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Abstrac t 

Earlier  research has suggested that left embedded words (e.g. 
cat  i n catalog )  presen t  a  proble m fo r  spoke n wor d 
recognitio n sinc e i t  i s  potentiall y  unclea r  whethe r  ther e i s a 
wor d boundar y a t  th e offse t  o f  cat .  Model s o f  spoke n wor d 
recognitio n hav e incorporate d processe s o f  competitio n s o 
tha t  th e identificatio n o f  embedde d word s ca n b e delaye d 
unti l  longe r  interpretation s hav e bee n rule d out .  However , 
evidenc e fro m acousti c phonetic s ha s previousl y show n tha t 
ther e ar e difference s i n acousti c duratio n betwee n th e 
syllable s o f  embedde d word s an d th e onset s o f  longe r 
competitors .  Th e researc h reporte d her e use d gatin g an d 
cross-moda l  primin g t o investigat e th e recognitio n o f 
embedded words .  Result s indicat e tha t  subject s us e thes e 
acousti c difference s t o discriminat e betwee n monosyllabi c 
word s an d th e onse t  o f  longe r  words .  W e therefor e sugges t 
tha t  on-lin e processe s o f  lexica l  segmentatio n an d wor d 
recognitio n ar e sensitiv e t o acousti c information ,  suc h a s 
syllabl e duration ,  tha t  ma y onl y b e contrastiv e wit h referenc e 
t o prio r  spoke n context . 

Introduction 

Thi s pape r  i s concerne d wit h th e recognitio n o f  word s i n 
connecte d speech .  A  substantia l  par t  o f  thi s proble m fo r 
bot h h u m a n an d machin e recognitio n i s th e identificatio n o f 
boundarie s betwee n words .  Coimecte d speec h i s continuous , 
ther e ar e n o gap s betwee n word s equivalen t  t o thos e i n 
writte n tex t  (Lehiste ,  1972) ,  no r  ar e ther e acousti c cue s tha t 
reliabl y mar k th e positio n o f  boundarie s betwee n word s 
(Nakatan i  an d Dukes ,  1977) . 

Account s o f  h o w th e speec h strea m come s t o b e 
segmente d int o lexica l  items '  ca n b e divide d int o tw o mai n 
classes .  Th e first  typ e o f  accoun t  describe s 'pre-lexical ' 
segmentatio n strategie s base d o n cue s tha t  ca n b e use d t o 
identif y boundarie s prio r  to ,  o r  i n th e absenc e of ,  lexica l 
acces s t o word s i n th e speec h stream .  Example s o f  pre -
lexica l  cue s tha t  hav e bee n suggeste d i n th e literatur e 
includ e metrica l  stres s (Cutle r  an d Norris ,  1988) , 
phonotacti c informatio n provide d b y transitiona l 

•  Account s o f  segmentatio n hav e almos t  exclusivel y assume d 
tha t  th e uni t  o f  lexica l  representatio n i s a  dictionar y word .  Fo r  a n 
alternativ e suggestio n se e Marslen-Wilso n (1996) . 

probabilitie s (Haye s an d Clark ,  1970 ;  Cairn s e t  al. ,  1994 ) 
an d prosodi c boundarie s (Nakatan i  an d Schaffer ,  1978 ) 

However ,  thes e cue s d o no t  reliabl y mar k al l  wor d 
boimdarie s an d therefor e caimo t  b e relie d upo n t o segmen t 
speech .  Consequently ,  th e secon d clas s o f  accoun t  o f 
segmentatio n focuse s o n th e rol e o f  th e recognitio n proces s 
i n dividin g th e speec h strea m i n t o words .  Fo r  example ,  i n 
model s lik e T R A C E (McClellan d an d Elman ,  1986) , 
competitio n betwee n lexica l  hypothese s tha t  spa n potentia l 
wor d boundarie s ensure s tha t  onl y word s makin g u p a 
consisten t  segmentatio n o f  th e speec h strea m ar e activated . 

Recognizing Embedded Words 

O ne cas e i n whic h lexica l  competitio n ha s bee n argue d t o b e 
especiall y valuabl e i s i n th e identificatio n o f  word s tha t  ar e 
embedded a t  th e onse t  o f  longe r  words .  Thes e left -
embedded word s (e.g .  ca t  embedde d i n catalogue )  m a y 
presen t  a  particula r  proble m t o model s o f  spoke n wor d 
recognitio n sinc e a t  th e offse t  o f  a  syllabl e lik e ca t  i t  i s 
unclea r  whethe r  wha t  ha s bee n hear d i s a  shor t  wor d o r  th e 
star t  o f  a  longe r  word . 

Corpu s searche s hav e show n tha t  thes e onset-embedding s 
ar e c o m m o n i n English .  Luc e (1986 )  showe d tha t  4 1 % o f 
word s i n a  2 0 00 0 wor d dictionar y ar e non-uniqu e a t  thei r 
offset ,  similarl y M c Q u e e n e t  al .  (1995 )  hav e show n tha t 
5 8 % o f  polysyllabi c word s contai n a  shorte r  wor d 
embedded a t  thei r  onset .  Consequentl y i t  ha s bee n suggeste d 
tha t  model s o f  spoke n wor d recognitio n mus t  provid e a n 
accoun t  o f  th e recognitio n o f  embedde d words . 

I n model s suc h a s T R A C E ,  i t  i s  competitio n betwee n 
lexica l  hypothese s tha t  allow s th e resolutio n o f  thi s potentia l 
ambiguity .  Mutuall y inhibitor y coimection s betwee n lexica l 
unit s spannin g wor d boundarie s allow s th e identificatio n o f 
embedded word s t o b e delaye d unti l  followin g contex t  ca n 
be use d t o rul e ou t  longe r  interpretations .  Simila r  result s 
hav e bee n obtaine d i n recurren t  network s traine d t o preserv e 
lexica l  activatio n unti l  followin g contex t  become s availabl e 
(Conten t  an d Stemon ,  1994) .  Th e us e o f  followm g contex t 
t o identif y embedde d word s wil l  dela y recognitio n unti l 
afte r  thei r  acousti c offset ,  a s ha s bee n confirme d i n gatin g 
experiment s (Grosjean ,  1985 ;  Bar d e t  al. ,  1988) . 
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Acousti c Phonet ic s 

Th e emphasi s o n th e us e o f  followin g contex t  an d delaye d 
recognitio n i s base d o n a n assumptio n tha t  ther e i s 
ambiguit y betwee n token s o f  word s lik e ca t  an d th e firs t 
syllabl e o f  longe r  word s lik e catalogue .  Thi s i s despit e 
evidenc e fro m acousti c phonetic s suggestin g tha t  ther e ar e 
consisten t  difference s betwee n th e acousti c realizatio n o f 
syllable s i n monosyllabi c an d bisyllabi c words . 

Lehist e (1972) ,  fo r  example ,  report s significan t 
difference s i n th e acousti c duratio n o f  th e syllabl e [slip ]  i n 
word s suc h a s sleep ,  sleep y an d sleepiness .  Thi s wa s furthe r 
quantifie d b y Klat t  (1976) ,  showin g tha t  syllable s wer e 1 5 % 
shorte r  i n polysyllabi c word s tha n whe n th e equivalen t 
syllabl e wa s produce d a s a  monosyllable" . 

Th e goa l  o f  th e curren t  researc h wa s t o tak e a  fres h loo k 
at  th e recognitio n o f  embedde d word s suc h a s ca t  i n 
catalogue .  I n particula r  w e wer e investigatin g listener s 
sensitivit y t o th e acousti c cue s tha t  differentiat e betwee n 
syllable s i n shor t  an d lon g words .  Model s o f  spoke n wor d 
recognitio n suc h a s T R A C E don' t  provid e an y mechanis m 
fo r  usin g thes e acousti c cues ,  an d woul d therefor e predic t 
n o difference s betwee n th e processin g o f  embedde d word s 
and phoneticall y identica l  onset s o f  longe r  competitors . 
Consequentl y an y difference s i n th e processin g o f  syllable s 
fro m shor t  an d lon g word s woul d presen t  a  challeng e t o 
curren t  models . 

We wer e als o lookin g fo r  evidenc e o f  competitio n 
betwee n shor t  an d lon g wor d hypotheses .  Eithe r  suc h tha t 
th e recognitio n o f  embedde d word s i s delaye d b y activatio n 
o f  longe r  competitor s o r  suc h tha t  shor t  word s ar e activate d 
durin g th e identificatio n o f  thes e longe r  words .  I n 
investigatin g thes e issue s w e use d tw o differen t  method s fo r 
tappin g int o th e activatio n o f  word s i n th e speec h strea m -
gatin g an d cross-moda l  primin g o f  lexica l  decision . 

Experimental Stimuli 

Sinc e w e wer e intereste d i n tappin g int o lexica l  leve l 
processe s i n th e segmentatio n o f  connecte d speech , 
experimenta l  stimul i  wer e create d wit h th e intentio n o f 
creatin g th e m a x i m u m amoun t  o f  ambiguit y i n th e positio n 
of  wor d boundaries .  A n automate d searc h o f  th e C E L E X 
databas e (Baaye n e t  al. ,  1995 )  wa s therefor e carrie d ou t  t o 
fm d a n appropriat e se t  o f  embedde d words . 

Fort y pair s o f  word s suc h a s ca p an d captai n wer e 
selected .  Al l  o f  th e pair s wer e monosyllabi c word s 
embedded a t  th e onse t  o f  stress-initia l  bisyllables ,  wit h th e 
syllabl e boundar y o f  th e longe r  wor d bein g a t  th e offse t  o f 
th e embedde d wor d (i.e .  th e syllabl e boundar y i n captai n i s 
at  th e offse t  o f  cap) .  Th e shor t  an d lon g word s wer e 
morphologicall y unrelate d a s wel l  a s bein g matche d fo r 
syntacti c clas s an d frequenc y o f  occurrence ' 

2 Othe r  non-phonemi c variable s liste d b y Klat t  tha t  alte r 
syllabl e duratio n includ e speec h rate ,  discours e focu s an d phras e 
snoictur e 

3 Sinc e monosyllable s generall y occu r  mor e frequentl y i n th e 
languag e tha n bisyllables ,  pair-wis e matchin g o f  frequenc y wa s 
not  possible .  However ,  acros s th e se t  o f  stimulu s pairs ,  thes e 
difference s wer e no t  significant ,  t(39)= I  .07 ,  p>0. 1 

I n orde r  t o investigat e th e recognitio n o f  thes e word s i n 
connecte d speech ,  non-biasin g sentenc e context s wer e 
generate d fo r  eac h pai r  o f  words .  A  multiple-cloz e tes t  wa s 
carrie d ou t  o n thes e contexts ,  t o ensur e tha t  non e o f  th e tes t 
word s wer e predictabl e fro m th e context .  A n 'ease-of -
completion '  ratin g tas k wa s als o carrie d ou t  t o ensur e tha t 
th e targe t  word s didn' t  diffe r  i n th e eas e wit h whic h the y 
coul d b e interprete d i n th e sentenc e context . 

I n al l  th e sentence s w e ensure d tha t  ther e wa s n o claus e 
boundar y directl y followin g th e embedde d word ,  an d tha t 
th e onse t  o f  th e followin g wor d matche d th e secon d syllabl e 
of  th e longe r  word .  I n thi s way ,  eve n allowin g fo r  co -
articulation ,  th e acousti c realizatio n o f  th e embedde d 
syllabl e shoul d b e a s simila r  a s possibl e t o th e onse t  o f  th e 
longe r  word .  A n exampl e pai r  o f  sentence s i s show n below . 

Short Word: The soldier saluted the flag with his 
ca p tucke d unde r  hi s arm . 

Long Word: The soldier saluted the flag with his 
captai n lookin g on . 

Acousti c Analysi s a n d A l i g n m e n t  Point s 

The ai m o f  thes e experiment s wa s t o compar e subjects ' 
interpretation s o f  th e paire d sentence s a t  differen t  point s i n 
th e speec h stream .  Howeve r  w e neede d t o ensur e tha t  thes e 
comparison s wer e m a d e betwee n stimul i  containin g a 
matche d amoun t  o f  acousti c information .  Sinc e w e expecte d 
th e duratio n o f  th e targe t  syllable s t o diffe r  i n ou r  stimuli ,  i t 
was necessar y t o creat e alignmen t  point s a t  phonemicall y 
equivalen t  position s i n eac h sentence . 

The furs t  alignmen t  poin t  {alpl )  wa s chose n t o b e a t  th e 
offse t  o f  th e firs t  syllabl e (e.g .  followin g /kaep/) ,  a  poin t  a t 
whic h th e speec h shoul d b e a s ambiguou s a s possible .  A s 
expected ,  ther e wer e significan t  difference s i n th e duratio n 
of  th e syllabl e prio r  t o thi s alignmen t  point ,  wit h syllable s 
take n fro m shor t  word s bein g approximatel y 50m s longe r 
tha n th e equivalen t  syllabl e fro m a  bisyllable" .  Difference s 
i n response s t o th e paire d stimul i  a t  thi s poin t  woul d 
therefor e sugges t  tha t  listener s ar e sensitiv e t o acousti c 
difference s betwee n syllable s from  shor t  an d lon g words . 

The secon d alignmen t  poin t  {alp2 )  wa s place d followin g 
th e onse t  o f  th e secon d syllabl e (/kaept/) .  Ther e wer e n o 
difference s i n th e duratio n o f  thi s sectio n {alp2-alpl )  i n th e 
tw o set s o f  stimuli .  Th e thir d alignmen t  poin t  {alp3 )  wa s 
place d a  fixe d numbe r  o f  pitc h period s int o th e vowe l  o f  th e 
secon d syllabl e (/kasptu: /  o r  /kaepti/) ,  wit h agai n n o 
difference s i n th e lengt h o f  th e sectio n o f  speec h betwee n 
alp 3 an d alp2 .  I t  i s  onl y a t  alp 3 tha t  ther e i s a  phonemi c 
differenc e betwee n th e tw o stimuli .  Account s o f  recognitio n 
whic h rel y o n mismatc h betwee n embedde d word s an d 
longe r  competitor s woul d therefor e predic t  tha t 
identificatio n o f  th e shor t  word s b e delaye d unti l  thi s point . 

^  syllabl e duratio n (monosyllables )  =  291ms ,  syllabl e duratio n 
(bisyllables )  =  242ms ,  t(39)=9.35 ,  p<O.OOOI 
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E x p e r i m e n t  1 :  Gat in g 

I n th e gatin g task ,  speec h i s presente d t o subject s i n 
fragments  (gates )  o f  progressivel y increasin g duration . 
Followin g eac h gate ,  subject s writ e dow n th e wor d o r  word s 
tha t  the y ca n hear .  Thi s allow s u s t o investigat e listeners ' 
response s t o increasin g amount s o f  acousti c information .  I n 
th e experiment ,  gate s wer e se t  u p a t  th e thre e alignmen t 
point s describe d earlier ,  wit h additiona l  gate s place d a t 
50ms interval s befor e alp l  an d afte r  alp3 . 

Sinc e w e ar e lookin g fo r  effect s o f  difference s i n duratio n 
tha t  ma y b e contrastiv e onl y b y referenc e t o prio r  speec h 
rat e an d phras e structure ,  subject s hear d th e complet e onse t 
of  th e sentenc e a t  eac h gate .  Subject s wer e provide d wit h a n 
answer  boo k containin g th e onse t  o f  eac h sentenc e u p t o th e 
targe t  word ,  thei r  tas k bein g t o identif y th e continuatio n o f 
th e sentenc e base d o n th e speec h the y hear d a t  eac h gate . 
The 4 0 pair s o f  stimulu s sentence s wer e randoml y divide d 
int o tw o version s s o tha t  subject s hear d onl y on e o f  eac h 
stimulu s pair .  Twent y tw o subject s wer e teste d o n th e tw o 
version s o f  th e experiment . 

Results and Discussion 

The proportion s o f  response s a t  differen t  gate s matchin g 
th e shor t  an d lon g targe t  word s ar e show n i n Figur e 1 .  A t 
earl y gate s u p t o an d includin g th e offse t  o f  th e first  syllabl e 
{alpl) ,  th e majorit y o f  response s matc h th e shor t  targe t  (e.g . 
CAP).  Eve n a t  th e firs t  gate ,  100m s befor e alpl ,  subject s 
hear  enoug h speec h t o identif y th e first  syllable . 

However ,  ther e wer e significan t  difference s i n th e 
proportio n o f  shor t  wor d response s dependin g o n whic h o f 
th e pai r  o f  stimul i  subject s wer e hearing .  Acros s th e thre e 

1.0 

gate s u p t o alpl ,  subject s mad e significantl y mor e shor t 
wor d response s t o shor t  wor d stimul i  tha n t o lon g wor d 
stimu h (Fl[l,20]=84.08 ,  p<0.001 ;  F2[l,36]=26.58 , 
p<0.001] .  Th e revers e patter n wa s als o true ,  wit h 
significantl y mor e lon g wor d response s bein g give n t o lon g 
wor d stimul i  acros s th e earlies t  thre e gate s (Fl[l,20]=6.55 , 
p<0.05 ;  F2[l,36j=4.50 ,  p<0.05] .  Thi s differenc e i n 
response s t o th e tw o set s o f  stimul i  suggest s tha t  subject s 
ar e sensitiv e t o th e acousti c cue s tha t  differentiat e betwee n 
th e syllable s o f  shor t  an d lon g words . 

Despit e thi s difference ,  th e recognitio n o f  embedde d 
word s stil l  appear s t o b e delaye d relativ e t o th e 
identificatio n o f  th e longe r  word s tha t  the y ar e embedde d in . 
I t  i s  no t  unti l  gat e eigh t  tha t  subject s giv e a s man y correc t 
response s t o th e shor t  stimul i  a s t o th e lon g stimuli . 

Thi s delaye d recognitio n appear s t o b e cause d b y 
competitio n from  longe r  wor d hypotheses ,  sinc e a t  alp l  (th e 
onse t  o f  th e secon d syllable )  subject s gav e man y mor e lon g 
wor d response s t o shor t  wor d stimul i  tha n a t  th e previou s 
gate .  I t  i s  onl y whe n ther e i s clea r  mismatc h betwee n th e 
shor t  wor d stimul i  an d th e lon g targe t  word s (i.e .  mismatc h 
betwee n ca p tucke d an d captain )  a t  alp 3 tha t  subject s ar e 
abl e t o rejec t  th e lon g wor d hypothesis .  Thi s suggest s tha t 
th e identificatio n o f  monosyllabi c word s ma y b e delaye d 
unti l  longe r  interpretation s ca n b e rule d ou t  (cf .  Grosjean , 
1985) ,  a s simulate d b y T R A C E. 

However ,  i t  i s  unclea r  whethe r  thi s resul t  merel y reflect s 
a bia s i n th e gatin g task .  Sinc e subject s mus t  generat e a 
respons e a t  eac h gate ,  i t  seem s likel y tha t  the y wil l  tr y t o 
produc e a  singl e wor d tha t  encompasse s al l  o f  th e speec h 
the y ca n hear ,  instea d o f  guessin g th e identit y o f  speec h 
the y hav e ye t  t o hear .  So ,  a t  gate s u p t o alp l  wher e subject s 
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Figur e 1 :  Experimen t  1  Gating .  Proportio n o f  response s matchin g th e targe t  word s (CAP/CAPTAIN )  fo r  shor t  an d lon g 
wor d stimul i  (ca p tucked/captain) .  Erro r  bar s ar e 1  standar d error . 
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ar e hearin g speec h fro m a  singl e syllable ,  the y wil l  ten d t o 
produc e monosyllabi c word s i n response .  Thi s account s fo r 
th e larg e proportio n o f  shor t  wor d response s observe d a t 
thes e earl y gates .  A t  alp 2 (onse t  o f  th e secon d syllable ) 
instea d o f  continuin g t o produc e a  monosyllabi c respons e 
and guessin g a t  th e followin g word ,  subject s woul d ten d t o 
interpre t  th e continuatio n a s belongin g t o th e sam e word , 
eve n wher e th e followin g syllabl e i s actuall y th e onse t  o f  a 
ne w word .  Suc h a  bia s toward s givin g a  singl e wor d i n 
respons e woul d increas e th e numbe r  o f  lon g wor d response s 
t o shor t  wor d stimuli .  B y reducin g th e numbe r  o f  shor t  wor d 
response s tha t  subject s giv e a t  alp 2 thi s singl e wor d bia s 
coiil d exaggerat e th e delaye d recognitio n o f  embedde d 
words . 

wer e include d i n eac h versio n (s o tha t  similarit y betwee n 
prim e an d targe t  wasn' t  paire d wit h a  'yes '  response) .  Wor d 
and non-wor d fillers  wer e als o adde d t o produc e 
experimenta l  version s i n whic h 1 6 % o f  al l  trial s ha d a  wor d 
targe t  relate d t o th e auditor y prime . 

Experiment 2(a) - alpl 

The initia l  experimen t  ru n usin g thi s metho d use d 
sentenc e prime s cu t  of f  a t  alp l  th e offse t  o f  th e firs t 
syllabl e o f  th e targe t  words .  Measure s o f  primin g wer e 
take n b y comparin g RT s t o target s followin g tes t  an d 
contro l  primes .  Th e amoun t  o f  facilitatio n fo r  eac h o f  th e 
prim e an d targe t  condition s i s show n i n Figur e 2 . 

E x p e r i m e n t  2 :  C r o s s - m o d a l  Repet i t io n 
P r i m i n g 

Th e goa l  o f  Experimen t  2  wa s t o investigat e th e recognitio n 
of  th e targe t  word s i n ou r  tes t  stimul i  usin g a  tas k les s 
susceptibl e t o th e biase s suggeste d fo r  gating .  Instea d w e 
use d a  lexica l  decisio n tas k wher e subject s respon d t o a 
visua l  targe t  followin g a n auditor y prime .  Comparin g 
reactio n time s followin g relate d an d unrelate d prime s 
provide s a  measur e o f  priming ,  th e magnitud e o f  whic h ca n 
be use d t o indicat e th e activatio n o f  differen t  wor d 
hypothese s a t  a  particula r  poin t  i n th e speec h strea m (c f 
Zwitserlood ,  1989) . 

The sam e se t  o f  4 0 paire d tes t  sentence s from  Experimen t 
1 wer e use d a s prime s i n thi s experiment ,  alon g wit h a  thir d 
sentenc e i n whic h th e targe t  word s wer e replace d b y a n 
unrelate d (althoug h contextuall y  viable) ,  frequency -
matche d contro l  prime .  Th e prim e sentence s wer e cu t  of f  a t 
prob e position s equivalen t  t o th e gate s use d i n th e previou s 
experiments ,  a t  whic h poin t  on e o f  th e targe t  word s wa s 
visuall y presented ,  wit h subject s makin g a  lexica l  decisio n 
respons e o n a  butto n box .  Th e thre e prim e condition s an d 
tw o targe t  condition s ar e show n i n Tabl e 1 . 

Table 1: Example primes and targets for Experiment 2 -
Cross-moda l  priming .  Prime s an d continuation s followin g 

th e sentence :  "Th e soldie r  salute d th e fla g wit h his.. .  " 

40 
( A 
a> 

Pr im e 
Typ e 

Shor t 
Test 

Lon g 
Tes t 

Contro l 

Pr im e W o r d 
(continuation ) 

ca p 
(tucke d unde r  hi s arm ) 

captai n 
(lookin g on ) 

pal m 
(facin g forwards ) 

Shor t 
Targe t 

CAP 

CAP 

CAP 

Lon g 
Targe t 

C A P T A I N 

C A P T A I N 

C A P T A I N 

Th e prim e an d targe t  condition s wer e rotate d int o a  6 
versio n experiment ,  suc h tha t  subject s wer e onl y presente d 
wit h on e conditio n fo r  eac h item .  I n additio n t o th e 4 0 tes t 
sentences ,  a  se t  o f  phonologically-relate d non-wor d foil s 

^  3 0 
o 
O 

^ 20 -
o 

i 
UJ 
o)  1 0 
c 

* * 

- • — L o n g 
Targe t 

^ - Short 
Targe t 

Shor t 

Prim e 

Lon g 

Prim e 

Figur e 2 :  Experimen t  2(a )  -  Magnitud e o f  primin g a t  alp l 
fo r  shor t  an d lon g prim e word s (ca p [tucked]/cap[tain] )  an d 

target s ( C A P / C A P T A I N ) .  *  p<0.05 ;  * *  p<0.0 1 (control -
test ) 

This  pattern of results is very different to that observed in 
Experimen t  1 .  Unlik e i n gating ,  ther e wa s n o evidenc e o f  a n 
overal l  bia s toward s shor t  wor d interpretation s a t  alp] .  A n 
A N O VA o n th e control-tes t  difference s showe d n o mai n 
effect s o f  eithe r  prim e o r  targe t  typ e (i.e .  n o greate r  primin g 
of  C A P tha n o f  C A P T A I N )  suggestin g tha t  th e cross-moda l 
primin g tas k i s les s susceptibl e t o th e biase s observe d i n 
gating .  Thi s ma y resul t  from  severa l  difference s betwee n th e 
tw o experiments ;  firstly  i n primin g subject s ar e n o longe r 
require d t o explicitl y  identif y th e tes t  stimuli ,  secondl y i n a n 
on-lin e tas k subject s m a y b e les s incline d t o interpre t  silenc e 
followin g th e prob e positio n a s a  wor d boundary . 

Furthermore ,  th e significan t  interactio n betwee n prim e 
and targe t  typ e (Fl[l,57]=9.14 ,  p<0.01 ;  F2[l,31]=5.03 , 
p<0.05 )  suggest s tha t  acousti c difference s betwee n stimul i 
containin g shor t  an d lon g words ,  hav e a  significan t  effec t  o n 
subjects '  interpretation s befor e th e stimul i  diverg e 
phonemically .  Thi s i s confirme d b y planne d comparison s 
showin g tha t  primin g i s onl y significan t  wher e th e wor d 
bein g hear d a t  th e prob e positio n i s identica l  t o th e visuall y 
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presente d targe t  (i.e .  th e firs t  syllabl e from  captai n prime s 
C A P T A I N bu t  no t  C A P an d vice -  versa) . 

Fro m th e result s o f  thi s experiment ,  i t  seem s tha t  th e 
clai m mad e b y M c Q u e e n e t  al .  (1995) ,  tha t  lexica l 
competitio n i s necessar y t o accoun t  fo r  th e recognitio n o f 
embedded word s suc h a s ca p i s premature.  Primin g result s 
sugges t  tha t  a t  th e offse t  o f  a n embedde d monosyllable , 
listener s alread y hav e acousti c evidenc e t o allo w 
discriminatio n o f  syllable s fro m shor t  an d lon g words . 

Such result s sugges t  a  sensitivit y t o informatio n i n th e 
speec h strea m that ,  althoug h no t  phonemicall y contrastive , 
does differentiat e betwee n lexica l  items .  W e therefor e us e 
thi s a s evidenc e tha t  th e processe s o f  lexica l  segmentatio n 
and lexica l  acces s us e source s o f  information ,  suc h a s 
syllabl e duration ,  tha t  m a y onl y b e contrastiv e b y referenc e 
t o prio r  spoke n context . 

Experiment 2(b/c/d) - alp2/alp3/gate7 

Despit e th e apparen t  utilit y  o f  acousti c difference s 
betwee n th e syllable s o f  shor t  an d lon g words ,  o n th e basi s 
of  Experimen t  2(a )  w e ar e unabl e t o rul e ou t  th e rol e o f 
post-offse t  mismatc h (an d henc e lexica l  competition )  i n th e 
recognitio n o f  embedde d words .  I n orde r  t o investigat e h o w 
informatio n tha t  arrive s afte r  th e offse t  o f  a n embedde d 
wor d affect s recognitio n w e decide d t o carr y ou t  furthe r 
primin g experiment s usin g late r  prob e positions .  Th e 
position s chose n wer e th e remainin g alignmen t  point s fro m 
th e gatin g experimen t  {alp 2 an d alp3 )  a s wel l  a s a  prob e 
poin t  100m s afte r  alp 3 (equivalen t  t o gat e 7) .  Thre e separat e 
primin g experiment s wer e carrie d out ,  on e fo r  eac h prob e 
position ,  usin g th e condition s show n i n tabl e 1 . 

As ca n b e see n i n Figur e 3 ,  th e genera l  patte m o f  primin g 
effect s i n Experimen t  2(a )  wer e confirme d i n al l  fou r 
experiments .  A n A N O V A o n th e control-tes t  differenc e 
score s showe d a  highl y significan t  interactio n betwee n 
prim e an d targe t  typ e acros s al l  o f  th e prob e position s teste d 
(F2[l,37]=28.95 ,  p<0.001) .  Howeve r  th e exac t  patte m o f 
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primin g effect s observe d i n eac h experimen t  wa s no t 
homogeneous ,  a s suggeste d b y a  marginall y significan t  3 
way interactio n betwee n prime ,  targe t  an d prob e positio n 
(F2[3, l  13]=2.46 ,  p=0.067 )  i n th e differenc e score s analysis . 

One chang e i n th e primin g effect s i s fo r  shor t  wor d 
target s a t  alp2 ,  wher e subject s hea r  th e onse t  o f  a  syllabl e 
tha t  continue s t o matc h th e lon g target .  A t  thi s prob e 
position ,  primin g o f  lon g wor d target s b y lon g wor d prime s 
I S increased ,  wherea s facilitatio n o f  shor t  wor d prime s b y 
shor t  wor d target s i s reduced .  Thi s ca n b e see n i n th e 
differenc e score s A N O V A a t  alp2 ,  wher e i n additio n t o th e 
previousl y discusse d interactio n betwee n prim e an d targe t 
type ,  ther e i s als o a  significan t  mai n effec t  o f  prim e typ e 
(Fl[l,43]=5.73 ,  p<0.05 ;  F2[l,33]=5.77 ,  p<0.05 )  an d a 
marginall y significan t  effec t  o f  targe t  typ e (Fl[l,43]=3.54 , 
p=0.067 ;  F2[l,33]=3.49 ,  p=0.071) .  Thi s differenc e i n th e 
primin g effect s i s reminiscen t  o f  th e result s foun d i n th e 
gatin g experiment ,  wher e subject s produce d m a n y mor e 
lon g wor d response s t o bot h type s o f  stimul i  a t  alp2 . 

Sinc e w e hav e ahead y suggested ,  base d o n Experimen t 
2a,  tha t  cross-moda l  primin g i s les s susceptibl e t o th e singl e 
wor d bia s tha t  wa s a  potentia l  confoun d i n gating ,  thi s resul t 
suggest s tha t  post-offse t  informatio n doe s indee d affec t  th e 
activatio n o f  embedde d word s suc h a s cap .  Mo r e 
specifically ,  w e hav e som e evidence  tha t  th e activatio n o f 
th e shor t  wor d hypothesi s m thi s experimen t  m a y b e 
impaire d b y th e continuin g matc h betwee n th e onse t  o f  th e 
followin g wor d an d a  longe r  competitor .  Thi s m a y als o b e 
responsibl e fo r  th e marginall y greate r  primin g fo r  lon g 
target s observe d i n th e A N O V A acros s al l  fou r  experiment s 
(F2[l,37]=3.71,p=0.062) . 

The effec t  o f  delaye d mismatc h betwee n shor t  wor d 
stimul i  an d lon g target s i s als o apparen t  i n th e result s a t  late r 
prob e positions .  I t  i s  onl y a t  gat e 7  (10 0 m s afte r  alp3 )  tha t 
response s t o bot h targe t  word s ar e significantl y primed ,  no t 
onl y b y compariso n wit h contro l  primes ,  bu t  als o b y 
compariso n wit h relate d bu t  mismatchin g primes .  Thi s 
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Figure 3: Experiment 2 Magnitude of priming for short and long primes (cap/captain) with short and long targets 
( C A P / C A P T A I N )  acros s 4  prob e positions .  *  p[subject/item]<0.05 ;  ** p [subject/item]<0.01 .  (control-test) . 
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patter n i s simila r  t o tha t  observe d i n gating ,  wher e 
phonemi c difference s followin g alp 3 aid s th e rejectio n o f 
alternativ e interpretation s an d allow s th e recognitio n o f  th e 
shor t  targe t  words . 

Discussion 

The experiment s w e repor t  her e hav e show n significan t 
difference s i n subjects '  interpretation s o f  syllable s tha t 
come from  shor t  word s o r  longe r  word s i n whic h thes e 
syllable s ar e embedded .  I n particular ,  a t  th e offse t  o f  a n 
embedded syllable ,  reliabl e primin g i s onl y observe d wher e 
th e targe t  matche s th e wor d fro m whic h th e prim e syllabl e 
has bee n taken . 

Thi s resul t  suggest s tha t  left-embedde d word s ar e no t  a s 
ambiguou s a s ha s previousl y bee n suggeste d i n th e 
literature .  Acousti c cue s t o wor d lengt h ar e presen t  i n th e 
speec h stream ,  an d ar e use d b y listener s durin g th e 
recognitio n o f  connecte d speech .  Althoug h th e exac t  natur e 
of  thes e cue s i s stil l  unde r  investigation ,  i t  seem s likel y tha t 
difference s i n syllabl e duratio n pla y a n importan t  rol e i n th e 
recognitio n o f  embedde d words . 

However ,  give n th e wid e variatio n i n syllabl e duratio n 
betwee n differen t  utterance s an d speakers ,  i t  i s  likel y tha t 
suc h cue s ca n onl y b e contrastiv e throug h compariso n wit h 
precedin g spoke n context .  Model s o f  lexica l  segmentatio n 
and speec h perceptio n nee d t o b e constructe d t o investigat e 
th e mechanism s b y whic h listener s adap t  t o variation s i n 
speec h rat e encountere d i n norma l  conversatio n (se e Abu -
Baka r  an d Chater ,  1994 ,  fo r  som e relate d wor k modelin g 
rat e adaptatio n i n phonem e categorization) . 

Despit e th e apparen t  utilit y  o f  thes e acousti c cue s t o wor d 
length ,  w e hav e als o see n tha t  followin g contex t  doe s affec t 
th e recognitio n o f  embedde d words ,  a s woul d b e predicte d 
by T R A C E an d othe r  models .  Th e experimenta l  stimul i 
use d her e wher e continuation s matc h a  longe r  competito r 
m ay presen t  particula r  problem s fo r  th e recognitio n system . 
Futur e wor k i s investigatin g th e rol e o f  continuation s tha t 
ar e eithe r  phonotacticall y o r  lexicall y non-viabl e i n orde r  t o 
determin e whethe r  th e rol e o f  followm g contex t  necessaril y 
entail s lexica l  leve l  competitio n o r  ca n b e accounte d fo r 
withi n a  syste m mappin g directl y fro m th e speec h strea m t o 
a distribute d representatio n o f  for m an d meanin g (cf . 
Gaskel l  an d Marslen-Wilson ,  m press) . 
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