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Syllabl e Pr imin g an d Lexica l  Representations : 

Evidenc e f ro m Experiment s a n d Simulation s 

David P. Corina Ph.D. 
U.S.C .  Progra m i n Neuroscienc c 

HNB 18C ,  Universit y Park ,  Lo s Angele s C A 90089-252 0 
corina@gizmo.usc.ed u 

Abstract . 

This paper explores the composition of syllable 
structur e i n lexica l  representations .  Dat a fro m auditor y 
lexica l  decisio n experiment s ar e presente d whic h 
demonstrat e tha t  syllabl e structur e i s represente d i n th e 
menta l  lexico n an d tha t  th e effect s o f  syllabl e suuctur e 
ar e separabl e fro m share d segmenta l  overlap .  Th e dat a 
als o indicat e tha t  syllabl e representation s correspon d t o 
a surfac e syllabl e rathe r  tha n a n abstrac t  underlyin g 
syllabl e posite d b y som e linguisti c theories .  Thes e 
finding s rais e question s concernin g th e origi n o f 
syllabl e structur e i n lexica l  representations .  A 
connectionis t  simulatio n utilizin g th e T IM I T dat a bas e 
shows tha t  syllable-lik e structur e ma y b e induce d fro m 
exposur e t o phoneti c input .  Take n togethe r  thes e result s 
sugges t  tha t  knowledg e o f  surfac e syllabl e structur e i s 
activel y use d i n understandin g languag e an d thi s 
knowledg e ma y deriv e from  a  speaker' s experienc e wit h 
language . 

Introduct io n 

An important enterprise in psycholinguistic research is 
determinatio n o f  th e lexica l  propertie s whic h underli e 
our  knowledg e o f  language .  Earl y wor k i n thi s are a ha s 
identifie d th e importanc e o f  semanti c relatednes s i n th e 
organizatio n o f  th e menta l  lexico n (Neely ,  1977) .  Les s 
wel l  understoo d i s  whethe r  phonologica l  propertie s 
facto r  i n thi s organization .  Studie s indicat e tha t  whe n a 
subjec t  i s  aske d t o determin e whethe r  th e secon d 
member  o f  a  wor d pai r  i s a  wel l  forme d Englis h word , 
reactio n time s ar e significantl y shorte r  i f  th e precedin g 
wor d share s som e phonologica l  similarit y (e.g . 
M A K E / B A KE vs .  R U N / B A K E )  (Meyer ,  Schaneveldt . 
& Ruddy ,  1974 ;  Hillinger .  1980 ;  Jakimik ,  Col e & 
Rudnicky ,  1985 ;  Slowiaczek ,  Nusbaum ,  &  Pisoni , 
1987 ;  an d Emmorey ,  1987. )  However ,  th e exac t  locu s 
of  thes e primin g effect s remai n unclear .  T w o 
competin g factor s ar e implicate d i n phonologica l  for m 
base d priming :  First ,  th e amoun t  o f  phonologica l 
overla p (e.g .  wor d pair s lik e B L A N D / B L A C K wher e 

thre e segment s overla p ar e mor e likel y t o prim e tha n 
fiLEED/SLACK  wher e onl y tw o segment s overlap) . 

Second ,  th e structur e o f  th e overla p (e.g .  word s pair s 

lik e B A . L O O N / S A . L O O N ,  wher e fina l  syllable s 
overlap ,  ar e m o r e likel y t o pr im e tha n 
BREA.KING/SMI .L ING ,  wher e th e final  syllable s ar e 
phoneticall y  different) .  Unfortunatel y i n pas t  studie s 
thes e tw o factors ,  amoun t  o f  phonologica l  overla p an d 
th e structur e o f  th e overlap ,  hav e bee n confounded .  Th e 
presen t  stud y wa s designe d t o disentangl e th e effect s o f 
share d segmenta l  an d syllabi c overla p b y directl y pittin g 
segment s an d syllable s agains t  on e anothe r  whil e 
holdin g constan t  th e absolut e numbe r  o f  share d 
phonemes . 

E x p e r i m e n t  1 . 

Syllabl e vs .  S e g m e n t  P r i m i n g 

To explore the effects of shared syllabic and 
segmenta l  overlap ,  w e compar e primin g effect s i n tw o 
group s o f  words ;  wor d pair s whic h shar e syllabi c 
overla p (eithe r  a n initia l  syllable ; 
E A M P E R y P A M . P H L E T,  o r  a  fina l  syllable ; 

DU.RESS/CA.RESS' t  an d word s whic h shar e onl y 

segmenta l  overla p (e.g .  S T A C K / S T A B an d 

BLIS.TER/BLIZ.ZARD) .  I n al l  case s phonologica l 

overla p i s approximatel y thre e phonemes . 
Comparin g magnitud e o f  primin g fo r  thes e group s o f 

word s permit s u s t o systematicall y facto r  ou t  primin g 
effect s arisin g fro m th e quantit y o f  segmenta l  overla p 
fro m primin g arisin g fro m th e structur e (i.e. ,  syllabl e 
structure )  o f  thi s overlap .  Specifically ,  i f  i t  i s  simpl y 
th e amoun t  o f  share d segmenta l  overla p whic h 
determine s phonologica l  form-base d priming ,  the n 
monosyllabi c word s suc h a s S T A C K / S T A B shoul d 

sho w greate r  primin g tha n th e bisyllabi c word s whic h 
shar e a  syllabl e ( P A M - P E R / P A N I P H L E T & 

DU.RESS/CA.RESS) .  Not e tha t  i n monosyllabi c 
words ,  approximatel y 3/ 4 o f  th e segment s ar e identica l 
wherea s i n th e bisyllabi c word s onl y approximatel y 1/ 2 
of  thei r  tota l  segment s overlap .  I f  o n th e othe r  han d i t  i s 
th e structur e o f  th e overla p whic h i s  importan t  i n 
phonologica l  priming ,  w e expec t  greate r  primin g fo r 
bisyllabi c word s whic h shar e a n initia l  o r  final  syllabl e 
relativ e t o monosyllabi c word s whic h d o no t  shar e 
syllabi c overlap .  Importantly ,  i n eac h case ,  th e amoun t 
of  segmenta l  overla p i s approximatel y thre e phonemes . 
Finall y i n thi s las t  compariso n ther e i s a  possibl e sourc e 
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of  confound .  Specifically ,  i f  greate r  primin g i s foun d 
fo r  th e bisyllabi c word s relativ e t o th e monosyllabi c 
words ,  w e canno t  b e sur e th e whethe r  observe d primin g 
i s uniquel y attributabl e t o th e share d syllable s o r  rathe r 
some independen t  propert y o f  bisyllabi c words ,  suc h a s 
shee r  acousti c duration .  Tha t  is ,  sinc e bisyllabi c word s 
ar e acousticall y longe r  the y migh t  sho w mor e robus t 
primin g tha n th e shorte r  monosyllabi c words .  T o 
contro l  fo r  thi s confound ,  w e includ e bisyllabi c word s 
whic h shar e onl y a  consonan t  cluste r  an d a  vowe l  bu t 
not  a n entir e syllabl e (e.g .  BLIS.TER/BLIZ.ZARD) . 

T h e inclusio n o f  thes e wor d form s wil l  permi t 
examinatio n o f  th e acousti c duratio n facto r  i n th e 
presen t  experiment .  T o summarize ,  thi s experimen t  i s 
designe d t o determin e whethe r  th e amoun t  o f  segmenta l 
overla p o r  th e structur e o f  th e overla p (i.e .  syllabl e 
structure )  i s critica l  i n phonologica l  form-base d 
priming .  W e evaluat e phonologica l  primin g usin g a n 
auditor y lexica l  decisio n paradigm . 
M e t h o d .  Eightee n college  student s listene d t o 
auditoril y  presente d wor d pair s wit h a n I.S.I ,  o f  10 0 
msec,  i n a n acousticall y controlle d room .  Subject s wer e 
t o decid e th e lexica l  statu s o f  th e secon d wor d o f  eac h 
pair .  Subject s presse d on e o f  tw o compute r  key s t o 
indicat e thei r  choice .  Reactio n tim e t o respon d 
measure d fro m th e en d o f  th e secon d wor d constitute d 
th e dependen t  variable .  Fo r  eac h conditio n stimul i  list s 
consiste d o f  1 8 related-pai r  trials .  1 8 unrelated-pai r 
trial s an d 1 8 fille r  items .  T o determin e i f  primin g effect s 
ar e presen t  reactio n time s t o related-pai r  trial s ( e g . 
S T A C K / S T A B)  ar e compare d t o unrelated-pai r  trial s 
(e.g .  T R I M / S T A B ) . 

Share d Syllable s 

Initia l 

Fina l 

35.7 * 

60.0 * 

Share d Phoneme s 

Example s 

EAM.PER/EAM.PHLET 

DU.RESS/CA.RESS 

Examples 

MonosyUabi c 59.1 *  S T A C K / S T A B 

BisyUabi c -6. 1 m j Z Z A R D / B l J S . T E R 

Priming in msec. (* p < .01) 
Tabl e 1 

Results. The results presented in Table 1 indicate 
significan t  primin g fo r  word s whic h share d syllabl e 
overla p (bot h initia l  an d final).  I n addition ,  segmen t 
primin g wa s foun d onl y fo r  monosyllabi c words , 

bisyllabi c word s whic h share d a n initia l  consonan t 
cluste r  an d a  vowe l  (bu t  no t  a n entir e syllable )  di d no t 
sho w priming .  Th e result s ar e consisten t  wit h a 
spreadin g activatio n mode l  o f  lexica l  acces s i n whic h 
bot h segment s an d syllable s ar e overtl y represented . 
Moreove r  th e dat a sugges t  tha t  highe r  orde r  syllabl e 
representation s permi t  propagatio n o f  activatio n ove r 
time .  Not e fo r  example ,  w e fin d significan t  primin g fo r 

bisyllabi c word s whic h shar e a n initia l  syllabl e 
(PAM.PER/PAM.PHLET ^  bu t  no t  fo r  bisyllabi c word s 

w h i c h over la p onl y i n segmen t s 
(BLIS.TER/BLIZ.ZARD V Thi s resul t  indicate s tha t  th e 

syllabl e ha s a  statu s independen t  o f  th e absolut e numbe r 
of  share d phonemes .  T w o importan t  finding s emerg e 
fro m thi s study :  1 )  Th e result s suppor t  a  mode l  o f 
lexica l  representatio n i n whic h syllabl e su-uctur e i s 
overtl y represente d i n th e lexicon .  2 )  Th e result s revea l 
tha t  th e effect s o f  share d syllabl e overla p ar e separabl e 
fro m share d segmenta l  overlap .  Howeve r  question s 
remai n a s t o th e exac t  natur e o f  thes e syllabl e 
representations . 

E x p e r i m e n t  2 . 

U n d e r l y i n g vs .  S u r f a c e Syllabl e P r i m i n g 

We may make a distinction between surface 
syllabificatio n an d underlyin g syllabification .  Conside r 
fo r  exampl e th e wor d "pony" .  I n slo w carefu l  speec h 
speaker s syllabif y thi s wor d a s /po.ni/ ,  reflectin g 
perhap s th e underlyin g syllabl e boundaries .  Howeve r  i n 
fast ,  everyda y speech ,  w e migh t  represen t  th e 
syllabificatio n a s /pon.ni /  wher e th e /n /  appear s t o b e a 
member  o f  bot h firs t  an d las t  syllable .  Thi s pars e i s a 
reflectio n o f  surfac e leve l  syllabl e structure .  Recen t 
wor k i n linguisti c theor y ha s greatl y elaborate d th e 
difference s betwee n underlyin g syllabl e structur e an d 
surfac e syllabl e structure .  T w o difference s whic h facto r 
th e constructio n o f  th e stimul i  use d i n th e presen t 
experimen t  include :  1 )  scop e o f  syllabificatio n an d 2 ) 
th e degre e o f  interna l  constituency .  Thes e difference s 
provide  a  basi s fo r  determinin g whethe r  th e syllabl e 
primin g observe d i n Experimen t  1  i s a  reflectio n o f 
surfac e o r  underlyin g syllabl e representations . 

Th e scop e o f  syllabificatio n differ s fo r  underiyin g 
and surfac e syllables .  I t  ha s bee n argue d tha t  th e 
domai n o f  syllabificatio n fo r  underlyin g syllable s i s 
limited ,  wherea s surfac e syllabificatio n i s considere d 
exhaustive .  Th e "smaller "  underlyin g syllabl e serve s a s 
a constrain t  whic h interact s wit h wor d formatio n 
processe s (Borowsky ,  1989) .  A  secon d differenc e 
concern s th e presenc e o r  absenc e o f  interna l  syllabl e 
constituency .  Interna l  constituenc y refer s t o 
hypothetica l  sub-unit s whic h compris e th e syllable , 
thes e includ e th e onset ,  nucleus ,  rime,  an d coda .  Thei r 
i s  considerabl e evidenc e fro m speec h productio n an d 
speec h plannin g fo r  th e importanc e o f  thes e constituent s 
i n surfac e syllable s (Fromki n 1971 ,  Stemberge r  1985 ; 
Yaniv ,  Meyer ,  Gordon ,  Huff ,  &  Sevald ,  1990) . 
However  ther e i s fa r  les s evidenc e fo r  syllabl e 
constituenc y i n underlyin g syllabl e representation s 
(Clement s &  Keyse r  1983) . 
Wit h thes e tw o difference s i n min d w e ca n construc t 
stimul i  set s whic h contras t  surfac e an d underiyin g 
syllabl e sUiictures .  Tabl e 2  illusu-ate s underiyin g an d 
surfac e representation s o f  th e wor d pair s F A K E / F A T E 
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and F A K E / B A K E .  I n monosyllabi c word s wit h lon g 
vowels ,  fina l  segment s ar e extrametrica l  a t  th e leve l  o f 
undCTlyin g syllabl e structur e (Meyers ,  1987 ;  Borowsky , 
1989) .  I n th e diagrams ,  lon g vowel s ar e represente d a s 
a doubl e occurrenc e o f  /a /  i n keepin g wit h curren t 
phonologica l  theory .  Not e tha t  i n th e underlyin g 
representations ,  onl y th e initia l  consonant s an d th e 
vowel  fal l  unde r  th e scop e o f  th e syllable ,  fina l 
consonant s ar e exclude d fro m thi s domai n o n th e basi s 
of  extrametricalit y (henc e marke d "ex. "  i n th e diagram) . 

Underlying: 

Underlying : 

Surface : 

Surface : 

o 

/ A 
fa a k 

ex. 

O 

/ A 
fa a k 

\ 
ex. 

O 

A 
0 R 
1 1  \ 
1 N  C 
1 A  1 
f  a a k 

O 

A 
0 R 
1 1  \ 
1 N  C 
1 A  1 
f  a a k 

a 

/ A 
fa a t 

a 

/ A 
ba a k 

o 

A 
0 R 
1 1  \ 
1 N  C 
1 A  1 
f  a a t 

CT 

A 
0 R 
1 1  \ 
1 N  C 
1 A  1 

b a a k 

ex. 

ex. 

Tabl e 2 

Extrametricality expresses the general tendency for 
domain-periphera l  element s t o b e skippe d ove r  b y rule s 
sensitiv e t o metrica l  structur e (Hayes ,  1982) .  Whil e 
originall y conceive d t o ai d i n th e descriptio n o f  stres s 
systems ,  mor e recentl y exo-ametricalit y  ha s bee n show n 
t o interac t  wit h th e realizatio n o f  segmenta l  conten t  a t 
th e syllabl e level .  A s state d abov e th e domai n o f 
underlyin g syllable s structur e i s limited , 
extrametricalit y i s on e forma l  devic e fo r  expressin g 
limitation s o n underlyin g syllabl e structure .  Give n 
thes e underlyin g representations ,  th e word s F A T E an d 
F A KE wil l  shar e th e underlyin g syllabl e /faa/ ,  wherea s 
th e word s F A K E an d B A K E diffe r  i n thei r  initia l 
underlyin g syllable s (e.g .  /faa /  an d /baa /  respectively) . 

I n contrast ,  i n th e surfac e representation s al l 
phonemes ar e exhaustivel y syllabifie d an d interna l 
constituenc y i s represented ,  (e.g .  onse t  (O) ,  rim e (R ) 
nucleu s (N )  an d cod a (C) .  Whil e neithe r  wor d pai r 
share s an d entir e syllable ,  th e wor d pai r  F A K E / B A K E , 
do shar e th e interna l  rime  constituen t  /aak/ ,  contrariwis e 
th e pair s F A T E / F A K E lac k thi s relationship . 

We predic t  tha t  i f  underiyin g syllabi c structur e i s 
bein g prime d the n th e wor d pair s sharin g a n entir e 
underlyin g syllabl e (e.g. ,  F A K E / F A T E )  shoul d sho w a 
primin g effec t  greate r  tha n tha t  o f  th e word s whic h onl y 
shar e partia l  segmenta l  overla p (e.g. ,  F A K E / B A K E ) . 
On th e othe r  hand ,  i f  surfac e leve l  syllabificatio n i s 
contributin g t o priming ,  w e predic t  tha t  th e word s 
F A KE an d B A K E m a y sho w greate r  primin g du e t o 
thei r  share d surfac e syllabl e constituency .  I n summary . 
comparin g primin g i n word s set s whic h shar e thes e 
characteristic s (share d underlyin g syllable s versu s 
share d surfac e syllabl e constituents )  w e m a y asses s 
whethe r  syllabl e primin g observe d i n Experimen t  1 
owes t o th e activatio n o f  surfac e leve l  o r  underlyin g 
syllabl e representations . 
M e t h o d .  Th e dat a se t  consiste d o f  te n monosyllabi c 
targe t  words .  Thre e differen t  prime s wer e constructe d 
fo r  eac h targe t  word .  I n on e cas e th e prime s share d 
underiyin g syllabi c structur e (e.g. .  F A T E /  F A K E )  i n 
anothe r  case ,  th e prime s wer e rhymin g pair s sharin g 
surfac e syllabl e constituent s (e.g. .  B A K E / F A K E ) . 
Thes e tw o classe s o f  relatednes s wer e compare d t o 
phonologicall y unrelate d prime s (e.g. .  W I P E / F A K E ) . 
Metho d an d subject s wer e th e sam e a s i n Experimen t  1 . 

Underlying Syllable 28 (n.s.) FATE/FAKE 

Surface Syllable 54* BAKE/FAKE 

Priming in msec. (*p < .02) 

Table 3 

Results. The results shown in table 3 reveal that words 
whic h shar e a  surfac e syllabl e constituen t  (i.e .  rime) 
showe d significan t  primin g effects ,  whil e word s whic h 
share d underlyin g syllabi c structur e di d not .  Thes e 
finding s sugges t  tha t  th e locu s o f  syllabi c primin g 
observe d i n lexica l  decisio n experiment s derive s fro m 
surfac e rathe r  tha n a n abstrac t  underlyin g syllabi c 
structure . 
Discussio n Thes e tw o experiment s argu e fo r  a  mode l  o f 
lexica l  representatio n i n whic h surfac e syllabl e structur e 
i s overtl y represented .  Thes e finding s rais e question s 
concernin g th e origi n o f  syllabl e structur e i n lexica l 
representations .  Thi s issu e wa s explore d i n a  simulatio n 
whic h examine d whethe r  syllabl e lik e representation s 
coul d b e derive d fro m surfac e leve l  phoneti c inpu t 

781 



Simu la t i o n 1 . 

Induc t io n o f  Syllabl e Structure . 

The present simulation examines whether syllable-
lik e structur e i s derivabl e fro m naturalistic ,  phoneticall y 
transcribe d speech .  Th e simulatio n use s a s inpu t  a  larg e 
dat a bas e constructe d fo r  studie s o f  automati c speec h 
recognitio n an d use s a  neura l  networ k t o predic t 
structura l  regularitie s i n th e dat a base .  Th e simulatio n 
i s highl y successfu l  i n illustratin g th e extractio n o f 
syllable-lik e structur e from a  natura l  languag e corpus . 
D a t a Th e dat a fo r  th e simulatio n i s a  subse t  o f  th e 
T I M I T dat a bas e (Zue ,  Seneef ,  &  Glass ,  1990) .  Th e 
dat a use d i n th e simulatio n i s derive d fro m th e phoneti c 
transcriptio n o f  th e T I M I T sentence s provide d wit h th e 
dat a base .  Th e codin g schem e identifie s 6 2 distinc t 
speec h sound s an d include s demarcation s o f  pause s an d 
end s o f  sentences .  A  subse t  o f  entir e dat a bas e wa s 
use d fo r  th e simulation .  Te n sentence s fro m 7 7 
randoml y chose n mal e speaker s wer e used ,  yieldin g a 
tota l  o f  77 0 sentences .  Th e phoneti c transcriptio n o f 
thes e sentence s wa s concatenate d an d arrange d 
sequentially ,  on e phoneti c labe l  t o a  line .  Al l  sentenc e 
boundar y informatio n an d pause s wer e remove d fro m 
th e dat a set .  Thi s yielde d a  tota l  dat a se t  o f  27,68 9 
phonetic  labels .  Importantly ,  th e inpu t  dat a wa s 
continuous ,  n o informatio n abou t  wor d o r  syllabl e 
boundar y informatio n i s represente d i n th e dat a set . 
Method .  A  sequentiall y  recurren t  networ k wa s use d i n 
a predictio n tas k a s outline d i n Elma n (1989a) .  I n thi s 
case ,  a  sequentia l  network' s tas k i s t o tak e successiv e 
phonemes fro m th e inpu t  an d t o predic t  th e subsequen t 
phonemes o n th e outpu t  layer .  Afte r  eac h phonem e wa s 
input ,  th e outpu t  wa s compare d wit h th e actua l  nex t 
phoneme,  an d th e bac k propagatio n o f  erro r  learnin g 
algorith m (Rumelhart ,  Hinton ,  &  Williams ,  1986 )  wa s 
use d t o adjus t  th e weights .  Localis t  encoding s o f  th e 5 9 
phoneti c label s wer e presente d i n orde r  wit h n o break s 
betwee n word s o r  syllables . 

Th e networ k (show n i n figur e 1 )  consiste d o f  29 9 
node s configure d t o accep t  5 9 input s an d 5 9 output s 
Inpu t  wa s fe d t o a n intermediat e laye r  o f  3 0 units ,  whic h 
i n tur n wa s passe d t o a  recurren t  laye r  wit h 9 0 units . 
Thi s wa s fe d t o anothe r  laye r  o f  3 0 unit s an d finall y 
bac k ou t  t o th e 5 9 uni t  outpu t  layer .  Th e networ k wa s 
traine d throug h 1 5 passe s throug h th e corpu s yieldin g a 
tota l  s u m m e d square d erro r  o f  .9278 . 

outpu t  (s^ r 

IhidHj n n O E 

Tiidde n unu s ( W T 
-fi x 

'hiddq n < ui : 
g i dden unit s (90 ) 

T inpu t  unit s (59 ) 1 
Figur e 1 .  Sequentia l  Recurren t  N e t w o r k 

As discussed in Elman (1989), the prediction task 
i s non-deterministic ,  an d shor t  o f  m e m o r i z i n g th e 

sequences ,  th e ne twor k canno t  succee d i n exac t 
predictions .  I t  i s  onl y b y virtu e o f  inheren t  underlyin g 
regularitie s i n th e corpu s tha t  suc h prediction s ca n b e 
m a d e.  T h u s ,  th e predictio n tas k provide s a n avenu e b y 
whic h t o discove r  th e regularitie s o f  th e dat a set .  .  T h e 
questio n o f  interes t  her e i s th e exten t  t o wh ic h thi s 
structur e m a y correspon d t o canonica l  syllabl e structure . 
R e s u l t s .  T o e x a m i n e th e network' s succes s i n 
discoverin g syllabl e structure ,  th e extan t  structur e o f  th e 
inpu t  w a s c o m p a r e d t o tha t  predicte d b y th e network . 
T o m a k e thi s comparison ,  i t  w a s necessar y t o determin e 
f ro m th e inpu t  dat a a n average d representatio n o f 
syllabl e structure .  Recal l  tha t  th e inpu t  t o th e networ k 
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Figur e 2a .  T I M I T Syllabl e Profil e 

Syllabl e Profil e Induce d b y Networ k 
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Sonoran t 

CSV CSV CSV CSV CSV CSV CSV CSV CSV CSV 

Figur e 2b .  Ne twor k output . 

had no demarcation of syllable boundaries. Sampling 
f ro m th e beginnin g an d en d o f  th e dat a base ,  30 0 
syllable s we r e identifie d b y th e autho r  b y referenc e t o 
th e targe t  words .  E a c h phoneti c transcriptio n symbo l 
w as recode d a s belongin g t o o n e o f  thre e classe s o f 
segments :  consonants ,  sonorants ,  o r  vowels .  T h e 
resultin g syllables ,  range d i n lengt h f ro m o n e t o nin e 
segment s i n length .  Nex t ,  thes e 3 0 0 syllable s wer e 
"averaged "  t o yiel d th e dat a base' s canonica l  syllabl e 
profile .  Th i s consiste d o f  determining ,  fo r  eac h 
syllable ,  th e nucleu s (typicall y th e vowel )  an d alignin g 
al l  3 0 0 syllable s accordin g t o thei r  nuclei .  Finally , 
countin g th e n u m b e r  o f  segmen t  type s t o th e lef t  an d 
righ t  o f  th e nucle i  relativ e t o th e thre e classe s o f 
segments ,  provide s a  "histogram "  o f  canonica l  syllabl e 
preferenc e fo r  th e T I M I T dat a base . 
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Figur e 2 a illustrate s th e canonica l  T I M I T syllabl e 
profile .  Th e grap h show s th e numbe r  o f  time s a 
particula r  segmen t  typ e wa s foun d i n a  positio n relativ e 
t o th e nucleus .  Th e grap h illustrate s th e preferenc e fo r 
Englis h syllable s t o hav e a  centra l  vocali c nucleus ,  an d 
th e immediat e lef t  o f  th e nucleu s t o b e cithe r  a 
consonan t  o r  a  sonorant .  A s on e move s furthe r  fro m 
thi s position ,  typicall y onl y consonant s ar e found .  A 
near  revers e profil e i s foun d t o th e righ t  o f  th e nucleus . 
The diminishin g frequenc y o f  comple x onset s an d 
coda s simpl y correspond s t o th e fac t  tha t  C V C word s 
ar e mor e c o m m o n tha n C C S V S CC words .  Th e profil e 
depicte d i n figur e 2 a provide s referenc e templat e fo r 
examinin g th e result s o f  th e network s output . 

To determin e whethe r  th e networ k ha d discovere d 
syllable-lik e pattern s o f  regularity ,  average d outpu t 
pattern s wer e compare d t o th e canonica l  syllabl e 
templat e determine d fro m th e inpu t  data . 

The phoneti c label s o f  th e outpu t  sequence s wer e 
translate d int o correspondin g consonant ,  vowel ,  an d 
sonoran t  labels .  Th e length s o f  th e inpu t  syllable s 
serve d a s guide s t o pars e th e outpu t  data .  Thi s provide d 
a conservativ e metho d fo r  determinin g outpu t 
groupings .  Thes e sequenc e grouping s wer e "averaged " 
i n a n identica l  fashio n t o th e inpu t  sequences . 
Specifically ,  th e mos t  sonoran t  segmen t  o f  a  sequenc e 
was considere d th e nucleu s o f  th e grouping .  Alignin g 
al l  30 0 outpu t  grouping s b y nuclei ,  w e tall y th e 
frequenc y wit h whic h a  consonant ,  sonoran t  o r  vowe l 
was associate d wit h a  give n position .  Th e result s ar e 
shown i n Figur e 2b .  Th e grap h show s a  strikin g 
similarit y t o th e grap h o f  th e inpu t  data .  A s on e move s 
immediatel y t o th e righ t  o r  lef t  o f  th e nucleu s position , 
one finds  tha t  consonant s an d sonorant s ar e favored ,  i n 
a proportio n whic h look s ver y simila r  t o tha t  observe d 
of  th e inpu t  data .  A s on e move s outwar d fro m thi s 
position ,  a  greate r  percentag e o f  consonant s ar e found . 
The resultin g "template "  i s  broade r  tha n th e inpu t 
template ,  du e t o th e conservativ e metho d o f  determinin g 
nucleu s positio n i n th e parse d outpu t  groupings .  I n 
addition ,  w e find  vowel s i n position s beyon d thos e o f 
th e inpu t  data ,  agai n a n artifac t  o f  th e conservativ e 
scorin g method .  Take n together ,  thes e fact s sugges t 
tha t  a n eve n tighte r  syllabl e templat e coul d b e 
produce d fro m a  les s conservativ e metho d o f  analysis . 
However  base d o n thi s analysis ,  i t  appear s tha t  th e 
network ,  throug h prediction ,  i s  abl e t o extrac t 
regularitie s whic h bea r  remarkabl e similarit y t o syllabl e 
sUTictur e regularitie s observe d i n th e inpu t  data .  I t  i s 
importan t  t o emphasiz e tha t  th e inpu t  dat a wa s 
continuous ,  wit h n o demarcatio n o f  syllabl e o r  wor d 
boundarie s ye t  th e inheren t  regularitie s o f  segmen t 
positio n wa s sufficien t  fo r  a  networ k t o induc e syllable -
lik e structur e fro m exposur e t o positiv e instance s o f 
data . 
S u m m a r y.  W e hav e examine d th e abilit y  o f  a  networ k 
t o extrac t  regularit y fro m a  phoneticall y code d Englis h 
languag e dat a base .  Th e outpu t  dat a reveale d tha t  th e 

networ k wa s abl e t o extrac t  predictabl e structur e whic h 
corresponded ,  i n a  strikin g manner ,  t o syllabl e 
structure .  Th e simulatio n provides  extremel y stron g 
evidenc e fo r  th e abilit y  l o extrac t  syllabl e soiictur e fro m 
positiv e instance s o f  phoneticall y labele d dat a i n a 
natura l  languag e dat a base . 

D iscuss io n 

Data from two experiments was presented which 
reveale d tha t  syllabl e structur e i s use d i n lexica l  access . 
Importantl y th e dat a suppor t  a  mode l  o f  lexica l 
representatio n i n whic h fact s abou t  surfac e syllabl e 
structure ,  rathe r  tha n a n abstrac t  underlyin g syllabl e 
structure ,  i s  represented .  Thi s finding  raise s question s 
concernin g th e origi n o f  thi s knowledge .  A 
connectionis t  simulatio n w a s presente d whic h 
demonstrate d tha t  a  simpl e learnin g mechanism ,  whe n 
expose d t o a  natura l  languag e dat a base ,  wa s successfu l 
i n uncoverin g syllable-lik e information .  Thi s 
simulatio n i n par t  mirror s th e child' s experienc e wit h 
language .  Specifically ,  w e observ e tha t  th e structur e i s 
implici t  i n th e corpu s an d als o i n th e inpu t  t o th e child . 
Th e child' s task ,  lik e tha t  o f  th e network ,  i s  t o discove r 
thes e inheren t  regularities .  Howeve r  fo r  th e model ,  th e 
inpu t  data ,  whil e continuous ,  i s nevertheles s segmente d 
int o phoneti c labels .  Thi s segmentatio n give s th e mode l 
an obviou s hea d star t  whic h i s no t  availabl e t o th e child . 
Recen t  wor k usin g speec h spectrogram s a s inpu t  t o a 
recurren t  connectionis t  networ k ha s demonstrate d som e 
succes s i n segmentatio n o f  speech .  (Doutriau x &  Zipse r 
1990 ;  se e als o Elma n 1989b) .  W e m a y conjectur e tha t 
knowledg e induce d fro m inheren t  regularitie s i n 
languag e provide s on e basi s o f  organizatio n fo r  th e 
menta l  lexico n an d thi s knowledg e serve s i n th e 
recognitio n o f  words .  Take n togethe r  thes e result s 
sugges t  tha t  th e knowledg e o f  syllabl e structur e tha t  a 
speake r  activel y utilize s i n understandin g languag e m a y 
be derive d fro m tha t  speaker' s experienc e wit h th e 
language .  Thes e result s hav e importan t  implication s 
fo r  model s o f  lexica l  representation . 
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