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W o r d Segmenta t io n i n Writte n Text : 

a n A r g u m e n t  fo r  a  Multipl e Subuni t  S y s t e m 

Rut h An n Atchley ,  Ovi d Tzeng ,  an d Melani e Cas s 
Departmen t  o f  Psychology :  Universit y o f  California ,  Riversid e 

Riverside ,  Californi a 9252 1 

ruthann@cassandra.ucr.ed u 

Abs t rac t 

Two types of word stimuli, easily syllabified 

(eg .  balcony )  an d ambisyllabi c Englis h word s (eg . 

balance) ,  wer e use d i n a  readin g tas k designe d t o 

determin e i f  word s ar e processe d usin g strictl y 

syllable s a s th e uni t  o f  segmentatio n o r  i f  multipl e 

unit s o f  segmentatio n ar e used .  W e coul d no t 

replicat e wor k don e b y Prinzmetal ,  Treiman ,  an d 

Rho (1986 )  wh o foun d that ,  wit h text ,  mor e illusor y 
conjunctio n occurre d withi n syllable s tha n acros s 

syllabl e boundaries .  I n contrast ,  ou r  wor k 

support s th e hypothesi s tha t  Englis h i s to o 

complicate d o f  a  languag e t o us e onl y on e 

segmentin g unit .  Thus ,  th e patter n o f  result s wa s 

dependen t  o n th e structur e o f  th e word s 

themselves ,  wit h th e ambisyllabi c word s bein g 

processe d usin g phoneme s an d no t  syllable s a s 

th e uni t  o f  segmentatk>n . 

Introduction 

Some form of word segmentation, the 

proces s o f  findin g simpl e unit s b y whic h eithe r 

speec h o r  tex t  ca n b e processe d an d accesse d i n 

semantk :  memory ,  i s  generall y believe d t o b e a 

necessit y give n th e complexit y o f  ou r  language . 

Particularl y i n speec h processing ,  wher e th e 

signa l  i s  continuou s (Cutle r  &  Norris ,  1988) ,  th e 

number  o f  individua l  pattern s whic h mus t  b e 

processe d b y th e perceive r  i s  infinite .  I n writte n 

language ,  despit e th e fac t  tha t  th e structur e o f  th e 

stimul i  i s  bette r  segmented ,  th e numbe r  o f 

potentia l  input s tha t  th e syste m coul d possibl y b e 

calle d upo n t o proces s i s n o les s 

staggering .  Thi s genera l  typ e o f  reasonin g i s wel l 

accepte d i n th e 

literatur e (  Henderson ,  1982 ;  Spoehr ,  1981 ; 

Cutler ,  Mehler ,  Norri s &  Sequi ,  1986) .  However , 

what  thes e unit s o f  segmentatio n ar e i s a  matte r  o f 

some controversy .  Furthermore ,  wit h a  fe w 

exceptions ,  thi s bod y o f  researc h tend s t o ignor e 

th e questio n o f  whethe r  o r  no t  th e sam e typ e o f 

processin g o r  segmentatio n tha t  i s  use d b y 

auditto n i s use d i n writte n text .  Therefore ,  w e mus t 

addres s th e issu e o f  whethe r  empirica l  result s 

fro m on e modalit y ca n b e generalize d t o th e 

other .  Lastly ,  th e complexit y o f  th e Englis h 

languag e mus t  b e take n int o accoun t  whe n 

generatin g stimuli .  Fo r  example ,  a  stud y o f  th e 

processin g o f  easil y syllabifie d word ,  fo r  exampl e 

pardon ,  i n whic h a  C V C C VC structur e lead s t o 

segmentatio n betwee n th e central ,  nonidentical , 

adjacen t  consonant s ma y no t  yiel d th e sam e 

result s a s a  stud y includin g ambisyllabi c word s 

whic h hav e a  C V C V C typ e o f  stnjcture ,  wit h a 

centra l  consonan t  tha t  "properl y betong s t o bot h 

th e firs t  an d secon d syllables "  (Cutler ,  Mehler , 

Norri s &  Sequi ,  1986 )  .  A s a  result ,  carefull y 

chose n stimul i  whic h generaliz e t o th e multiple -

structure d an d comple x natur e o f  th e Englis h 

languag e mus t  b e use d i n orde r  t o trul y tes t  an y 

potentia l  subunit' s  valkJity . 

One uni t  o f  segmentatio n whic h i s ofte n 

suggeste d a s th e ke y primar y uni t  fo r  processiri g 

has bee n th e syllable .  Savi n an d Beve r  (1970 ) 

showe d tha t  prespecified ,  o r  primed ,  syllable s 
wer e detecte d faste r  tha n prespecifie d 

phonemes .  Thus ,  the y argue d tha t  th e syllabl e i s 

th e firs t  uni t  o f  processin g followe d b y a 

decompositio n t o phonemes .  Sequi ,  Fmenfelde r 

and Mehle r  (1981 )  als o foun d tha t  i n monitorin g 

task s syllabl e size d target s wer e easie r  fo r 

listener s t o detec t  tha n phonem e size d targets . 

Liberman ,  Shankweiler ,  Fisher ,  an d Carte r  (1974 ) 

use d wor k wit h youn g childre n i n orde r  t o se e 

whic h uni t  o f  proces s i s mor e readil y used .  The y 

foun d tha t  chiklre n ca n easil y kientif y a  syllabl e bu t 

tha t  a  phonem e i s harde r  t o kJentify . 

I n additwn ,  Spoeh r  an d Smit h (1973 ; 

Spoehr ,  1981 )  showe d tha t  subject s coul d 

proces s a  on e syllabled ,  tachistoscopicall y 

presented ,  five-lette r  wor d nnor e accuratel y tha n a 

tw o syllable d wor d o f  th e sam e length .  The y 
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argue d tha t  thi s differenc e wa s du e t o th e fac t  tha t 

word s ar e processe d on e syllabl e a t  a  time ,  thu s a 

on e syllable d wor d i s chunke d an d store d quickl y 

as a  whole ,  whil e a  tw o syllabl e wor d require s twic e 

th e storag e tim e (se e Spoehr ,  198 1 fo r  review) .  A 

mor e recen t  stud y (Prinzmetal ,  Treima n &  Rho , 

1986 )  use s a n Interestin g researc h methodotog y 

t o agai n establis h tha t  th e syllabl e i s th e importan t 

subunit .  Prinzmetal ,  e t  al. ,  use d a  groupin g 

paradigm ,  usuall y use d i n attentio n research ,  t o 

sho w tha t  nfX)r e illusor y conjunction s occu r  withi n a 

syllabl e the n acros s syllabl e boundaries . 

Therefore ,  the y argue d tha t  th e syllabl e i s th e 

most  strongl y groupe d uni t  i n a  word ,  muc h lik e a 

lin e o f  simila r  figure s wouk l  b e strongl y groupe d i n 

a Gestal t  display . 

Th e secon d schoo l  o f  though t  o n 

segmentatio n ha s bee n vok;e d b y Cutler ,  Mehler , 

Norris ,  an d Sequ i  (1986 ,  1992) .  Thi s approac h 

argue s tha t  wor d segmentatio n i s ver y muc h 

affecte d b y th e languag e bein g processe d and , 

withi n English ,  b y th e structur e o f  th e word s 

themselves .  Therefore ,  fo r  th e Englis h language , 

th e complexit y o f  th e languag e du e t o It s "stress -

based "  linguisti c structure ,  require s a  processo r  t o 

eithe r  us e a  phonem e base d segmentatio n 

strateg y o r  t o us e multipl e subunlts .  Thi s ne w 

approac h wil l  investigat e whethe r  th e earlie r 

result s tha t  showe d tha t  th e syllabl e i s th e mos t 

importan t  an d firs t  accesse d subunK ,  wa s no t 

partl y du e t o th e us e o f  uncomplicated ,  easil y 

syllabifie d word s a s stimuli .  I n thi s research , 

however .  Cutle r  e t  al. ,  ha s use d onl y auditor y 

stimulus .  Wil l  th e processe s underlyin g auditor y 

segmentatio n generaliz e t o segmentatio n o f 

writte n text ? 

Thes e tw o theoretica l  question s lea d u s 

t o tak e advantag e o f  th e th e paradig m propose d 

by Prinzmeta l  e t  al .  (1986) .  Ou r  stud y include d 

stimuli ,  bot h fro m tha t  pape r  an d fro m researc h 

don e b y Cutle r  e t  al .  (1986) .  Th e hypothesi s 

bein g teste d propose s tha t  th e processin g o f  tex t 

wil l  mimi c speech ,  an d th e subuni t  o f 

segmentatio n wil l  b e dependen t  o n th e wor d 

bein g processed .  I n othe r  words ,  a  syllabl e i s on e 

of  th e possibl e subunit s tha t  ma y b e used ,  bu t 

tha t  th e languag e syste m wil l  no t  solel y segmen t 

word s int o syllables . 

M e t h o d s 

Subjects 

The subjects were 30 English speaking 

undergraduate s a t  th e Universit y o f  California , 

Riverside .  Al l  reporte d havin g norma l  eyesigh t 

and al l  wer e righ t  handed .  Subject s participate d i n 

orde r  t o ear n researc h credi t  a s require d b y a n 

introductor y psycholog y course . 

Appara tu s a n d Material s 

The stimulus were presented on a IBM PC with 

colo r  monito r  usin g M E L software .  Th e compute r 

was house d i n a  blackene d room ,  an d al l  subject s 

participate d alone .  A  researcher ,  however ,  wa s 

presen t  i n th e roo m a t  al l  time s t o monito r  th e 

subjects '  concentratton . 

Stimul i  consiste d o f  a  whit e targe t  lette r 

presente d o n a  blac k scree n fo r  15 0 msec ,  an d a 

dual-cok>re d stimulu s wor d whic h wa s mad e u p o f 

tw o o f  fou r  possibl e cotors :  blue ,  green ,  pink ,  o r 

yelk>w .  Th e wor d wa s centrall y presente d fo r  22 5 

msec.  Word s range d fro m fiv e t o eigh t  letter s i n 

length .  Subject s wer e give n 250 0 mse c t o 

respon d t o eac h trial . 

The desig n o f  th e experimen t  wa s a  2X 4 

factoria l  design .  Wit h th e firs t  factor ,  colore d lette r 

position ,  havin g tw o levels ,  secon d lette r  an d 

fourt h lette r  i n th e word .  Th e positio n o f  th e 

colore d lette r  shoul d interac t  wit h th e syllabl e 

stnjctur e i n suc h a  wa y a s t o caus e mor e illusor y 

conjunction s wit h th e targe t  lette r  (mor e coto r 

namin g mistakes )  i f  th e colore d lette r  fall s  i n th e 

same syllabl e a s th e target .  Fo r  example ,  i f  th e 

stinmjiu s wor d i s fancy ,  havin g a  b e o f  a  differen t 

coto r  the n th e res t  o f  th e wor d shoul d caus e nx)r e 

error s the n i f  th e od d colore d lette r  i s  i n th e fourt h 

lette r  positon ,  suc h a s c  i n thi s example . 

The secon d independen t  variabl e 

corresponde d t o word s i n on e o f  fou r  possibl e 

categorie s (syllabl e types) :  tw o lette r  syllables , 

thre e lette r  syllable s (stimul i  fo r  thes e tw o 

conditwn s wer e take n fro m th e Prinzmeta l  e t  al . 

study .  1986) .  stron g firs t  syllable d word s an d wea k 

firs t  syllable d word s (thes e tw o wer e nrxxjele d afte r 

Cutle r  e t  al. ,  1986) .  Stron g firs t  syllabl e word s ha d 

C VC structur e fo r  it s  initia l  syllable ,  usuall y 

foltowe d b y anothe r  consonan t  i n th e fourt h lette r 

posrtion .  A  wea k firs t  syllabl e wor d containe d a n 

ambisyllabi c thir d lette r  (eg .  balcon y vs .  balance) . 

An exampl e o f  eac h typ e o f  tria l  i s a s folk>ws :  tw o 

lette r  syllabl e armor ,  thre e lette r  syllabl e laava , 

stron g syllable d napkin ,  wea k syllable d helium . 

Frequenc y o f  word s wa s no t  controlle d for . 

Of  th e tota l  numbe r  o f  trial s te n percen t 

wer e catc h trials .  Thes e catc h trial s wer e one s i n 

whic h th e targe t  lette r  wa s no t  presen t  i n th e dual -
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colore d word .  I f  th e targe t  lette r  wa s present ,  i t 
was th e thir d lette r  o f  th e word .  I f  K  wa s a  targe t 
absen t  trail ,  th e targe t  lette r  wa s a  consonan t 
chose n fro m a m o n g th e othe r  possibl e targe t 
letters .  Thi s insure d tha t  ever y targe t  lette r  use d 
was sometime s responde d t o a s presen t  an d 
sometime s a s absent . 

P r o c e d u r e 

Each subject signed up for one hour of 
experimenta l  credit .  A t  th e beginnin g o f  th e 
session ,  eac h subjec t  w a s give n a  shor t  intervie w 
t o determin e languag e experienc e an d 
handedness .  Subject s the n move d t o th e 
compute r  an d wer e presente d instruction s o n th e 
screen .  The y wer e aske d t o rea d thes e 
instmction s aloud . 

The instruction s tol d th e subjec t  to :  first , 
memoriz e a  targe t  letter ,  wai t  fo r  a  rectangula r  mas k 
of  asteris k t o pass ,  an d the n rea d a  wor d i n whic h 
on e lette r  woul d b e a  differen t  colo r  the n th e rest . 
They wer e the n tol d t o respon d b y pressin g on e 
of  fiv e button s o n th e keyboar d tha t 
corresponde d t o th e fou r  cok>r s o r  th e spac e bar ,  i f 
th e targe t  wa s no t  present . 

Afte r  th e instructions ,  subject s wer e give n 
approximatel y 20-2 5 practk; e trials .  I f  a  tria l  wa s 
responde d t o correctl y the n n o feedbac k w a s 
give n an d th e nex t  tria l  begins .  However ,  i f  th e 
practic e tria l  wa s responde d t o incorrectl y the n a 
ton e sounded ,  whic h indicate d a n incorrec t 
respons e an d the n th e tria l  wa s reru n wit h th e 
same targe t  an d wor d screens .  Thi s processe s o f 
reshowin g incorrec t  trial s functionall y gav e a 
subjec t  w h o w a s havin g troubl e understandin g 
some aspec t  o f  th e instmction s mor e practic e 
time .  Onc e al l  o f  th e practk: e trial s wer e complete d 
correctly ,  subject s wer e presente d tw o block s o f 
150 trial s each .  Th e subjec t  wa s abl e t o complet e 
al l  o f  thes e step s i n th e allotte d hour .  Afterwards , 
a debriefin g occun-ed . 

R e s u l t s 

Means for the subjects, across the 2x4 design 

(colo r  positio n x  syllabl e type )  ar e liste d i n Tabl e 1 . 
Ther e wa s a n overal l  mai n effec t  usin g reactio n 
tim e a s th e dependen t  variabl e (  F  (7,232 )  =  4.48 , 
p<.0001) .  However ,  ther e wa s n o significan t  mai n 
effec t  usin g th e dependen t  variable ,  accuracy . 

Tabl e 1 .  Dat a fo r  al l  subjects :  Colo r  Positio n X 
Syllabl e Typ e (msec ) 

Syllable Type ^Dd-Lenei  mimsL 

2 letter syllables 1175 1166 

3 letter syllables 1174 1155 

Strong syllables 1158 1170 

Weaksyllables 1180 1218 

Fig .  1 Dat a tor  al (  aubjact o 

•  2n d Latla r 
A 4i h Latla r 

2 La t  3  La t  Stron g WaaK 
Syllabl a Typ a 

T h e r e w a s a  m a i n effec t  fo r  t h e variable ,  syllabl e 

type ,  F  (3,232)=6.48 ,  p<.00 1 an d fo r  th e 
interactio n term ,  syllabl e typ e b y colore d lette r 
position ,  ( F (3.232) = 3.73 ,  p<.05) .  A  Tuke y tes t  o f 
thes e result s indicate s tha t  th e mai n effec t  fo r 
syllabl e typ e i s du e t o wea k syllable s bein g 
significantl y slowe r  tha n eac h o f  th e othe r  thre e 
syllabl e type s (2-lettere d syllables ,  3-lettere d 
syllable s an d wea k syllables) .  Post-ho c paire d 
comparison s o f  individua l  cel l  mean s indk;at e tha t 
th e significan t  interactio n i s due ,  primarily ,  t o th e 
slownes s o f  subject s whe n respondin g t o wea k 
syllable d word s wit h th e fourt h lette r  bein g o f  a 
differen t  coto r  ( F (1,58) = 7.55 ,  p<.01 )  (Se e Figur e 

1. ) 
Durin g analysis ,  i t  wa s note d tha t  a  man y trial s 

wer e give n a  m a x i m u m valu e o f  250 0 m s e c 
becaus e th e subjec t  ha d m n ou t  o f  tim e w h e n 
responding .  A  media n spli t  o f  th e dat a w a s 
performe d i n orde r  t o avoi d an y bia s thi s cappin g 
effec t  migh t  hav e ha d o n th e data ,  particulari y fo r 
th e w e a k syllabl e condition ,  fo r  th e slowe r 
subjects .  Furthermore ,  ther e i s n o theoretica l 
reaso n wh y th e faste r  subject s woul d b e an y 
differen t  the n th e stowe r  subjects . 

For  th e faste r  subjects ,  th e wea k syllabl e 
conditio n w a s slowe r  the n th e othe r  three , 
F(3,120 )  =  4.61 ,  p<.0 1 (se e Tabl e 2) . 
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Tabl e 2 :  Da t a fo r  faste r  subject s 

Syllable Type  2nd  Letter  mism 

2 letter syilerisles 1089 1084 

3 letter sylldDles 1096 1082 

Strong syllables 1071 1089 

We£^syllcA3ies 1105 1132 

Fig .  2 Dat a tor  fasM r  hal f  o f  subiact a 

1130 
1120 

•g lo w 

I 
/ / • 

2nd Latta r 
4t h Lana r 

2 La L 3  Ca t  '  Stron g WaaK ' 
Syllabl a Typ a 

H o w e v e r  fo r  th e faste r  subject s th e w a s 
n o significan t  interactio n F(3,120 )  »  1.47 ,  p = N S 
(se e Figur e 2 ) . 

D i s c u s s i o n 

The hypothesis that segmentation 

strateg y i s affecte d b y th e complexit y o f  th e 

Englis h language ,  an d tha t  i t  i s  no t  jus t  a  simpl e 

syllabl e drive n process ,  i s supporte d b y thes e 

results .  Thi s i s particularl y tm e give n tha t  w e 

obtaine d a  patte m o f  dat a tha t  strongl y resembl e 

th e result s  o f  th e Cutle r  e t  al .  (1986 )  paper .  Thes e 

result s ar e equall y interestin g becaus e o f  th e 

tren d i n th e dat a fo r  th e stimul i  use d i n Prinzmeta l 

et  al.' s  (1986 )  eariie r  study .  Thi s tren d ha s a  tw o 

fol d importanc e t o th e study ;  first ,  becaus e i t 

support s th e assumptio n tha t  thi s methodologica l 

approac h i s valid ,  i n tha t  ther e i s a n effec t  o f 

syllabl e structur e o n wher e illusor y conjunction s 

occur .  Theoretically ,  however ,  becaus e th e tren d 

i s no t  significan t  i t  show s tha t  b y addin g mor e 

complicate d stimul i  t o th e wor d lis t  th e syllabl e 

effec t  foun d b y Prinzmeta l  e t  al .  i s dissipated .  Th e 

combinatio n o f  thes e tw o effect s indicat e tha t  a 

multipl e subuni t  processin g syste m i s probabl y 

use d t o segmen t  a  complicate d languag e lik e 

English .  S o whe n th e syllabl e structur e i s 

pronounce d an d easil y use d a  reade r  o r  listene r 

wil l  tak e advantag e o f  th e syllabl e t o segmen t  th e 

word .  However ,  whe n th e wor d i s ambisyllabic , 

suc h a s balance ,  the n th e processin g syste m 

must  shif t  t o a  secon d subuni t  suc h a s th e 

phoneme.  Thi s shif t  fro m on e uni t  t o another ,  w e 

believe ,  explain s th e significan t  differenc e i n tim e 

it  take s t o proces s ambisllylabi c versu s stron g 

syllable d words .  However ,  ther e i s n o differenc e 

i n accurac y o r  n o wor e illusor y conjunction s acros s 

th e fou r  conditions .  Thi s woul d argu e tha t  th e 

languag e processo r  I s equall y comfortabl e wit h 

bot h subunlts .  I n othe r  words ,  th e syste m firs t 

attempt s t o us e th e mor e frequen t  subunit ,  th e 

syllable ,  bu t  then ,  whe n thi s lead s t o ambiguit y th e 

syste m quickl y switche s t o anothe r  subunit .  On e 

possibl e alternativ e subuni t  woul d b e th e 

phoneme,  a s argue d b y Cutler ,  e t  a l  (1986) .  On e 

way t o possibl y ge t  a t  th e natur e o f  thi s alternativ e 

subuni t  wouk j  b e t o us e ey e trackin g technotog y 

t o determin e i f  i n th e wea k syllabl e word s a  smalle r 

uni t  i s attende d to . 

Acknowledgment: We want to thank Curt Burgess 

fo r  hi s hel p an d critk:ism . 
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