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Abstrac t 

Phonological reduction and assimilation are intrinsic to 
speech .  W e repor t  a  statistica l  exploratio n o f  a n idealise d 
phonologica l  versio n o f  th e London-Lun d Corpu s an d 
describ e th e computationa l  consequence s o f  phonologica l 
reductio n an d assimilation .  I n term s o f  intra-wor d 
informatio n structure ,  th e overal l  effec t  o f  thes e processe s 
i s t o flatte n ou t  th e redundanc y curv e calculate d ove r 
consecutiv e segment-positions .  W e sugges t  tha t  thi s effec t 
represent s a  genera l  principl e o f  th e presentatio n o f 
informatio n t o th e brain :  informatio n shoul d b e sprea d a s 
evenl y a s possibl e ove r  a  representationa l  surfac e o r  acros s 
time .  W e als o demonstrat e tha t  th e effec t  i s  partiall y  du e t o 
th e fac t  tha t  whe n assimilatio n introduce s phonologica l 
ambiguity ,  a s in/<3 /  ma n comin g t o resemble/a p man ,  the n 
th e ambiguit y introduce d i s alway s i n th e directio n o f  a  les s 
trcquen i  segment :  /p /  i s  les s frequen t  tha n /{/ .  W e sho w tha t 
thi s observation ,  th e "Mov e t o Markedness" ,  i s  tru e acros s 
th e boar d fo r  change s i n segmen t  identit y i n English .  Thi s 
distributio n o f  segment s mean s tha t  th e numbe r  o f 
erroneou s lexica l  hypothese s introduce d b y segment -
changin g processe s suc h a s assimilatio n i s minimised .  W e 
sugges t  tha t  th e Mov e t o Markednes s withi n th e lexico n i s 
th e resul t  o f  pressur e fro m th e requirement s o f  a  ver y 
efficien t  wor d recognitio n devic e tha t  i s  sensitiv e t o 
change s o f  individua l  phonologica l  features . 

Production of Fast, Continuous Speech 

Normal speech is fast, casual, continuous and 
situationall y located .  Thes e feature s m e a n tha t  th e 
pionunciatio n o f  an y on e w o r d i s  likel y t o diffe r 
substantiall y  fro m th e w a y tha t  i t  migh t  b e produce d i n 
"citatio n form "  -  th e careful ,  ideal ,  isolate d "dictionary " 
pionunciatio n o f  tha t  word .  First ,  th e wor d m a y refe r  t o a 
give n i n th e discours e o r  th e environmen t  o f  th e discourse , 
i n whic h cas e eve n a  poorl y specifie d wordfor m m a y b e 
sufficien t  fo r  th e listene r  t o recognis e th e intende d word . 
Second ,  th e wor d m a y b e a  functio n wor d lik e which ,  i s  o r 
the ,  whos e identit y i s i n par t  predictabl e fro m th e syntacti c 
context .  I n thi s case ,  top-dow n processin g m a y augmen t  th e 

perceptio n o f  th e wor d (Shillcoc k &  Bard ,  1993) .  Third ,  th e 
articulator s mus t  m o v e betwee n th e physica l  position s 
require d t o produc e consecutiv e speec h segment s and , 
particularl y i n faste r  speech ,  thi s m a y m e a n tha t  th e 
articulator s d o no t  reac h th e opt imu m positio n fo r  an y on e 
segment  befor e bein g require d t o m o v e t o n e w position s 
appropriat e t o th e productio n o f  th e nex t  segment .  Thi s 
means tha t  th e pronunciatio n o f  an y segmen t  m a y b e 
influence d b y adjacen t  an d nearb y segments ,  eve n i f  thos e 
segment s ar e o n th e othe r  sid e o f  a  wor d boundary .  I n thi s 
pape r  w e develop ,  fro m a n informatio n processin g 
perspective ,  a  genera l  principl e concernin g th e productio n o f 
fas t  speec h an d w e revea l  a  strikin g generalisatio n abou t  th e 
distributio n o f  segment s i n relatio n t o thes e fas t  speec h 
processe s an d th e proble m o f  wor d recognition' . 

T h e processe s w e describe ,  suc h a s assimilation ,  ar e 
determine d a t  leas t  partl y b y th e physica l  structur e o f  th e 
articulators .  Th e lexico n o f  curren t  Englis h ha s develope d 
agains t  th e backdro p o f  thes e physica l  constraints .  W e 
assum e tha t  th e vocabular y o f  Englis h ha s accommodate d 
thes e physica l  constraint s i n term s o f  an y implication s the y 
m ay hav e fo r  informatio n processing ,  intelligibilit y  o r  eas e 
of  production . 

Producin g speech ,  a t  norma l  rate s o f  perhap s 100-12 0 
word s a  minute ,  i s  th e mos t  comple x muscula r  activit y i n 
ou r  repertoire .  Similarly ,  listenin g t o speec h an d derivin g 
message-leve l  interpretation s virtuall y instantaneously ,  i s 
arguabl y a s comple x a  computationa l  tas k a s w e undertak e 
i n suc h a  timescale.  I n "fas f  (tha t  is ,  normal )  speec h 
processes ,  thes e pressure s o n speake r  an d listene r  ar e bot h 
present .  W e migh t  expec t  th e phonologica l  conten t  o f 
speec h t o hav e bee n shape d s o a s t o b e readil y speede d u p 
wit h a s littl e lac k o f  intelligibilit y  a s possible .  Be low ,  w e 
adop t  a  corpus-base d approac h t o demonstrat e th e trut h o f 

'Phonetician s contras t  "citatio n form "  pronunciatio n wit h "fas t 
speech "  pronunciation .  Th e poin t  w e emphasis e her e i s tha t 
normal ,  conversationa l  speec h i s "fast" ,  i n thes e terms . 
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thi s claim .  W e wil l  describe ,  i n informatio n theoreti c terms , 
th e result s o f  buildin g fas t  speec h processe s int o a 
phonologica l  transcriptio n o f  a  corpu s o f  conversationa l 
speech .  First ,  w e describ e th e generatio n o f  th e corpu s an d 
the n w e presen t  statistica l  analyse s o f  th e implication s fo r 
wor d recognition . 

Generating a Realistic Speech Corpus 

We describe in detail elsewhere the generation of an idealised 
phonologica l  transcriptio n o f  th e London-Lun d Corpu s 
(LLC )  (Svartvi k &  Quirk ,  1980 ;  Shillcock .  Hicks ,  Cairns , 
Lev y &  Chater .  1995) .  Th e L L C i s a  corpu s o f 
orthographicall y transcribe d conversationa l  Englis h speech , 
containin g som e 494,00 0 wor d tokens .  Th e speec h contain s 
th e fals e starts ,  fille d pauses ,  repetition s an d pausin g tha t 
characteris e norma l  speech .  S o m e 1 9 % o f  th e wor d 
boundarie s i n th e L L C ar e explicitl y  marke d b y pause s o r 
speake r  changeovers .  Th e res t  i s  continuou s speech .  W e 
summaris e belo w th e procedur e b y whic h a n idealise d 
phonologica l  transcriptio n o f  thi s corpu s wa s generated .  Th e 
goal  wa s t o develo p a  phonologica l  corpu s tha t  retaine d th e 
psychologicall y importan t  scal e an d representativenes s o f  th e 
origina l  orthographi c corpus . 

First ,  th e corpu s wa s strippe d o f  al l  annotation s pertainin g 
t o speake r  identity ,  prosody ,  pausing ,  an d othe r 
paralinguisti c information .  Second ,  th e orthographi c wor d 
token s wer e replace d b y thei r  respectiv e citatio n forms , 
derive d fro m th e C E L E X database^ .  A  minorit y o f  token s 
wer e transcribe d a s exceptions ,  eithe r  becaus e the y di d no t 
occu r  i n C E L E X ,  o r  the y wer e fragment s o f  words ,  o r  the y 
had bee n give n a  phonologica l  transcriptio n i n th e origina l 
L L C.  Third ,  phonologica l  reduction s an d assimilation s wer e 
introduced ,  a s describe d below . 

I t  i s  no t  possibl e t o recreat e th e ful l  richnes s o f  th e 
phonologica l  reductio n o f  th e origina l  speech ,  whic h woul d 
diffe r  betwee n speakers ,  betwee n utterances ,  an d betwee n 
differen t  token s o f  th e sam e word .  However ,  i t  i s possibl e t o 
creat e a  versio n o f  th e entir e corpu s tha t  i s rathe r  mor e 
representativ e o f  norma l  speec h tha n a  simpl e concatenatio n 
of  citatio n forms .  O n e indicato r  o f  th e validit y o f  th e 
transcriptio n i s th e degre e t o whic h th e resultin g globa l 
statistic s predic t  rea l  processin g behaviour .  I n thi s respect , 
ther e i s reaso n t o believ e tha t  th e overal l  statistic s w e hav e 
extracte d fro m th e phonologica l  versio n o f  th e L L C ar e 
psychologicall y realistic .  W e hav e use d thes e statistic s 
successfull y t o mode l  p h o n e m e restoratio n an d th e 
acquisitio n o f  expressiv e phonolog y (see ,  e.g. ,  Chater , 
Shillcock ,  Cairn s &  Levy ,  1995 ;  Shillcock ,  Chater ,  Lev y & 
Hicks ,  1996) . 

We incorporate d phonologica l  reductio n int o th e corpu s 
fo r  th e functio n word s only .  I n rea l  speech ,  thi s clas s o f 
word s i s disproportionatel y affecte d b y phonologica l 
reduction ,  reflectin g th e fac t  tha t  suc h word s m a y b e 
perceptuall y restore d b y thei r  syntacti c context .  A  singl e 
reduce d versio n o f  eac h functio n wor d wa s take n fro m th e 

-CELE X Lexica l  Databas e o f  Englis h (Versio n 2.5) .  Dutc h 
Centr e to r  Lexica l  Information ,  Nijmegen . 

reduce d form s liste d i n th e C E L E X database ,  an d wa s 
substitute d fo r  th e citation-for m versio n i n al l  instance s 
wher e thi s wa s appropriat e t o th e phonologica l  context .  Fo r 
instance ,  ha d wa s transcribe d a s /had/ ,  an d an d a s /and/ . 
Elsewher e w e lis t  al l  o f  th e relevan t  functio n word s an d thei r 
reduce d form s (Shillcoc k et .  al. ,  1995) .  Thes e functio n 
word s accounte d fo r  som e 5 3 % o f  th e wor d tokens . 

Afte r  th e functio n wor d reduction s ha d bee n made ,  w e 
adde d t o ou r  phonologica l  transcriptio n a n approximatio n o f 
th e effect s o f  assimilation .  Thes e effect s wer e applie d acros s 
al l  word s i n th e corpus ,  functio n an d content .  I n rea l  speech , 
consonant s ma y b e assimilate d t o th e plac e o f  articulatio n o f 
th e followin g segment ;  fo r  instance ,  th e /t /  i n fa t  m a n ma y 
be assimilate d t o th e labia l  plac e o f  articulatio n o f  th e 
followin g / m /  s o tha t  th e /t /  acquire s som e o f  th e 
characteristic s o f  a  /p/ .  I n th e extrem e cas e th e /t /  ma y 
become a  /p/ ,  givin g fa p man ,  bu t  i n othe r  case s th e /t / 
become s ambiguou s betwee n a  /t /  an d a  /p/ .  I n ou r 
phonologica l  transcriptio n o f  th e L L C ,  w e hav e adopte d a n 
idealise d cas e i n whic h th e /t /  i s  change d int o a  /p/ . 
Specifically ,  /d /  befor e a  labia l  becam e /b/ ,  /t /  befor e a  labia l 
became /p/ ,  /d /  befor e a  vela r  becam e /g/ ,  /t /  befor e a  vela r 
became /k/ .  I n addition ,  th e si x consonant s wer e replace d b y 
thei r  unrelease d version s whe n the y occurre d befor e anothe r 
consonant .  Al l  o f  th e rule s regardin g assimilatio n an d th e 
inclusio n o f  th e unrelease d version s o f  th e consonant s wer e 
applie d regardles s o f  an y wor d boundar y information .  Thus , 
assimilatio n coul d occu r  acros s th e syllabl e boundarie s 
withi n a  polysyllabi c word ,  an d th e firs t  consonant s i n al l 
consonan t  cluster s becam e unreleased . 

The procedur e sketche d abov e produce d a  phonologica l 
versio n o f  th e L L C tha t  i s psychologicall y realisti c i n term s 
of  th e distributiona l  statistic s o f  it s segments ,  i n spit e o f  th e 
relativ e crudenes s o f  suc h a n automate d procedur e compare d 
wit h a  clos e transcriptio n mad e b y a  traine d phonetician . 

The Information Structure of Words 

We now consider each segment position in all the words of a 
particula r  length ,  an d w e calculat e th e predictabilit y  o f  th e 
content s o f  tha t  segmen t  position .  A t  on e extrem e i s th e 
cas e i n whic h ever y possibl e segmen t  occur s wit h exactl y 
equa l  probabilit y  i n th e Mt h positio n i n al l  word s o f  lengt h n 
or  more :  thi s segmen t  positio n i s therefor e maximall y 
informativ e an d minimall y redundant .  A t  th e othe r  extrem e 
i s th e cas e i n whic h onl y on e particula r  segmen t  eve r  occur s 
i n th e nt h positio n i n word s o f  lengt h n  o r  more :  thi s 
segment  positio n i s minimall y informativ e an d maximall y 
redundant .  I n reality ,  practicall y al l  case s fal l  betwee n thes e 
tw o extremes .  I n th e discussio n below ,  w e wil l  b e concerne d 
wit h redundancy ,  s o tha t  th e greate r  th e redundancy ,  th e mor e 
predictabl e i s th e processin g o f  tha t  particula r  segmen t 
position . 

Redundanc y wa s calculate d a s follow s (see ,  e.g. , 
Yannakoudaki s &  Hutton ,  1992) : 

Let  5  =  Se t  o f  allowe d phoneme s 
= {s ,̂s ,̂s ,̂...,s j 

P =?T(s)/'LPTis ) 
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W-max =  log, n 

w = - i : _ ,  p iog, p 
Entrop y E  =  /////-ma x 
Redundanc y / ? = ! - £ 

Redundanc y range s betwee n 0  an d 1 .  Figur e 1  show s an 
exampl e redundanc y curv e calculate d ove r  th e fou r  segmen t 
position s fo r  al l  o f  th e four-lette r  word s i n th e fina l 
phonologica l  versio n o f  th e L L C .  Thi s show s tha t  th e 
genera l  shap e o f  th e redundanc y curve s i s on e whic h rise s 
ove r  time :  th e earl y segment s o f  spoke n word s ar e mor e 
informativ e tha n th e late r  ones .  Thi s i s i n agreemen t  wit h 
th e upwar d slop e o f  th e curve s reporte d b y Yannakoudaki s 
and Hutto n fo r  corpor a derive d fro m text ,  an d follow s thei r 
conventio n o f  plottin g redundancy ,  rathe r  tha n entropy , 
agains t  segmen t  position .  Not e tha t  th e measur e o f 
redundanc y use d her e i s concerne d onl y wit h th e distributio n 
of  segment s withi n a  particula r  segmen t  position ,  an d no t 
wit h th e phonologica l  informatio n accumulate d u p t o tha t 
poin t  i n a  particula r  word .  I n thi s analysis ,  redundanc y a t 
any on e segmen t  positio n i s i n n o wa y conditiona l  o n wha t 
has occurre d earlier ;  late r  segment s ar e no t  redundan t  becaus e 
th e identit y o f  a  particula r  wor d i s constraine d b y wha t  ha s 
gon e before . 

0. 3 

0.25 -

0 . 2 -

0 .15 -

1 2  3 

S e g m e nt  positio n 

Figur e 1 :  Th e redundanc y curv e acros s th e fou r  segmen t 
position s fo r  al l  o f  th e four-lette r  word s i n th e L L C . 

Figure 2 shows the aggregate redundancy curve for all of 
th e word s i n th e L L C o f  lengt h 1- 9 segments .  Th e soli d 
lin e i s th e redundanc y curv e fo r  th e word s i n citatio n form , 
befor e phonologica l  reductio n an d assimilation .  Th e dotte d 
lin e i s th e redundanc y curv e fo r  th e word s afte r  th e operatio n 
ol  thes e fas t  speec h processes . 

As Figur e 2  shows ,  phonologica l  reductio n an d 
assimilatio n increase d th e leve l  o f  redundanc y i n th e earl y 
part s o f  word s an d decrease d i t  i n th e late r  part s o f  words . 
The overal l  effec t  i s  o f  a  flattenin g o f  th e curve ,  whic h w e 
explor e further ,  below .  W e hav e replicate d thi s resul t  wit h a 
differen t  corpu s o f  orthographicall y transcribe d speech . 

whic h w e hav e converte d int o a  phonologica l  transcriptio n 
usin g th e procedur e describe d above .  Figur e 3  show s th e 
correspondin g dat a fo r  a  comparabl e amoun t  o f  speech ,  th e 
speec h addresse d t o childre n age d 0-2 8 month s i n th e 
C H I L D ES corpu s (MacWhinney ,  1991) . 
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0 .25 -

e 
« 
B 
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0 . 1 5 -

0. 1 

befor e reductio n 
afte r  reductio n 

T — I — I — I — I — I — I — I —r 
1 2 3 4 5 6 7 8 9 

S e g m e nt  positio n 

Figure 2: The effects of phonological reduction and 
assimilatio n o n redundancy ,  fo r  word s o f  lengt h 1- 9 

i n th e L L C . 

0.35 -

0 .3 -

e 0.25- 1 

•o 0 .2 -

0 . 1 5 -

0. 1 

befor e reductio n 

after reduction 

T — I — I — I — I — I — I — I —r 
1 2 3 4 5 6 7 8 9 

S e g m e nt  positio n 

Figure 3; The effects of phonological reduction and 
assimilatio n o n redundancy ,  fo r  word s o f  lengt h 1- 9 

i n th e C H I L D E S Corpus . 

The increase in redundancy in the earlier part of the curves 
i n Figure s 2  an d 3  i s principall y du e t o th e replacemen t  o f 
th e closed-clas s word s b y thei r  reduce d forms .  Thes e word s 
ar e typicall y shor t  an d thei r  phonologica l  reductio n involve s 
th e replacemen t  o f  citatio n for m vowel s b y /a/ ,  a s i n ha d an d 
and .  Thi s cause s th e distributio n o f  segment s i n th e earlie r 
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position s t o becom e mor e skewed ,  increasin g redundancy . 
Thi s increas e i n redundanc y i s reverse d i n th e late r  par t  o f  th e 
curv e i n bot h th e L L C an d th e C H I L D E S corpora ,  wit h 
redundanc y generall y lowe r  fro m th e thir d segmen t  on , 
followin g th e applicatio n o f  fas t  speec h rule s (i n Wilcoxo n 
signe d rank s tests ,  i  =  -2.197 ,  p  <  .03 ;  z  =  2.366 ,  p  <  .02 , 
respectively) .  Thi s reductio n i n redundanc y i s th e resul t  o f 
assimilatio n introducin g les s frequen t  segment s a t  th e end s 
of  syllable s an d words ,  an d i s discusse d belo w i n term s o f 
th e implication s fo r  wor d recognition . 

The dat a show n i n Figure s 2  an d 3  ar e consisten t  wit h 
what  ma y b e a  genera l  principl e o f  informatio n processin g 
i n th e brain ,  tha t  incomin g informatio n shoul d b e sprea d a s 
evenl y a s possibl e ove r  th e relevan t  representationa l  surface . 
Thi s i s illustrate d i n topographi c mapping ,  a s i n Penfield' s 
h o m u n c u l u s ,  fo r  instance .  M o r e somati c 
stimulation/informatio n a t  on e particula r  regio n compare d t o 
anothe r  lead s t o mor e extensiv e cortica l  representatio n o f  th e 
former .  Equa l  representationa l  spac e fo r  bot h woul d resul t  i n 
an uneconomica l  us e o f  computationa l  resources .  (Fo r 
furthe r  discussion ,  see ,  e.g. .  Smith ,  1996. )  W e propos e tha t 
th e effec t  demonstrate d i n Figure s 2  an d 3  reflect s th e 
tempora l  analogu e o f  thi s principle :  th e optima l  profil e o f 
informatio n ove r  tim e i s flat ,  th e processo r  shoul d no t  b e 
subjec t  t o fluctuations  i n th e informativenes s o f  th e speec h 
signa l  a t  th e phonologica l  level .  I n informatio n theoreti c 
terms ,  th e functiona l  motivatio n fo r  thi s phenomeno n i s 
tha t  th e frequenc y o f  occurrenc e o f  segment s i s evene d out , 
thu s allowin g m a x i m u m transfe r  o f  informatio n i n a n 
increasingl y nois y channel . 

The increasin g redundanc y curve s i n Figure s 1- 3 reflec t  a 
broader ,  communicativ e pressur e o n th e structur e o f  th e 
lexicon ,  i n tha t  i t  i s  desirabl e fo r  word s t o b e distinguishe d 
earl y i n thei r  acousti c lifetimes .  (W e se e thi s sam e pressur e 
reflecte d a t  th e morphologica l  leve l  i n term s o f  a 
crosslinguisti c preferenc e fo r  suffixin g ove r  prefixin g 
(Hawkin s &  Cutler ,  1985). )  Thi s i s  a n abstrac t 
characterisatio n o f  th e problem ,  appropriat e t o centra l 
processin g i n a  lexico n o f  idealise d forms .  I n contrast ,  th e 
flattened  redundanc y curve s reflec t  th e exigencie s o f  mor e 
periphera l  processing ,  i n whic h segmen t  identit y mus t  b e 
determine d unde r  tim e pressur e i n a  nois y signal . 

Althoug h w e onl y presen t  dat a concernin g across-the-boar d 
replacemen t  b y phonologicall y reduce d form s fo r  th e closed -
clas s words ,  th e effect s o f  reductio n o f  th e open-clas s word s 
may b e see n t o b e i n lin e wit h th e overal l  flattening  o f  th e 
redundanc y curv e describe d above .  Open-clas s word s 
predominantl y hav e metricall y stron g initia l  syllable s 
(Cutle r  &  Carter ,  1987) ,  containin g ful l  vowel s an d no t 
attractin g th e degre e o f  phonologica l  reductio n tha t  fall s t o 
th e metricall y wea k late r  syllables .  Th e los s o f  segments ,  i n 
perceptio n an d production ,  fro m th e late r  part s o f  word s -  a s 
i n th e secon d syllabl e o f  statio n bein g replace d b y a  syllabi c 
/n/ ,  fo r  instanc e -  wil l  remov e fro m th e statistic s th e ver y 
frequent ,  vulnerabl e segment s suc h a s h /  an d /t/ ,  an d 
contribut e t o th e furthe r  lowerin g o f  th e high-redundanc y 
par t  o f  th e curve . 

Conventionally ,  phonologica l  reductio n i n th e les s 
informative ,  late r  part s o f  open-clas s word s i s  see n a s 
reflectin g th e fac t  tha t  a  particula r  wor d ma y b e expecte d t o 
hav e bee n recognise d b y thi s point .  W e presen t  a 
complementary ,  alternativ e analysi s here :  thes e segment s ar e 
more affecte d becaus e the y ar e mor e predictabl e simpl y o n 
th e basi s o f  distanc e fro m th e beginnin g o f  th e word . 
Naturall y ther e ar e othe r  influence s o n intelligibilit y an d 
informativeness ,  apar t  fro m thos e w e hav e considere d above : 
prosod y i s on e suc h example .  Th e tendenc y o f  fas t  speec h 
processe s t o produc e flatter  redundanc y curve s i s see n her e a s 
a genera l  tendenc y tha t  interact s wit h othe r  factors . 

Implications for Word Recognition 

The effects of assimilation are generally taken to be 
deleteriou s t o wor d recognition :  th e identit y o f  a  segmen t  i s 
bein g compromised ,  eithe r  b y makin g i t  ambiguou s wit h 
anothe r  segmen t  or ,  a s i n ou r  idealisatio n o f  th e effect ,  b y 
changin g it s identit y completel y t o tha t  o f  anothe r  segment . 
Assimilatio n migh t  b e expecte d t o impai r  wor d recognitio n 
by excludin g th e intende d wor d fro m th e cohor t  o f  lexica l 
candidate s and/o r  b y introducin g erroneou s candidate s int o 
th e cohort .  Fo r  instance ,  i n th e phras e stree t  ca r  th e 
assimilatio n o f  th e /t /  t o th e followin g /k /  appear s t o 
introduc e th e erroneou s candidat e streak .  (Fo r  furthe r 
psycholinguisti c an d modellin g exploration s o f  assimilation , 
see Marslen-Wilson ,  Ni x &  Gaskell ,  1995 ;  Gaskell ,  1993 ; 
Gaskell ,  Har e &  Marslen-Wilson ,  1995) .  However ,  th e 
globa l  statistic s derive d fro m th e corpu s revea l  tha t 
assimilatio n ca n hav e implication s fo r  wor d recognitio n tha t 
ar e ver y differen t  fro m thi s pessimisti c picture .  Figur e 4 
shows th e percentage s o f  word s i n th e L L C tha t  ar e no t 
uniquel y specifie d i n segmenta l  term s befor e thei r  offsets . 
Thes e word s ar e lik e m a r  o r  part ,  whic h ca n g o o n t o 
become longe r  words ,  mar k an d partner . 
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Figur e 4 :  Percentage s o f  uniquel y specifie d word s i n th e 
L L C,  prio r  t o applicatio n o f  th e fas t  speec h processes . 
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The 8 0 % o f  non-uniqu e token s i s doubl e tha t  reporte d b y 
Luc e (1986 )  i n a  similar ,  bu t  dictionary-based ,  study ,  du e t o 
th e inclusio n i n th e curren t  stud y o f  inflecte d forms , 
involvin g pair s suc h a s thei r  an d theirs ,  an d wal k an d 
walked .  Compar e Figur e 4  wit h Figur e 5 ,  whic h show s th e 
effect s o f  applyin g phonologica l  reductio n an d assimilatio n 
t o th e corpus ,  th e resul t  i s a  considerabl e reductio n i n th e 
ambiguit y introduce d b y th e non-uniqu e forms .  Thes e 
figures  ar e base d o n th e assumptio n tha t  assimilate d form s 
of  word s ar e lexicalise d an d coun t  a s lexica l  items ,  s o tha t 
las t  expand s int o thre e lexica l  entries ,  endin g wit h /t/ ,  /k / 
and /p /  respectively ,  th e las t  tw o resultin g fro m 
conjunction s lik e las t  cal l  an d las t  place . 
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Status of count 

Figur e 5 :  Percentage s o f  uniquel y specifie d word s i n th e 
LLC,  followin g applicatio n o f  th e fas t  speec h processes . 

The "iexicalisation solution" of simply storing the 
assimilate d form s a s legitimat e word s i s unlikel y t o b e a n 
adequat e complet e solutio n t o th e processin g o f  assimilate d 
forms ;  indeed ,  Gaskel l  e t  al .  provid e evidenc e agains t  thi s 
solutio n an d i n favou r  o f  onlin e inferencin g t o "undo "  th e 
assimilation ,  fo r  certai n stimulu s materials .  However , 
Iexicalisatio n doe s no t  emerge ,  i n th e curren t  study ,  a s suc h 
a clums y o r  expensiv e optio n a s migh t  hav e bee n thought . 
I n thi s instance ,  i t  cause s a n overal l  increas e fro m 18,67 1 
word-type s t o 20,630 ,  a n increas e o f  9.5% ,  t o achiev e a 
7.7 % increas e i n uniqu e tokens' .  Lexicalisatio n o f  frequentl y 
encountere d assimilate d wordform s an d onlin e inferencin g a s 
a parallel/back-u p proces s ma y b e a n attractiv e compromise . 

The Distribution of Segments 

We have seen in Figures 2 and 3 that fast speech processes 
increas e redundanc y i n earl y segmen t  position s an d decreas e 
it  i n late r  segmen t  positions .  Th e phonologica l  reductio n o f 

the ,  predominantl y short ,  functio n word s i s  primaril y 
responsibl e fo r  th e earl y increas e i n redundancy .  Althoug h 
assimilatio n wa s applie d acros s al l  th e word s i n th e corpu s 
irrespectiv e o f  wor d boundaries ,  i t  ha s it s effec t  a t  th e end s 
of  syllable s an d word s an d i s therefor e primaril y responsibl e 
fo r  th e decreas e i n redundanc y i n th e late r  part s o f  th e curves . 
We hav e alread y briefl y allude d t o th e fac t  tha t  thi s effec t  i s 
du e t o assimilatio n replacin g frequentl y occurrin g segment s 
by les s frequentl y occurrin g ones .  W e n o w elaborat e upo n 
thi s observatio n concernin g segmen t  distribution ,  whic h w e 
ter m th e " M o v e t o Markedness" ,  whic h i s tru e o f  Englis h 
and whic h w e predic t  wil l  hol d fo r  othe r  languages : 

"If segment x is influenced by the following segment 
t o resembl e segmen t  y ,  the n x  wil l  occu r  mor e 
frequentl y i n th e languag e tha n >. " 

For example. III may be influenced by a following /p/ to 
resembl e /p /  itself ,  a s i n las t  place ,  an d statistica l  analysi s o f 
our  phonologica l  versio n o f  th e L L C reveal s tha t  /t /  occur s 
mor e frequentl y tha n /p/ .  Thes e sam e overal l  frequencie s (se e 
Shillcoc k e t  al. ,  1995 )  sho w tha t  thi s relatio n hold s fo r  al l 
of  th e segmen t  change s w e lis t  below ,  whic h includ e som e 
assimilation s no t  instantiate d i n th e versio n o f  th e L L C w e 
hav e describe d above ,  a s wel l  a s change s involvin g 
unrelease d consonants :  /d /  - > /b/ ,  l\ J - ^  /p/ ,  Id l  —> /g/ .  II I 
- » /k/ ,  /n /  - ^  Iml ,  In l  - ^  /q/ ,  /s /  ̂  /J/ ,  Ib l  - ^  /b7 ,  /d /  ^ 
/dV .  /k /  ̂  /kV ,  /g /  - ^  /gV .  /p /  - ^  Ipl ,  / t / ^  /tV .  Th e fac t 
tha t  al l  1 3 o f  thes e change s ar e i n th e directio n o f  a  les s 
frequen t  segmen t  -  toward s markednes s -  i s significan t  b y 
th e binomia l  test ,  p  <  .001 ;  fo r  th e seve n assimilation s 
alone ,  p  <  .008 " 

T h e functiona l  motivatio n tha t  w e clai m fo r  thi s 
distributiona l  constrain t  i s  tha t  i t  offset s interferenc e wit h 
spoke n wor d recognitio n fro m th e effect s o f  assimilation . 
Assimilatio n cause s segment s t o becom e mor e ambiguou s 
or  t o chang e thei r  identity .  Thes e effect s ar e potentiall y 
disruptiv e t o wor d recognition ,  give n tha t  th e processo r 
seems t o b e sensitiv e t o singl e change s a t  th e featur e leve l 
(see ,  e.g. ,  Marslen-Wilson ,  1993) :  a  chang e fro m II I  to/d / 
at  th e en d o f  th e wor d aprico t  i s  sufficien t  t o switc h of f 
primin g b y tha t  word .  Th e processo r  need s t o preven t  a 
chang e i n segmen t  fro m causin g th e activatio n o f  a  larg e 
ne w cohor t  o f  erroneou s lexica l  candidate s a t  th e sam e tim e 
as th e correc t  candidat e i s  apparentl y disqualified .  Fo r 
instance ,  i f  th e correc t  candidat e i s  b a t m a n ,  i t  m a y b e 
exclude d fro m th e cohor t  o f  activ e lexica l  candidate s b y 
assimilatio n producin g bap- .  Thi s candidat e ca n b e rescue d 
eithe r  b y th e lexicalisatio n accoun t  discusse d above ,  i n 

'Not e tha i  (her e i s margina l  evidenc e fo r  th e lexicalisatio n o f 
tas i  speec h form s i n thos e individual s wh o miswrit e coul d hav e 
as coul d of .  o r  handba g a s hambag . 

"Not e tha t  thi s i s a  conservativ e tes t  o f  th e observation ,  i n tha t 
th e judgement s wer e mad e o n a  versio n o f  th e corpu s i n whic h 
th e fas t  speec h processe s ha d alread y bee n modelled ,  an d i n 
whic h th e number s o f  th e les s frequen t  segment s ha d therefor e 
been increased .  Tha t  is ,  th e disparit y betwee n th e frequencie s o f 
/t /  an d /p /  i s  somewha t  offse t  b y assimilation ,  i n whic h th e 
forme r  ar e turne d int o th e tatter .  I f  an y aspec t  o f  wor d 
recognitio n employ s pre-assiilation ,  citation-for m templates , 
the n th e observatio n i s tru e i n eve n mor e strikin g form ,  wit h 
greate r  frequenc y disparities . 
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whic h bapniu n i s stored ,  o r  b y a n onlin e proces s o f  inferenc e 
onc e th e followin g /m /  i s  encountered .  Bot h o f  thes e 
solution s m a y exis t  i n huma n listeners ,  an d ma y b e 
determine d b y th e frequenc y o f  th e assimilate d wordform . 
The othe r  aspec t  o f  th e proble m i s th e possibl e inclusio n o f 
erroneou s candidate s i n th e cohort .  Th e M o v e t o Markednes s 
ensure s tha t  th e numbe r  o f  erroneou s candidate s i s 
minimised ;  thi s i s  th e motivatio n fo r  th e constraint .  It s 
efficac y i s ensure d b y th e fac t  tha t  th e ne w segmen t  identit y 
i s lowe r  i n frequenc y tha n th e segmen t  i t  replaces .  Thi s i s 
illustrate d b y ou r  example :  i f  th e 1x 1 i n batma n become s a 
/p/ ,  the n b a p ,  bapt ism ,  baptister y an d baptis e ar e 
erroneousl y adde d t o th e word s alread y activated ,  bu t  batch , 
batchy ,  bateau ,  bateleur ,  batik ,  batiste ,  baton ,  batsman , 
battels ,  batten ,  batter ,  battery ,  batting ,  battle ,  battledore , 
battlement ,  battue ,  batt y an d batwoma n wil l  b e deactivate d 
(word s take n fro m th e Concis e Oxfor d Dictionary) .  I t  i s 
impossibl e t o ensur e tha t  n o erroneou s candidate s a t  al l  ar e 
activated ,  bu t  th e fac t  tha t  th e ne w segmen t  identit y  i s lowe r 
i n frequenc y tha n th e segmen t  i t  replace s reduce s th e numbe r 
of  ne w an d erroneou s candidates .  Thi s argumen t  applie s eve n 
i f  assimilatio n onl y make s th e segmen t  ambiguou s betwee n 
tw o segment s a s oppose d t o completel y switchin g it s 
identity ;  i n thi s case ,  th e M o v e t o Markednes s limit s th e 
confusio n sow n rathe r  tha n actuall y reducin g it . 

Finally ,  th e M o v e t o Markednes s ha s implication s fo r 
speec h segmentation .  Th e probabilit y o f  th e transitio n 
betwee n consecutiv e segment s i s  potentiall y  valuabl e 
informatio n fo r  decidin g tha t  tw o segment s straddl e a  wor d 
boundar y (see ,  e.g. .  Cairns ,  Shillcock ,  Chate r  &  Levy , 
1994) ;  mor e unlikel y transition s ar e bette r  candidate s fo r 
boundaries .  Movement s toward s markednes s mak e suc h 
segmentatio n decision s mor e likely ,  i n tha t  the y wil l  ten d t o 
produc e les s frequen t  transitions . 

Conclusions 

A corpus-based approach can reveal novel aspects of 
languag e structur e an d processing .  O n th e basi s o f  empirica l 
exploratio n o f  th e London-Lun d Corpus ,  w e sugges t  a 
genera l  goa l  o f  fas t  speec h processes :  producin g a  flatte r 
redundanc y curv e ove r  segmen t  position s i n words .  W e als o 
repor t  a  functiona l  constrain t  o n th e distributio n o f 
phonologica l  segments ,  th e M o v e t o Markedness .  Thi s 
constrain t  i s  motivate d b y th e requirement s o f  th e wor d 
recognitio n process ,  i n whic h ther e i s a  virtuall y 
instantaneou s sensitivit y t o individua l  featur e changes .  W e 
clai m tha t  th e M o v e t o Markednes s i s th e resul t  o f  eas e o f 
intelligibilit y  selectin g fo r  a  particula r  distributio n i n th e 
lexicon ,  give n th e presenc e o f  physicall y determine d effect s 
suc h a s assimilation .  Thi s analysi s reveal s th e informatio n 
theoreti c consequence s o f  thes e effects . 
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