistica l  cue s -
eight-month-ol d infant s nevertheles s succeede d a t  learnin g 
th e word s o f  th e languag e t o whic h the y wer e exposed ,  a t 
leas t  t o th e exten t  tha t  the y coul d distinguis h the m fro m th e 
same syllable s i n nove l  orders .  Thi s i s b y n o mean s a  trivia l 
accomplishment .  Despit e th e ubiquit y o f  event s whic h 
unfol d i n time ,  th e discover y an d representatio n o f  seria l 
orde r  i s generall y considere d t o b e a  difficul t  technica l 
proble m (e.g. ,  Elman ,  1990) .  Moreover ,  infant s i n thi s 
stud y ha d n o particula r  incentiv e t o kee p trac k o f  co -

occurrences .  Rather ,  th e discover y o f  th e word s withi n th e 
continuou s speec h strea m appear s t o b e a  natura l  outcom e o f 
exposur e t o patterne d input .  Thi s proces s i s particularl y 
impressiv e give n th e brevit y o f  exposur e necessar y fo r 
learning ;  th e infant s i n thi s stud y wer e familiarize d wit h th e 
speec h fo r  a  mer e tw o minutes . 

Of  course ,  i n actua l  languag e learning ,  othe r  cue s ar e 
likel y t o b e presen t  an d use d b y infant s discoverin g th e wor d 
boundarie s o f  thei r  nativ e language .  Suc h cue s ar e likel y t o 
be particularl y effectiv e whe n use d i n tande m wit h 
distributiona l  cues .  Fo r  example ,  Bren t  &  Cartwrigh t  (i n 
press )  demonstrate d tha t  phonotacti c informatio n make s a n 
additiv e contributio n t o distributiona l  informatio n i n thei r 
computationa l  mode l  o f  wor d segmentation .  Alle n an d 
Christianse n (1996 )  argu e tha t  th e integratio n o f  suc h cue s 
allow s fo r  a n interactio n whic h i n itsel f  i s  a  powerfu l 
catalys t  fo r  learning .  Thes e modelin g result s ar e supporte d 
by behaviora l  dat a whic h sugges t  tha t  9-month-ol d infant s 
ar e sensitiv e t o mismatche s o f  distributiona l  an d prosodi c 
regularitie s (e.g. ,  Morga n &  Saffiran ,  1995) . 

The result s presente d her e indicat e tha t  infant s posses s a t 
leas t  th e minima l  computationa l  machiner y neede d t o 
discove r  th e regularitie s o f  thei r  language :  th e abilit y  t o 
detec t  an d represen t  seria l  orde r  information .  Thi s i n itsel f  i s 
not  sufficien t  fo r  wor d segmentation ,  whic h require s th e 
extractio n o f  relativ e frequencie s o f  ordere d string s t o 
comput e transitiona l  probabilities ,  bu t  i t  i s  a  necessar y 
prerequisit e fo r  thi s process .  I n fact ,  recen t  researc h i n ou r 
laborator y ha s demonstrate d tha t  eight-month-ol d infant s ca n 
use th e relativ e frequencie s o f  co-occurrenc e o f  soun d pair s t o 
detec t  wor d boundarie s (Saffran ,  Aslin ,  &  Newport ,  unde r 
review) ,  lendin g furthe r  suppor t  t o th e presen t  results . 

Mo r e generally ,  futur e researc h mus t  continu e t o 
investigat e th e mean s b y whic h youn g learner s mak e us e o f 
th e wealt h o f  statistica l  informatio n availabl e t o the m i n th e 
languag e input .  Th e combinatio n o f  innatel y constraine d 
learnin g mechanism s an d statisticall y ric h inpu t  i s 
potentiall y  immensel y powerful ,  an d i t  i s imperativ e dia t  w e 
gai n a  greate r  understandin g o f  th e way s i n whic h thi s 
interactio n render s youn g human s suc h super b languag e 
learners .  Th e presen t  experimen t  i s on e o f  a  fe w recen t 
studie s whic h hav e begu n t o documen t  th e rapidit y an d 
exten t  o f  infan t  learnin g usin g carefull y controlle d exposure s 
i n th e laborator y (se e als o Goodsit t  e t  al ,  1993 ;  Jusczy k & 
Aslin ,  1995 ;  Morga n &  Saffran ,  1995) .  I t  ma y therefor e b e 
prematur e t o assume ,  a s man y researcher s have ,  tha t  th e 
prodigiou s abilitie s o f  youn g infant s necessaril y  reflec t 
innatel y specifie d knowledge .  Rather ,  wha t  ma y b e innat e i s 
th e huma n capacit y t o lear n an d reorganiz e th e regularitie s 
whic h structur e ou r  environment ,  thereb y allowin g infant s 
t o mak e sens e o f  wha t  m a y initiall y  b e a  "blooming , 
buzzing ,  confusion" . 
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