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Moni tor in g th e Inne r  Speec h C o d e 

Jane L. Morgan (J.L.Morgan.20@bhani.ac.uk) 
Schoo l  o f  Psychology ,  Universit y o f  Birmingham ,  Edgbaston ,  Birmingham ,  B 1 5 2 T T ,  U K 

Linda R. Wheeldon (L.R.Wheeldon@bham.ac.uk) 

Schoo l  o f  Psychology ,  Universit y o f  Birmingham ,  Edgbaston ,  Birmingham ,  B 1 5 2 T T ,  U K 

Abstrac t 

The aim of this paper is to expand and replicate the findings 
of  Wheeldo n an d Level t  (1995) .  The y employe d a n interna l 
speec h monitorin g tas k whic h require d Dutc h speaker s t o 
monito r  silentl y generate d word s fo r  targe t  syllabl e o r 
phoneme sequences .  O n th e basi s o f  th e obtaine d dat a severa l 
claim s wer e mad e concernin g th e locus ,  time-cours e an d 
natur e o f  th e interna l  speec h code .  Th e serie s o f  experiment s 
reporte d her e examine d thes e prediction s usin g Englis h 
stimuli .  I n contras t  t o th e Dutc h study ,  n o evidenc e o f  an y 
reactio n tim e advantag e t o syllabl e ove r  nonsyllabl e string s 
was found .  A  phonem e monitorin g experimen t  replicate d th e 
left-to-righ t  patter n o f  result s observe d b y Wheeldo n an d 
Levelt .  I n addition ,  a  perceptio n versio n o f  th e tas k faile d t o 
replicat e thes e effect s suggestin g tha t  the y wer e independen t 
of  th e positio n o f  th e targe t  i n th e speec h stream .  Implication s 
of  th e result s i n term s o f  th e tim e cours e o f  phonologica l 
encodin g ar e discussed . 

Introduction 
I n thi s pape r  w e repor t  a  serie s o f  experiment s whic h 
investigat e th e tim e cours e o f  th e generatio n o f  a n abstrac t 
phonologica l  representatio n durin g speec h production . 
Curren t  model s o f  speec h productio n postulat e a  proces s o f 
phonologica l  encodin g whic h specifie s a  word' s phonemi c 
and prosodi c properties .  Followin g th e selectio n o f  a  wor d 
base d o n it s  semanti c an d syntacti c specifications ,  i t  i s 
propose d tha t  a  word' s constituen t  phoneme s an d it s metrica l 
frame  (e.g. ,  syllabl e structur e an d stres s pattern )  ar e mad e 
availabl e an d ar e subsequentl y combine d durin g a  proces s 
terme d segment-to-fram e associatio n (Level t  an d Wheeldon , 
1994 ;  Roelofs ,  1992 ,  1997) .  Th e outpu t  fro m thi s proces s i s 
a syllabifie d phonologica l  cod e whic h form s th e inpu t  t o 
phoneti c encodin g processe s whic h retriev e syllabi c gestura l 
score s detaile d enoug h t o guid e articulation .  Wit h regar d t o 
phonologica l  encodin g recen t  theorie s propos e tha t  th e 
proces s o f  segment-to-fram e associatio n occur s i n sequenc e 
from  left-to-righ t  acros s a  wor d an d a  numbe r  o f 
experimenta l  finding s exis t  whic h sugges t  tha t  th e beginnin g 
of  a  wor d i s phonologicall y encode d befor e th e en d (Meyer , 
1990 ,  1991 ;  Meye r  an d Schriefers ,  1991 ;  Levelt ,  Roelof s 
and Meyer ,  1999) .  However ,  ther e i s a  lac k o f  dat a tha t 
woul d allo w th e tempora l  propertie s o f  suc h a  proces s t o b e 
specifie d i n an y detail . 

O ur  mai n a i m wa s t o replicat e an d exten d th e finding s o f 
Whee ldo n an d Level t  (1995 )  w h o develope d a n interna l 
speec h monitorin g tas k i n orde r  t o investigat e th e tim e 
cours e o f  th e phonologica l  encodin g process .  Th e 
phenomeno n o f  inne r  speec h i s on e whic h w e al l  migh t 

experience ,  fo r  instanc e whils t  reading ,  writing ,  proble m 
solvin g o r  whils t  performin g shor t  ter m memor y tasks . 
Durin g suc h activitie s w e ofte n generat e an d monito r  som e 
for m o f  interna l  speec h code .  Moreover ,  ther e i s evidenc e t o 
sugges t  tha t  th e generatio n o f  thi s cod e entail s th e sam e 
mechanism s whic h ar e employe d i n norma l  speec h 
productio n (Del l  an d Repka ,  1992 ;  Levelt ,  1989 ;  Motley , 
C a m d en an d Baars ,  1982) .  Wheeldo n an d Level t  (1995 ) 
designe d a  serie s o f  experiment s whic h exploite d thi s abilit y 
t o monito r  one' s o w n inne r  speech .  The y adapte d a 
methodolog y traditionall y employe d i n th e field  o f  speec h 
perceptio n i n whic h subject s monito r  spoke n word s fo r 
targe t  syllable s an d phoneme s (Cutler ,  Mehler ,  Norri s an d 
Segui ,  1986 ;  Mehler ,  Dommergues ,  Frauenfelde r  an d Segui , 
1981 ;  Zwisterlood ,  Schriefers ,  Lahir i  an d va n Donselaar , 
1993) .  Nativ e Dutc h speaker s wer e require d t o silentl y 
generat e Dutc h translation s (e.g. ,  kado )  o f  Englis h promp t 
word s (e.g. ,  gift )  an d t o monito r  th e Dutc h carrie r  word s fo r 
a prespecifie d targe t  sequenc e (e.g. ,  /k /  o r  /ka/) . 

Th e mai n finding s o f  thes e experiment s wer e interprete d 
as indicatin g tha t  th e cod e bein g generate d b y subject s 
durin g th e monitorin g task s wa s a n abstrac t  phonologica l 
one .  Thi s wa s base d o n th e demonsfratio n tha t  subjects ' 
abilit y  t o perfor m th e monitorin g tas k wa s unimpaire d b y th e 
additio n o f  a  secondar y articulator y suppressio n task .  I t  wa s 
als o argue d tha t  th e cod e coul d no t  b e phoneti c a s n o 
relationshi p wa s foun d betwee n th e patter n o f  monitorin g 
latencie s an d th e timin g o f  th e sam e target s i n over t  speec h 
production .  Furthermor e i t  wa s claime d tha t  subject s wer e 
not  basin g thei r  response s o n th e initia l  availabilit y  o f  th e 
word' s phoneme s bu t  rathe r  o n th e outpu t  o f  th e segment-to -
fram e associatio n proces s a s i t  wa s foun d tha t  th e cod e bein g 
generate d wa s syllabified .  W h e n subject s wer e require d t o 
monito r  bisyllabi c word s fo r  targe t  string s whic h eithe r  di d 
or  di d no t  correspon d t o th e first  syllabl e i n a  wor d (target s 
/ma /  an d /maag /  i n th e carrie r  word s ma.ge r  thin ,  an d 
maag.de n -  virgin )  reactio n time s wer e faste r  t o th e targe t 
sequenc e whic h wa s a  syllabl e i n th e carrie r  wor d 
irrespectiv e o f  targe t  size .  Importantl y thi s syllabificatio n 
proces s wa s argue d t o b e on-lin e an d no t  merel y involv e th e 
downloadin g o f  store d syllabl e units . 

Subject s wer e als o instructe d t o monito r  C V C . C V C carrie r 
word s (e.g. ,  lif.te r  )  fo r  th e fou r  constituen t  consonant s an d i t 
was see n tha t  th e tim e take n t o detec t  eac h segmen t 
increase d i n a  left-to-righ t  manner .  I n addition ,  a  50m s 
differenc e wa s observe d betwee n th e monitorin g latencie s 
fo r  th e tw o media l  phoneme s whic h flanked  th e syllabl e 
boundary .  Thi s differenc e wa s simila r  i n siz e t o tha t  foun d i n 
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monitorin g latencie s fo r  th e firs t  syllabl e consonant s whic h 
ar e separate d b y a n intervenin g vowel .  Thi s woul d concu r 
wit h th e notio n tha t  withi n syllable s phoneme s ar e assigne d 
t o thei r  fram e i n a  left-to-righ t  manner .  Th e author s argue d 
tha t  th e syllabl e boundar y effec t  suggest s tha t  thi s 
assignmen t  proces s i s initiate d fo r  th e first  syllabl e an d th e 
encodin g o f  th e secon d syllabl e i s hel d u p unti l  i t  i s 
completed .  I t  wa s als o observe d tha t  ther e wa s a  significan t 
differenc e i n th e tim e take n t o monito r  fo r  th e tw o phoneme s 
i n th e first  syllabl e bu t  thi s differenc e wa s no t  see n fo r  th e 
phonemes i n final  syllable .  Thi s wa s take n a s evidenc e tha t 
eve n thoug h th e encodin g o f  th e secon d syllabl e o f  th e wor d 
i s delaye d th e constituen t  phoneme s ar e stil l  mad e available . 
Thi s mean s tha t  whe n assigimien t  t o th e syllabl e fram e ca n 
begi n i t  occur s muc h faste r  tha n tha t  o f  th e previou s syllable . 

Whil e th e result s o f  th e Wheeldo n an d Level t  (1995 )  ar e 
intriguin g a  coupl e o f  aspect s o f  thei r  dat a ar e problematic . 
The first  proble m concern s th e locu s o f  th e observe d syllabl e 
monitorin g effect .  A s th e author s acknowledge ,  i t  i s possibl e 
tha t  th e effect s bein g observed ,  especiall y thos e concernin g 
th e structura l  propertie s o f  inne r  speech ,  migh t  b e a  functio n 
of  th e monito r  itsel f  rathe r  tha n th e actua l  speec h cod e bein g 
monitored .  A  numbe r  o f  monitorin g device s hav e bee n 
propose d whic h fal l  int o tw o broa d categories :  productio n 
and perceptio n base d monitors .  I t  i s  possibl e tha t  speaker s 
can monito r  thei r  speec h a t  ever y leve l  o f  th e speec h 
productio n proces s (fro m conceptualisatio n onwards )  a s 
propose d i n model s suc h a s Lave r  (1980) .  However ,  thi s 
implie s muc h duplicatio n betwee n th e monito r  an d th e actua l 
proces s itself .  A  mor e parsimoniou s accoun t  hold s tha t  i t  i s 
onl y th e outpu t  o f  phonologica l  processin g whic h ca n b e 
monitore d (Motle y e t  al ,  1982) .  Althoug h thi s mode l 
overcome s th e duplicatio n issu e i t  stil l  doe s no t  satisfactoril y 
explai n ho w speaker s ar e abl e t o monito r  thei r  speec h o n a 
variet y o f  othe r  linguisti c level s (i.e .  fo r  semantic ,  syntactic , 
socia l  appropriateness ,  Levelt ,  1983 ;  1989) .  I n orde r  t o 
addres s th e shortcoming s o f  suc h productio n base d models , 
Level t  (1989 )  outline s a n devic e whic h use s a s it s inpu t  th e 
interna l  speec h cod e bu t  feed s i t  throug h a n interna l  loo p 
int o th e speec h comprehensio n system .  Pu t  simply ,  Level t 
argue s tha t  prearticulator y speec h i s monitore d an d edite d a s 
i f  i t  wher e th e speec h o f  a n externa l  speaker .  I f  thi s i s th e 
case ,  the n i t  follow s tha t  an y observe d effect s arisin g fro m 
Wheeldo n an d Levelt' s  monitorin g tas k could ,  a t  leas t  i n 
part ,  b e du e t o th e parsin g processe s o f  th e speec h 
perceptio n mechanisms . 

Zwisterloo d e t  a l  (1993 )  observe d a  syllabl e matc h effec t 
when subject s wer e require d t o monito r  auditoril y  presente d 
Dutc h words .  I t  seems ,  therefore ,  tha t  Dutc h speaker s mak e 
use o f  syllabl e unit s durin g thei r  monitorin g o f  a n incomin g 
speec h stream .  However ,  thi s i s no t  universall y tru e o f  al l 
languages .  I t  was ,  therefore ,  though t  worth y t o investigat e 
whethe r  Wheeldo n an d Levelt' s findings  ca n b e replicate d i n 
a languag e whic h doe s no t  appea r  t o emplo y th e syllabl e i n 
th e sam e wa y durin g monitoring .  Englis h i s th e idea l 
candidate .  I t  i s  a  languag e whic h contain s man y instance s o f 
word s whic h ar e ambisyllabic ,  ha s a n irregula r  stres s patter n 
and contain s a  larg e rang e o f  syllabi c structures .  Thi s mean s 
tha t  employin g a  syllable-base d segmentatio n strateg y woul d 
be unproductiv e (Cutler ,  1997 ;  Cutle r  e t  al. ,  1986 ;  Cutle r 
and Norris ,  1988 ;  Norri s an d Cutler ,  1985) .  Indeed ,  ther e 

has bee n n o evidenc e o f  a  syllabl e effec t  usin g a  monitorin g 
tas k i n th e perceptio n o f  Englis h (Cutler ,  1997 ;  Cutle r  e t  al. , 
1986 ;  Bradley ,  Sanchez-Casa s an d Garcia-Albea ,  1993) .  B y 
contras t  ther e i s muc h evidenc e t o sugges t  tha t  th e syllabl e i s 
a salien t  uni t  i n th e productio n o f  Englis h (Ferrand ,  Segu i 
and Humphreys ,  1997 ;  Sevald ,  Del l  an d Cole ,  1995) .  I f  a 
syllabl e effec t  ca n b e demonstrate d i n th e interna l 
productio n o f  Englis h i t  woul d ad d weigh t  t o th e notio n tha t 
th e propertie s observe d ar e one s o f  th e productio n base d 
speec h cod e an d no t  feature s o f  th e comprehensio n syste m 
by whic h i t  i s monitored . 

The secon d issu e concern s th e prediction s mad e regardin g 
th e tim e cours e o f  phonologica l  encoding .  Thes e wer e base d 
chiefl y o n th e result s o f  th e phonem e monitorin g tas k whic h 
has som e methodologica l  shortcomings .  Th e left-to-righ t 
effec t  wa s no t  robus t  i n tha t  i t  onl y reache d significanc e i n 
th e subject s analysi s o f  th e dat a an d no t  th e item s analysis . 
I n addition ,  th e significan t  monitorin g differenc e whic h wa s 
foun d betwee n th e tw o phoneme s o n eithe r  sid e o f  th e 
syllabl e boundar y wa s confounde d b y th e fac t  tha t  fo r  th e 
majorit y o f  stimul i  thi s als o serve d a s a  morphologica l 
boundary .  A s a  consequenc e ther e i s a  nee d no t  onl y t o 
replicat e thi s patter n o f  result s bu t  als o t o emplo y a  mor e 
stringen t  se t  o f  stimuli . 

Finally ,  i t  wa s though t  tha t  a  fruitfu l  wa y t o exten d th e 
Dutc h stud y woul d b e t o direcd y compar e reactio n time s o n 
th e inne r  speec h monitorin g tas k wit h a n identica l  perceptua l 
version .  I t  stil l  canno t  b e argue d unequivocall y fro m th e 
Wheeldo n an d Level t  dat a tha t  th e patter n o f  result s obtaine d 
fi-om  th e phonem e monitorin g stud y i s on e whic h i s specifi c 
t o speec h production .  I n particula r  th e speedin g u p o f  th e 
encodin g o f  th e final  syllabl e coul d b e a  featur e o f  speec h 
perceptio n mechanisms .  Fo r  instance ,  onc e th e uniquenes s 
poin t  o f  a  wor d ha s bee n reache d processin g coul d progres s 
at  a  faste r  rate .  Fo r  thi s reaso n i t  i s  importan t  t o establis h 
h o w closel y th e monitorin g latencie s observe d i n th e inne r 
speec h experimen t  correspon d t o thos e obtaine d usin g a 
perceptio n task . 

The Task 
I t  wa s no t  possibl e t o exactl y replicat e th e methodolog y 
employe d b y Wheeldo n an d Level t  (1995 )  a s the y relie d 
upo n a  populatio n o f  subject s w h o wer e comfortabl y 
bilingua l  an d unfortunatel y suc h subject s wer e no t  availabl e 
t o us .  Instea d a  tas k wa s employe d whic h m a d e us e o f  wor d 
associatio n pairs .  Specificall y th e wor d form s t o b e 
monitore d wer e elicite d usin g a  semanticall y relate d promp t 
word s (e.g. ,  promp t  baboon ,  carrie r  wor d monkey) .  Th e 
promp t  word s wer e chose n carefull y t o avoi d an y potentia l 
primin g effect s du e t o phonologica l  relafionship s wit h th e 
associate d word .  I n a n attemp t  t o encourag e th e us e o f  th e 
interna l  speec h cod e rathe r  tha t  an y visua l  o r  graphemi c 
representation s th e targe t  sequence s an d promp t  word s wer e 
alway s presente d auditoril y  an d th e pre-experimenta l 
trainin g whic h th e subjec t  undertoo k i n orde r  t o lear n th e 
wor d pair s wa s give n verbally . 

Experimenta l  trial s wer e structure d a s follows .  Firs t  a n 
auditor y descriptio n o f  th e targe t  sequenc e wa s presente d 
(e.g. ,  /mon/) .  Thi s wa s followe d b y th e auditor y presentatio n 
of  a  promp t  wor d (e.g. ,  rain) .  Subject s mad e a  pus h butto n 
yes/n o respons e dependin g upo n whethe r  th e carrie r  wor d 
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(e.g. ,  monsoon )  containe d th e targe t  string .  Reactio n time s 
an d error s wer e recorded .  Response s wer e measure d fro m 
th e onse t  o f  th e promp t  wor d t o th e subject' s response .  Al l 
reporte d statistica l  analyse s wer e conducte d treatin g subject s 
(f i  an d Fi )  an d item s (t i  an d F2 )  a s rando m factors . 

Investigating the Syllable Effect 

Experiment 1 - Initial Syllable 

Method This experiment investigated whether English 
speakin g subject s woul d detec t  string s whic h corresponde d 
t o th e first  syllabl e i n a  wor d faste r  tha n i f  th e sequenc e 
constitute d mor e tha n a  syllable .  Carrie r  word s wer e chose n 
wit h C V C . C (o r  V C . C )  syllabl e boundaries .  Word s wer e 
selecte d fo r  whic h syllabificatio n wa s unambiguou s 
accordin g t o th e phonotacti c rule s o f  th e language .  Fo r 
instance ,  th e wor d tempes t  i s syllabifie d tem.pes t  ,  no t 
temp.es t  becaus e accordin g t o th e maximisatio n o f  onse t 
principl e th e secon d syllabl e onse t  wil l  attrac t  th e /p / 
consonan t  bu t  no t  th e /mp /  cluste r  whic h i s a n illega l  syllabl e 
onse t  i n English .  Th e targe t  sequence s t o b e monitore d fo r 
wer e th e initia l  C V C / Y C (syllabl e -  e.g. ,  /tem/ )  an d 
C V C C A ^ CC (nonsyllabl e -  e.g. ,  /temp/) . 

Results and Discussion The mean monitoring latencies for 
th e tw o targe t  sequenc e type s ar e give n i n Tabl e 1 .  I t  ca n b e 
see n tha t  subject s wer e quicke r  a t  detectin g a  nonsyllabl e 
strin g tha n a  syllabl e string .  A  relate d sample s t-tes t  wa s 
performe d an d confirme d tha t  thi s differenc e i n mean s wa s 
significan t  i n th e subject s analysi s only ,  f i  (23 )  =  3.0 , 
Standar d Erro r  =  16 ,  p  <  .01 .  Th e sam e analyse s wer e 
conducte d usin g th e erro r  rate s an d n o significan t  difference s 
wer e observe d betwee n th e tw o condition s fo r  eithe r 
analysis . 

Tabl e 1 :  Th e M e a n Latencie s (i n ms )  fo r  th e T w o String s 
Employe d i n th e Syllabl e Monitorin g Experiments .  M e a n 

Percentag e Error s ar e Presente d i n Brackets . 

Experiment Syllable Nonsyllable Difference 

(1 )  Initia l 

CVC 

(2 )  Interna l 

CVC 

(3 )  Initia l 
CV 

1144 
(4.2 ) 

143 1 
(9.4 ) 

130 8 
(5.5 ) 

109 6 
(4.2 ) 

135 0 
(6.8 ) 

123 9 
(5.5 ) 

48 

82 

70 

Thi s experiment ,  therefore ,  yielde d n o evidenc e o f  a  syllabl e 
matc h effect .  Instea d ther e wa s a n insignifican t  tendenc y fo r 
th e longe r  C V C C targe t  t o b e monitore d fo r  faste r  tha n th e 
C V C syllabl e target .  I t  i s  possibl e tha t  a  primin g effec t 
swamped an y syllabl e effec t  whic h migh t  b e present ;  simpl y 
th e mor e o f  th e wor d tha t  i s  hear d th e quicke r  i t  ca n b e 
processed .  A s a  consequenc e th e nex t  experimen t  wa s 
designe d i n orde r  t o dissociat e th e potentia l  syllabl e effec t 

and th e influenc e o f  primin g b y requirin g subject s t o monito r 
th e carrie r  wor d fo r  wor d interna l  syllables .  I f  th e sequenc e 
t o b e monitore d fo r  i s n o longe r  comin g from  th e initia l 
portio n o f  th e carrie r  wor d the n hearin g th e strin g 
beforehan d shoul d no t  prim e it s generatio n (Meyer ,  1990 ; 
1991) . 

Experiment 2 - Internal Syllable 

Method The method was exactly the same as employed in 
th e previou s stud y wit h th e exceptio n tha t  th e targe t  string s 
occurre d internall y i n th e carrie r  word .  Th e syllabl e 
sequenc e t o b e monitore d fo r  wa s o f  C V C (an d i n on e 
instance ,  C C V C )  structur e an d th e nonsyllabl e sequenc e 
C V CC (o r  C C V C C ) .  Fo r  example ,  th e carrie r  wor d romanti c 
woul d b e precede d b y th e targe t  string s /man /  (syllable )  an d 
/mant /  (nonsyllable) . 

Results and Discussion As can be seen in Table 1 the time 
take n t o monito r  fo r  th e nonsyllabl e strin g wa s agai n faste r 
tha n fo r  th e strin g whic h corresponde d t o a  syllabl e i n th e 
carrie r  word .  Thi s differenc e wa s significan t  accordin g t o 
bot h th e subject ,  f ,  (23 )  -  4.0 ,  SErro r  =  20 ,  p  <  .0 1 an d th e 
ite m f 2 (15 )  =  -2.2 ,  SErro r  =  40 ,  p  <  .0 5 analysis .  N o 
significan t  differenc e wa s foun d betwee n th e numbe r  o f 
error s mad e i n eac h condition .  Therefore ,  eve n whe n th e 
positio n o f  th e targe t  sequenc e i s change d t o a n interna l 
sequenc e th e effec t  remain s constan t  i n tha t  th e longe r  strin g 
produce s th e faste r  reactio n times .  Thes e dat a contradic t  th e 
notio n tha t  an y syllabl e matc h effec t  i s  bein g maske d b y a 
primin g effect . 

F ro m th e dat a o f  thes e first  tw o experiment s i t  mus t  b e 
conclude d tha t  ther e i s n o evidenc e tha t  subjects '  monitorin g 
latencie s ar e faste r  whe n th e sequenc e t o b e detecte d i n thei r 
interna l  generation s correspond s t o a  syllabl e i n tha t  word . 
However ,  ther e stil l  remain s th e possibilit y  tha t  th e observe d 
effec t  i s a  featur e o f  th e stimul i  bein g utilised .  A s outiine d i n 
th e Introductio n th e Englis h languag e i s notoriousl y 
ambisyllabi c an d on e facto r  whic h influence s syllabificatio n 
i n Englis h i s stress .  Treima n an d Zukowsk i  (1990 )  usin g a n 
ora l  syllabl e repetitio n tas k observe d tha t  fo r  word s wit h a 
media l  consonan t  cluste r  (suc h a s thos e use d i n Experimen t 
1 an d 2  -  fo r  example ,  tem.pest )  th e secon d consonan t  (s o i n 
thi s exampl e th e /p/ )  i s  likel y t o b e attache d t o th e firs t 
stresse d syllabl e i n additio n t o th e onse t  o f  th e followin g 
unstresse d syllable ;  i n othe r  word s becom e ambisyllabic . 
Thi s shoul d no t  b e overstate d a s th e tas k use d di d no t  reflec t 
norma l  speec h productio n processe s an d th e effec t  wa s see n 
fo r  onl y certai n type s o f  consonan t  clusters .  However ,  a s thi s 
ambisyllabi c predispositio n i s on e whic h hold s fo r  mos t  o f 
th e stimul i  describe d s o fa r  a  final  syllabl e monitorin g 
experimen t  wa s conducte d whic h employe d secon d syllabl e 
stres s word s an d avoide d media l  consonan t  clusters . 

Experiment 3 - Initial Syllable witb Noninitial 
Stres s 

Method The same design as employed in the previous two 
experiment s wa s replicate d bu t  word s o f  C V . C V C o r 
( V . C V C )  structur e acte d a s th e carrie r  word s (e.g. ,  plaJoon) . 
Gussenhove n (1986 )  an d Treima n an d Dani s (1988 )  hav e 
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identifie d certai n rule s whic h mak e ambisyllabi c intervocali c 
consonant s les s prevalent .  Specifically ,  a  consonan t  i s mor e 
likel y t o b e syllabifie d wit h th e followin g vowe l  whe n tha t 
vowel  i s stressed ;  i n additio n obstruen t  consonant s ar e mor e 
ofte n groupe d wit h th e followin g vowe l  tha n sonoran l 
consonants .  Followin g thi s secon d syllabl e stres s word s wer e 
used an d i t  wa s ensure d tha t  th e secon d syllabl e onse t  wa s 
alway s a  sto p consonan t  o r  fiicative.  Th e syllabl e sequenc e 
whic h wa s t o b e monitore d fo r  wa s o f  C V structur e (e.g. , 
/pla/ )  an d th e nonsyllabl e sequenc e wa s o f  C V C compositio n 
(e.g.,/plat/) . 

Results and Discussion As in Experiments 1 and 2 the 
nonsyllabl e sequenc e produce d faste r  monitorin g latencie s 
tha n th e syllabl e sequence .  Th e respectiv e mean s ar e 
detaile d i n Tabl e 1 .  Thi s differenc e wa s significan t  b y 
subject s analysi s only ,  f i  (23 )  -  3.3 ,  SErro r  =  21 ,  p  <  .01 . 
The tw o condition s di d no t  significantl y diffe r  i n th e numbe r 
of  error s whic h wer e observed . 

Therefore ,  ye t  agai n ther e i s n o evidenc e t o sugges t  tha t 
th e syllabl e sequenc e ha s a  facilitativ e effec t  o n monitorin g 
latencies .  Indee d thi s i s th e indisputabl e finding  fro m th e 
entir e serie s o f  experiments .  I t  ha s bee n consistentl y foun d 
tha t  th e tren d i n subjects '  reactio n time s goe s agains t  tha t 
whic h woul d b e predicte d b y th e syllabl e effec t  hypothesis . 
Thi s i s a  ver y simila r  patter n o f  result s a s see n fo r  Englis h i n 
th e perceptio n studie s (Cutle r  e t  a l  1986 ;  Bradle y e t  a l  1993 ) 
whic h cast s doub t  o n th e conclusio n draw n b y Wheeldo n 
and Levelt ,  namel y tha t  thei r  syllabl e effec t  reflect s 
propertie s o f  th e productio n code .  Th e lac k o f  a  syllabl e 
effec t  i n th e presen t  studie s seem s t o verif y th e interna l  loo p 
theor y o f  monitorin g (Levelt ,  1989 )  an d specificall y tha t  i t  i s 
th e propertie s o f  th e speec h comprehensio n syste m whic h 
ar e reflecte d i n th e syllabl e monitorin g task . 

The nex t  tw o experiment s t o b e reporte d focuse d o n th e 
monitorin g o f  phoneme s i n bisyllabi c words .  Thi s wa s t o 
establis h whethe r  th e claim s mad e b y Wheeldo n an d Level t 

regardin g th e tim e cours e o f  phonologica l  encodin g coul d b e 
repeated . 

The Time Course of Phonological Encoding 

Experiment 4 (a) and (b) - Phoneme Monitoring 

Method - Experiment 4 (a) The task employed was similar 
t o tha t  describe d fo r  th e syllabl e monitorin g experiments . 
The carrie r  word s use d wer e o f  C V C . C V C structur e wit h a 
clear ,  phonotacticall y correc t  syllabl e boundar y (e.g. , 
litmus) .  Th e majorit y o f  th e word s wer e monomorphemi c 
and eac h containe d fou r  differen t  consonant s whic h serve d 
as th e targe t  phoneme s whic h wer e t o b e detecte d durin g th e 
task .  I n thi s manne r  th e fou r  targe t  position s wer e situate d a t 

Tabl e 2 :  Th e Mea n Monitorin g Latencie s (i n ms )  fo r  th e 
Four  Targe t  Position s I n Experiment s 4  (a )  an d (b) .  Th e 

Mean Percentag e Error s ar e Detaile d i n Parenthesis . 

Experimen t 

Interna l 
Productio n 

Externa l 
Perceptio n 

CI 

139 2 
(3.5 ) 

62 2 
(1.6 ) 

Targe t  Typ e 

C2 

1501 
(6.0 ) 

88 6 
(1.6 ) 

C3 

156 4 
(4.8 ) 

901 
(0.9 ) 

C4 

158 9 
(5.0 ) 

102 8 
(2.3 ) 

th e first  syllabl e onse t  (CI) ;  first  syllabl e offse t  (C2) ;  final 
syllabl e onse t  (C3) ;  an d final  syllabl e offse t  (C4) .  Al l  th e 
intervenin g vowel s (wit h exceptio n o f  three )  wer e short . 

Monitorin g trial s wer e groupe d int o list s fo r  a  give n targe t 
phoneme.  Suc h list s comprise d o f  betwee n fou r  an d twelv e 
promp t  words .  Subject s hear d a  descriptio n o f  th e targe t 
phoneme followe d b y a  serie s o f  promp t  words .  Fo r  eac h o f 
thes e th e subjec t  wa s require d t o decid e whethe r  th e 
correspondin g carrie r  wor d containe d th e soun d describe d t o 
them .  I f  th e carrie r  wor d di d contai n th e phonem e a ,  'yes ' 
respons e wa s required ,  i f  i t  di d not ,  n o respons e wa s 
necessary . 

Results and Discussion As can be seen in Table 2 the mean 
latencie s increas e a s a  functio n o f  thei r  positio n i n th e wor d 
i n a  left-to-righ t  manner .  Th e difference s i n monitorin g 
latencie s acros s consonan t  position s ar e give n i n Tabl e 3 . 
The differenc e betwee n th e initia l  syllabl e onse t  an d offse t  i s 
th e greatest ,  followe d b y tha t  betwee n th e consonant s whic h 
flank  th e syllabl e boundar y wit h th e differenc e betwee n th e 
constituen t  phoneme s o f  th e final  syllabl e bein g th e smallest . 
A N O V As wer e performe d o n th e dat a an d a  significan t 
differenc e betwee n th e fou r  targe t  position s wa s 
demonstrated ,  F ,  (3 ,  108 )  =  30.5 ,  MSErro r  =  9540 ,  p  <  .01 , 
F2 (3 ,  51 )  =  19.8 ,  MSErro r  =  7350 ,  p  <  .01 .  Newman-Keul s 
pairwis e comparison s yielde d a  significan t  differenc e 
betwee n C I  an d C 2 an d betwee n C 2 an d C3 .  Th e differenc e 
betwee n C 3 an d C 4 wa s no t  significant .  Identica l  A N O V As 
wer e repeate d usin g th e erro r  rate s whic h yielde d n o 
significan t  effects . 

Thi s patter n o f  result s i s identica l  t o tha t  foun d b y 
Wheeldo n an d Level t  (1995) .  I n thi s wa y th e effect s 
demonstrate d b y th e phonem e monitorin g methodolog y 
appea r  t o b e mor e robus t  acros s language s tha n thos e 
involvin g syllabl e monitoring . 

Method - Experiment 4 (b) This was an attempt to 
establis h whethe r  th e patter n o f  latencie s observe d o n th e 
productio n tas k bor e an y resemblanc e t o th e actua l  positio n 
of  th e targe t  phoneme s i n th e speec h stream .  Th e experimen t 
was repeate d bu t  instea d o f  requirin g subject s t o generat e th e 
carrie r  word s internall y the y wer e presente d t o the m 
auditorily . 
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Tabl e 3 :  A  Compariso n o f  th e Differenc e i n Monitorin g 

Latencie s (i n ms )  betwee n th e Fou r  Targe t  Position s i n 

Experiment s 4  (a )  an d (b) .  Percentag e Erro r  Score s ar e 

Give n i n Brackets . 

(0 ) 

Differenc e 

C1-C 2 

C2-C 3 

C3-C 4 

Experimen t 

Interna l 

Productio n 

109 (2.5 ) 

63(1.2 ) 

25 (0.2 ) 

Externa l 

Perceptio n 

264 

16 (0.7 ) 

127(1.4 ) 

Result s an d Discussio n Th e dat a fo r  thi s perceptio n 
experimen t  i s als o show n i n Table s 2  an d 3 .  Onc e agai n th e 
mean monitorin g latencie s fo r  th e fou r  experimenta l 
condition s increase s th e furthe r  alon g i n th e wor d th e 
phoneme i s positioned .  A N O V As demonstrate d tha t  th e 
differenc e betwee n thes e condition s wa s significant ,  F i  (3 , 
69 )  =  118.4 ,  MSErro r  =  5893 ,  p  <  .0 1 an d b y items ,  F j  (3 , 
51 )  =  44.8 ,  MSErro r  -  11770 ,  p < .01 .  Pairwis e comparison s 
showe d tha t  th e differenc e betwee n th e tw o syllable s onset s 
and offse t  wer e significant .  I n contrast ,  th e differenc e 
betwee n th e tw o phoneme s whic h flanke d th e syllabl e 
boundar y wa s not .  Thi s reflect s a  differen t  patter n o f 
monitorin g latencie s t o th e one s observe d i n th e productio n 
experimen t  bu t  i s consisten t  wit h th e positio n o f  th e targe t 
segment s i n th e speec h strea m i n tha t  th e syllabl e onset s an d 
offset s ar e temporall y separate d b y a  vowe l  wherea s C 2 an d 
C3 ar e not .  Thi s woul d sugges t  tha t  th e cod e bein g 
monitore d i n th e interna l  speec h tas k i s a n abstrac t  one . 

been show n tha t  speec h encodin g run s i n a  left-to-righ t 
manner  an d tha t  th e cod e i s syllabified .  Importantly ,  th e 
syllabl e boundar y effec t  wa s replicate d wit h word s whic h 
wer e no t  morphologicall y comple x supportin g th e ide a tha t 

th e syllabificatio n o f  subsequen t  syllable s i s hel d u p unti l 
phonemes hav e bee n assigne d t o th e initia l  syllable .  Thes e 
finding s complimen t  curren t  model s o f  speec h productio n 
suc h a s propose d b y Levelt ,  Roelof s an d Meye r  (1999 )  an d 
th e computer-base d W E A V ER mode l  (Roelofs ,  1992 ;  1997 ) 
whic h propos e tha t  phonologica l  encodin g run s i n a  strictl y 
seria l  orde r  an d tha t  th e syllabificatio n o f  a n utteranc e i s 
generate d on-lin e i n accordanc e wit h th e rule s o f  th e 
language . 

Finally ,  i t  wa s foun d tha t  whe n th e phonem e monitorin g 
tas k wa s repeate d usin g externa l  speec h a  completel y 
differen t  patter n o f  result s wa s seen .  Specifically ,  i t  wa s see n 
tha t  th e speedin g u p o f  encodin g i n th e fina l  syllabl e whic h 
was observe d i n th e inne r  speec h tas k wa s no t  foun d i n th e 
perceptio n version .  Thi s confirm s tha t  th e cod e bein g 
monitore d durin g th e inne r  speec h tas k i s phonologica l  an d 
not  encumbere d b y phoneti c o r  articulator y specifications . 

I n thi s wa y th e dat a presente d i n thi s pape r  ha s bee n abl e 
t o resolv e som e o f  th e problemati c aspect s o f  th e Wheeldo n 
and Level t  studies .  Th e lac k o f  a  syllabl e matchin g effec t  i n 
th e abov e dat a allow s certai n aspect s o f  th e Dutc h dat a t o b e 
attribute d t o a  comprehensio n no t  production-base d monitor . 
I t  ha s bee n show n tha t  th e left-to-righ t  patter n i s robus t 
acros s differen t  language s an d differen t  wor d elicitin g tasks . 
Finally ,  i t  ha s bee n confirme d tha t  th e tim e cours e o f  interna l 
speec h monitorin g i s differen t  t o externa l  speec h i n 
theoreticall y interestin g ways .  Thus ,  th e interna l  speec h 
monitorin g tas k ca n b e see n t o b e a  vali d methodolog y fo r 
th e investigatio n o f  th e tim e cours e o f  phonologica l 
encodin g durin g speec h production . 

G e n e r a l  Discussio n 
I n summary ,  thi s pape r  report s a  serie s o f  experiment s whic h 
require d subject s t o monito r  thei r  interna l  production s o f 
Englis h word s fo r  targe t  syllable s o r  phonemes .  Experiment s 
1- 3 sho w tha t  ther e i s n o evidenc e o f  a  syllabl e matc h effec t 
i n English .  However ,  whe n subject s wer e require d t o 
monito r  bisyllabi c C V C . C V C word s fo r  thei r  constituen t 
phonemes a  clea r  left-to-righ t  effec t  wa s observed .  I n 
addition ,  th e tim e take n t o detec t  th e phoneme s o n eithe r 
sid e o f  th e syllabl e boundar y wa s see n t o diffe r  an d a 
significan t  differenc e wa s see n betwee n th e monitorin g 
latencie s fo r  th e firs t  syllabl e onse t  an d offse t  whic h wa s no t 
repeate d i n th e fina l  syllable .  Thes e finding s relat e t o thos e 
of  Wheeldo n an d Level t  (1995 )  a s follows . 

Regardin g th e locu s o f  th e syllabl e monitorin g effect ,  ou r 
result s see m t o reflec t  characteristic s o f  th e perceptio n rathe r 
tha n th e productio n mechanisms .  Thi s support s th e clai m 
tha t  th e prearticulator y speec h cod e i s monitore d b y th e 
speec h comprehensio n syste m vi a a n interna l  loo p an d tha t 
thi s architectur e i s no t  sensitiv e t o syllabl e structur e fo r 
Englis h (Cutler ,  1997 ;  Cutler ,  e t  al. ,  1986 ;  Cutle r  an d Norris , 
1988 ,  Norri s an d Cutler ,  1988) . 

I n contrast ,  however ,  th e claim s regardin g th e tim e cours e 
of  th e phonem e monitorin g tas k hol d tru e i n tha t  th e abov e 
result s mirro r  thos e obtaine d i n th e Dutc h study .  I t  ha s agai n 
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