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Departmen t  o f  Psycholog y 

Birkbec k College ,  Universit y  o f  Londo n 
Male t  Street ,  Londo n WCI E 7H X 

X.zhou@psychology.bbk.ac.u k 

Abstrac t 
Sprea d o f  activatio n an d interactio n betwee n dififeren t  type s o f 
knowledg e representation s i n th e menta l  lexico n wer e 
investigate d i n thre e semanticall y mediate d phonologica l 
primin g experiments ,  conducte d o n bot h Englis h an d Chinese . 
Facilitator y effect s wer e foun d i n namin g no t  onl y fo r  word s 
(e.g. ,  boy )  tha t  wer e semanticall y relate d t o thei r  prime s (e.g. , 
girl) ,  bu t  als o fo r  word s tha t  wer e homophoni c t o th e semanti c 
target s (e.g. ,  buoy) .  Th e amoun t  o f  primin g varie d accordin g 
t o whethe r  homophon e target s wer e als o orthographicall y 
simila r  t o semanti c targets .  A n inhibitor y primin g effec t  wa s 
als o foun d fo r  word s tha t  wer e orthographicall y simila r  t o bu t 
phonologicall y differen t  from  semanti c targets .  I t  i s conclude d 
tha t  sprea d o f  activatio n betwee n word s sharin g semanti c 
propertie s i s no t  enc^sulate d i n th e semanti c system .  Th e 
phonologica l  an d orthographi c representation s o f  word s 
receivin g sprea d o f  semanti c activatio n ar e als o automaticall y 
and immediatel y activated ,  eve n thoug h the y ar e no t  supporte d 
directl y b y sensor y input . 

Introduction 

T wo fundamenta l  assumption s o f  interactive-activatio n 
base d theorie s o f  languag e processin g ar e th e sprea d o f 
activatio n an d th e interactio n betwee n differen t  level s o r 
dififeren t  type s o f  knowledg e representation s (e.g. ,  Dell , 
1986 ;  Plaut ,  1995 ;  Plant ,  McClelland ,  Seidenberg ,  & 
Patterson ,  1996) .  I n wor d recognition ,  th e activatio n o f  on e 
typ e o f  knowledg e representatio n i n th e menta l  lexico n i s 
assume d t o sprea d automaticall y an d continuousl y t o othe r 
connecte d representations ,  changin g thei r  activatio n states . 
Thi s sprea d o f  activatio n i s no t  onl y betwee n representation s 
withi n th e sam e level ,  e.g. ,  betwee n semanti c representation s 
oigir l  an d boy ,  bu t  als o betwee n representation s o f  differen t 
level s o r  differen t  types .  T h e activatio n o f  th e orthographi c 
representatio n o f  gir l  b y a  visua l  input ,  fo r  example ,  i s 
assume d t o sprea d automaticall y t o th e word' s phonologica l 
and semanti c representations .  T h e modulatio n o f  th e flo w o f 
activatio n betwee n tw o type s o f  knowledg e representation s 
by thei r  origina l  activatio n state s an d b y othe r  type s o f 
knowledg e representatio n constitute s par t  o f  th e interactiv e 
processe s tha t  constrai n th e natur e an d th e tim e cours e o f 
wor d recognition . 

Ther e i s evidenc e t o suppor t  th e notio n o f  th e modulatio n 
of  th e sprea d o f  activatio n betwee n tw o type s o f 
representation s b y a  thir d typ e o f  representation .  Fo r 

instance ,  th e sprea d o f  activatio n o r  computatio n from 
orthograph y t o phonolog y ha s bee n show n t o b e influence d 
by th e semanti c propertie s o f  lo w frequency,  irregula r  word s 
(Strain ,  Patterson ,  &  Seidenberg ,  1995 )  an d b y th e semanti c 
propertie s o f  th e origina l  word s o n wiiic h 
pseudohomophone s ar e base d (se e Zhou ,  Marslen-Wilson , 
Bi ,  Shi ,  &  Shu ,  199 6 fo r  discussion) .  M o r e evidenc e ha s 
bee n collecte d fo r  th e automati c sprea d o f  activatio n 
betwee n differen t  type s o f  knowledg e representation s i n 
lexica l  processing .  Orthographi c propertie s hav e bee n foun d 
t o influenc e rhymin g judgmen t  fo r  word s tha t  ar e auditoril y 
presente d (e.g. ,  Seidenber g &  Tanenhaus ,  1979) .  Word s tha t 
ar e semanticall y relate d hav e bee n foim d t o prim e eac h othe r 
i n a  namin g task ,  w W c h presumabl y tap s int o phonologica l 
activatio n (se e Neely ,  199 1 fo r  a  review) .  Orthographicall y 
simila r  word s hav e bee n foun d t o inhibi t  eac h othe r  i n 
visual-visua l  (e.g. ,  Co lombo ,  1986 )  o r  maske d (e.g. ,  Segu i 
& Grainger ,  1990 )  primin g lexica l  decisio n tasks ,  i f  th e 
task s ar e assume d t o ta p mainl y int o semanti c activation . 

Thes e finding s demonstrat e tha t  activatio n o f  on e typ e o f 
knowledg e representatio n ca n sprea d automaticall y int o 
othe r  type s o f  connecte d knowledg e representations .  Thes e 
findings  d o not ,  however ,  allo w u s t o trac k th e tim e cours e 
of  th e sprea d o f  activatio n o r  th e loc i  o f  primin g effects . 
Tak e th e widel y documente d semanti c primin g effec t  i n 
namin g fo r  a n example .  Th e pronunciatio n o f  a  wor d (e.g. , 
boy )  i s facilitate d i f  i t  i s  precede d b y a  semanticall y relate d 
wor d (e.g. ,  girl) .  Sinc e pronunciatio n i s assume d t o b e base d 
on th e activatio n o f  boy^ s phonologica l  representation ,  a 
c o m m on interactive-activatio n accoun t  o f  thi s effec t  i s t o 
assume tha t  th e activatio n o f  th e semanti c representatio n o f 
th e prim e gir l  spread s t o th e semanti c representatio n o f  th e 
targe t  wor d boy ,  wiios e semanti c activatio n spread s 
immediatel y an d automaticall y t o it s  phonologica l 
representation .  W h e n th e targe t  i s  actuall y presented ,  it s 
phonologica l  representatio n i s activate d furthe r  b y th e visua l 
input ,  resultin g i n th e facilitator y effec t  i n naming .  However , 
an alternativ e modula r  accoun t  assume s tha t  th e pre -
activatio n o f  th e semanti c representatio n o f  bo y i s 
encapsulate d i n th e semanti c syste m an d doe s no t  sprea d 
immediatel y t o it s phonologica l  representation .  Onl y whe n 
th e targe t  wor d i s physicall y presented ,  doe s it s semanti c 
activatio n increas e fiirther ,  eithe r  throug h phonologica l 
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mediatio n (Lukatel a &  Turvey ,  1994 ;  va n Orden , 
Pennington ,  &  Stone ,  1990 )  o r  thoug h direc t  mappin g from 
orthograph y t o semantic s (fo r  Chinese ;  Zhou ,  i n press ;  Zho u 
& Marslen-Wilson ,  1996 ;  Zhou ,  Marslen-Wilson ,  Shu ,  Bi , 
& Tang ,  1996) .  Thi s semanti c activatio n o f  th e targe t  word , 
afte r  reachin g a  threshold ,  spread s bac k t o it s phonologica l 
representation ,  w*ic h m a y als o hav e bee n activate d b y th e 
direc t  visua l  mappin g from  orthograph y t o phonology , 
jointl y resultin g i n th e facilitator y effec t  i n naming . 

Thes e tw o account s o f  semanti c primin g i n namin g diffe r 
i n wiiethe r  the y allo w semanti c activatio n t o sprea d t o th e 
correspondin g phonologica l  representation s vAie n thes e 
semanti c an d phonologica l  representation s hav e no t  bee n 
activate d directl y b y thei r  correspondin g orthographi c 
forms .  Interactive-activatio n base d theorie s o f  lexica l 
processin g allo w th e free  flo w o f  activatio n betwee n 
differen t  domain s vAul e modula r  theorie s (e.g. ,  Forster , 
1979 )  ma y no t  permi t  suc h sprea d o f  activatio n withou t 
activatio n from  orthography .  Simila r  contrastin g account s 
about  th e tim e cours e o f  sprea d o f  activatio n ca n als o b e 
constructe d fo r  othe r  type s o f  primin g effect s involvin g tw o 
or  mor e type s o f  knowledg e representations . 

The issue s raise d her e ar e paralle l  t o th e debat e betwee n 
theorie s o f  languag e productio n i n term s o f  v^ethe r  acces s 
from  semantic s t o l emm a (th e abstrac t  lexica l  node )  an d t o 
phonologica l  representatio n i s modula r  o r  interactiv e (e.g. , 
Dell ,  1986 ;  Del l  &  O'Seaghdha ,  1991 ;  Levelt ,  Schriefers , 
Vorberg ,  Meyer ,  Pechmann ,  &  Havinga ,  1991) .  Level t  e t  al . 
(1991) ,  fo r  example ,  advocat e a  discrete ,  non-overlappin g 
lexica l  acces s wher e phonologica l  activatio n follow s 
selectio n o f  a  lexica l  ite m an d i s restricte d t o thi s item .  Thu s 
i n producin g girl ,  althoug h it s semanti c activatio n spread s t o 
it s ow n phonologica l  representatio n vi a th e selecte d lexica l 
node an d ma y sprea d t o th e semanti c representatio n o f  othe r 
relate d word s lik e boy ,  th e activatio n o f  bo y i s restricte d t o 
th e semanti c syste m an d doe s no t  sprea d t o it s phonologica l 
representatio n becaus e th e lexica l  nod e o f  bo y i s no t 
selecte d a t  th e lemm a level .  Del l  &  O'Seaghdh a (1991) ,  o n 
th e othe r  hand ,  argu e fo r  interaction s betwee n adjacen t 
level s o f  representations .  Becaus e activatio n spread s 
continuousl y bot h forwar d an d backwar d betwee n al l 
connecte d nodes ,  th e activatio n o f  gir l  i n bot h semanti c an d 
lemma level s spread s t o th e semantic  representatio n o f  boy , 
mediatin g th e phonologica l  activatio n o f  boy . 

I n thi s paper ,  w e examin e th e tim e cours e o f  th e sprea d o f 
activatio n from  semantic s t o phonolog y an d orthograph y an d 
th e interactivit y betwee n thes e differen t  type s o f 
representation s i n visua l  wor d recognition .  Specifically ,  w e 
ask whethe r  th e sprea d o f  activatio n betwee n word s sharin g 
semanti c feature s (e.g. ,  gir l  an d boy )  i n th e semanti c syste m 
i s encapsulate d i n th e syste m o r  wliethe r  i t  ha s a n immediat e 
effec t  o n th e activatio n o f  phonologica l  an d orthographi c 
representation s wlie n th e semanti c activatio n i s  itsel f 
mediate d b y th e activatio n o f  othe r  relate d word s an d i s no t 
supporte d directl y b y sensor y input .  Moreover ,  i f  semanti c 

activatio n i s foun d t o sprea d t o orthographi c representations , 
we as k whethe r  th e phonologica l  activatio n i s modulate d b y 
thi s orthographi c activation . 

T o addres s thes e questions ,  w e us e a  semanticall y 
mediate d phonologica l  primin g technique ,  wit h stimul i  from 
tw o differen t  writin g systems :  alphabeti c Englis h an d 
logographi c Chinese .  Thre e experiments ,  on e o n Englis h 
and tw o o n Chinese ,  us e essentiall y  th e sam e design ,  wlier e 
a semanti c prim e (e.g. ,  girl )  i s  presente d t o pre-activat e th e 
semanti c representatio n o f  a  targe t  wor d (e.g. ,  boy) .  Whethe r 
semanti c activatio n o f  bo y automaticall y spread s t o it s 
phonologica l  representatio n whe n bo y i s no t  physicall y 
presente d i s  examine d b y th e presenc e o f  a  prob e wor d 
homophoni c t o bo y (i.e. ,  buoy) .  I f  semanti c pre-activatio n o f 
boy spread s automaticall y an d continuousl y t o it s 
phonologica l  representation ,  w e shoul d obtai n a  facilitator y 
primin g effec t  i n namin g buo y sinc e i t  share s phonologica l 
propertie s wit h boy .  O n th e othe r  hand ,  i f  semanti c 
activatio n i s  encapsulate d an d i t  facilitate s phonologica l 
activatio n onl y vA\e n th e wor d i s  visuall y presented ,  w e 
shoul d fin d a  facilitator y effec t  i n namin g boy ,  bu t  no t  buoy , 
followin g th e prim e girl ,  sinc e onl y th e semanti c 
representatio n o f  bo y i s pre-activated .  Th e issu e o f  whethe r 
orthographi c representation s o f  semantic  target s ar e als o 
automaticall y an d immediatel y activate d i s  examine d b y 
comparin g primin g effect s fo r  homophon e target s whic h ar e 
or  ar e no t  orthographicall y simila r  t o th e semanti c targets . 

Experiment 1 
Th e first  experimen t  wa s conducte d o n English ,  wher e a 

targe t  wor d (e.g. ,  boy )  an d it s  homophon e (buoy )  wer e 
precede d eithe r  b y a  wor d (girl )  semanticall y relate d t o th e 
semanti c targe t  o r  b y a n unrelate d wor d (view )  matche d i n 
frequency,  lengt h (bot h i n term s o f  numbe r  o f  letter s an d 
number  o f  syllables) .  Th e relativ e frequency  o f  semanti c an d 
homophon e target s wa s als o manipulate d a s a  between-ite m 
factor .  Ther e wer e 3 2 pair s o f  semanti c an d homophon e 
target s w W c h wer e o f  equa l  frequency,  2 8 pair s wit h lo w 
frequency  semanti c target s an d hig h frequency  homophon e 
targets ,  an d 3 6 pair s wit h hig h frequency semantic  target s 
and lo w frequency  homophon e target s (Tabl e 1) . 

Frequenc y 

Equa l 
Low-H ig h 
H igh -Lo w 

SemP 

her o 
hai r 
gir l 

ConP 

dis h 
siz e 
vie w 

SemT 

ido l 
mane 
boy 

H o mT 

idl e 
mai n 
buoy 

Tabl e 1  Experimen t  1 :  Desig n an d sampl e stimul i 
SemP=semanti c prime ,  ConP=contro l  prim e 
SemT=semanti c target ,  H o m T = h o m o p h o n e targe t 

The SOA (stimulus onset asynchrony) between primes 
and target s wa s se t  a t  10 0 msec .  Ther e wer e als o 10 0 pair s 
of  unrelate d filler  words .  Th e m e a n namin g latencie s ar e 
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527 
505 
511 
515 

543 
517 
516 
525 

529 
510 
530 
524 

539 
516 
542 
533 

reporte d i n Tabl e 2 .  Namin g error s ar e no t  reporte d sinc e 
the y wer e to o fe w t o warran t  analysis . 

Frequency Semantic Homophone 
Tes t  Contro l  Tes t  Contro l 

Equa l 
Low-H ig h 
H igh-Lo w 
Averag e 

Tabl e 2  Experimen t  1 :  M e a n namin g latencie s fo r 
semanti c an d homophon e target s 

Statistical analyses revealed a highly significant main 
effec t  o f  prim e typ e (Fl(l ,  47)=38.68 ,  p<.001 ;  F2(l , 
93)=25.91 ,  p<.001) ,  n o interaction s betwee n prim e typ e an d 
targe t  typ e an d relativ e frequency  o f  semanti c an d 
homophon e targets ,  an d n o three-wa y interactio n (p>.l) . 
Thus ,  acros s th e thre e frequency  conditions ,  bot h semanti c 
and homophon e target s wer e facilitate d b y semanti c prime s 
eve n thoug h ther e wa s n o direc t  relationshi p betwee n 
semanti c prime s an d homophon e targets .  Thi s finding  i s 
consisten t  wit h th e vie w tha t  th e sprea d o f  semanti c 
activatio n from  prime s t o semanti c target s i s  no t 
encapsulate d i n th e semanti c system .  Th e semanti c 
activatio n o f  targe t  word s automaticall y spread s fiirther  t o 
thei r  phonologica l  representation s eve n whe n semanti c an d 
phonologica l  activatio n i s no t  supporte d b y visua l  input . 

Th e finding  o f  equa l  primin g effect s fo r  semanti c an d 
homophon e target s suggest s tha t  orthographi c a s wel l  a s 
phonologica l  representation s o f  targe t  word s als o receive d 
sprea d o f  activatio n \\iie n semanti c prime s wer e presented . 
Accordin g t o interactive-activatio n base d theorie s o f  lexica l 
processing ,  i f  th e orthographi c representatio n o f  bo y i s 
activate d afte r  th e presentatio n o f  it s  semanti c prim e girl ,  th e 
sprea d o f  activatio n from  th e orthographi c representatio n o f 
bo y t o it s phonologica l  representatio n i s  als o facilitated . 
However ,  i n orde r  t o accoun t  fo r  th e equall y stron g primin g 
efifec t  fo r  bo y an d fo r  buoy ,  on e m a y hav e t o assum e tha t  th e 
orthographi c representatio n o f  buo y i s als o activate d afte r 
th e presentatio n o f  th e prim e girl .  Thi s i s possibl e give n tha t 
buo y an d bo y shar e m a n y orthographi c properties .  I f 
semanti c an d homophon e target s hav e littl e orthographi c 
overlap ,  w e shoul d expec t  t o fm d les s facilitator y effec t  fo r 
homophon e targets .  Unfortunately ,  thi s predictio n carmo t  b e 
teste d i n Englis h sinc e homophoni c word s i n thi s languag e 
ar e intrinsicall y orthographicall y similar .  Thi s difficult y 
lead s u s t o logographi c Chinese ,  whic h i s famou s fo r  it s 
extensiv e homophon y amon g word s an d morphemes ,  bot h 
orthographicall y simila r  an d different . 

Experiment 2 
Th e mai n purpos e o f  Experimen t  2  wa s t o investigat e 

wdiethe r  semanti c activatio n spread s automaticall y t o th e 
orthographi c domai n wlie n orthographi c activatio n i s no t 

supporte d b y visua l  input ,  an d wiiethe r  th e orthographi c 
similarit y o f  homophoni c target s t o semanti c target s 
influence s th e siz e o f  a  semanticall y mediate d phonologica l 
primin g effect .  T o achiev e thi s purpose ,  w e use d a  simila r 
desig n t o Experimen t  1  i n Chinese ,  wit h homophoni c target s 
orthographicall y differen t  from  semanti c targets .  Th e 
potentiall y  differen t  pattern s o f  primin g effect s betwee n 
Experiment s 1  an d 2  woul d enabl e u s t o examin e mor e 
closel y sprea d o f  activatio n an d interactivit y betwee n 
differen t  type s o f  knowledg e representations . 

Th e experiment  ha d low-hig h an d high-lo w condition s i n 
whic h th e relativ e frequencies  o f  semanti c target s an d 
homophon e target s wer e manipulate d (Tabl e 3)' .  Ther e wer e 
32 pair s o f  target s fo r  eac h frequency  condition .  Anothe r 
100 pair s o f  unrelate d character s wer e als o use d a s fillers. 
The S O A betwee n prime s an d target s wa s se t  a t  5 7 msec . 
Th e purpos e o f  usin g a  slightl y shorte r  S O A o n Chines e tha n 
on Englis h wa s t o verif y earlie r  evidenc e tha t  semanti c 
activatio n i s a  ver y earl y proces s i n lexica l  processin g o f 
Chines e (Zho u &  Marslen-Wilson ,  i n press ;  Zho u e t  al. , 
1996) . 

Frequency SemP ConP SemT HomT 

Low-H ig h M If S ^  ^ 
he(2 )  pao(3 )  quan(2 )  quan(2 ) 
rive r  ru n sprin g whol e 

High-Lo w n  ^  ^  ^ 
wu(3 )  hou(4 )  ge(l )  ge(l ) 
danc e thic k son g pigeo n 

Tabl e 3  Experimen t  2 :  Desig n an d sampl e stimul i 
SemP=semanti c prime ,  ConP=confro l  prim e 
SemT=semanti c target ,  H o m T = h o m o p h o n e targe t 

Mean naming latencies are reported in Table 4. There was 
a highl y significan t  mai n effec t  o f  prim e typ e (Fl(l , 
39)=34.10 ,  p<.001 ;  F2(l ,  69)=30.17 ,  p<.001) .  However , 
unlik e i n Experimen t  1 ,  thi s primin g effec t  interacte d wit h 
th e relativ e frequency  conditio n (Fl(l ,  39)=5.65 ,  p<.05 ; 
F2(l ,  69)=3.04 ,  p<.l) ,  an d wit h th e targe t  typ e (Fl(l , 
39)=5.46 ,  p<.05 ;  F2(l ,  59)=2.87 ,  p<.l) .  Thes e interaction s 
indicat e tha t  th e primin g effec t  i n th e Low-Hig h conditio n i s 
significantl y large r  tha n th e effec t  i n th e High-Lo w 
condition ,  an d mor e importantly ,  th e primin g effec t  fo r 
semanti c target s i s significantl y large r  tha n th e effec t  fo r 
homophon e targets .  However ,  ther e wa s n o three-wa y 
interactio n betwee n frequency,  targe t  typ e an d primin g 
(F<1) ,  indicatin g tha t  th e primin g effect s fo r  semanti c 
targets ,  an d fo r  homophon e targets ,  wer e essentiall y th e 
same acros s frequency  conditions .  Thi s wa s confirme d i n 
separat e analyse s o f  primin g effect s fo r  semanti c target s an d 

'Throughou t  th e paper ,  th e pronunciation s o f  Chines e word s ar e 
give n i n Hany u Pinyi n -  th e Chines e alphabeti c system .  Number s 
i n bracket s represen t  th e tone s o f  syllables . 
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589 
537 
563 

620 
557 
588 

549 
612 
580 

568 
617 
592 

homophone targets .  Neithe r  th e primin g effect s fo r  semanti c 
target s no r  th e effect s fo r  homophon e target s interacte d 
significantl y wit h th e frequency  conditio n (p>. l  fo r  semanti c 
targets ,  an d Fl(l ,  39)=4.15 ,  p<.05 ;  F2(l ,  62)=1.50 ,  p>.2 , 
fo r  homophon e targets) . 

Frequency Semantic Homophone 
Tes t  Contro l  Tes t  Contro l 

Low-Hig h 
High-Lo w 
Averag e 

Tabl e 4  Experimen t  2 :  M e a n namin g latencie s fo r 
semanti c an d homophon e target s 

This confirms that the semantically mediated phonological 
primin g effec t  ca n b e foun d no t  onl y i n Englis h bu t  als o i n 
Chinese ,  tw o language s tha t  diffe r  drasticall y i n th e wa y tha t 
th e orthograph y represent s soun d an d i n term s o f 
homophony amon g word s an d morphemes .  Thi s finding ,  tha t 
a semanti c prim e facilitate s th e pronunciatio n o f  a  wor d 
homophoni c t o th e wor d relate d t o th e prime ,  indicate s tha t 
th e sprea d o f  activatio n from  semanti c prime s t o semanti c 
target s ca n sprea d furthe r  int o th e phonologica l  level ,  eve n 
when phonologica l  activatio n o f  target s i s no t  supporte d b y 
visua l  input .  Becaus e th e homophon e target s her e ha d n o 
orthographi c similarit y wit h th e semanti c targets ,  th e 
primin g effec t  caimo t  b e du e t o th e sprea d o f  semanti c 
activatio n int o orthographi c representation . 

On th e othe r  hand ,  th e significantl y smalle r  effec t  fo r 
homophone target s tha n fo r  semanti c targets ,  contrastin g 
wit h th e equa l  facilitator y effect s i n English ,  suggest s tha t 
bot h phonologica l  an d orthographi c representation s o f 
word s receivin g sprea d o f  semanti c activatio n ar e 
automaticall y activated .  I n Experimen t  1 ,  th e partiall y 
activate d semanti c representatio n o f  a  semanti c targe t  (e.g. , 
boy) ,  du e t o th e presentatio n o f  a  semanti c prim e (e.g. ,  girl) , 
spread s no t  onl y t o th e phonologica l  representatio n o f  th e 
target ,  bu t  als o t o it s orthographi c representation ,  whic h i s 
share d t o a  grea t  exten t  b y th e homophon e targe t  (i.e. ,  buoy) . 
The homophon e targe t  buo y probe s int o th e pre-activatio n 
of  bot h phonologica l  an d orthographi c representation s o f  th e 
semanti c targe t  boy ,  leadin g t o a  facilitator y primin g effec t 
equal  t o th e effec t  fo r  th e semanti c target .  I n Experimen t  2 , 
however ,  a  homophon e targe t  (e.g. ,  p |  ge(l) ,  pigeon )  doe s 
not  prob e int o th e orthographi c activatio n o f  th e semanti c 
targe t  (i.e. ,  3 ^  ge(l) ,  song )  becaus e ther e i s n o orthographi c 
similarit y betwee n them ,  eve n thoug h th e homophon e targe t 
does prob e int o th e phonologica l  representatio n o f  th e 
semanti c target ,  pre-activate d afte r  th e presentatio n o f  a 
semanti c prim e (e.g. ,  H  wu(3) ,  dance) .  Consequently ,  th e 
primin g effec t  fo r  th e homophon e targe t  i s smalle r  tha n fo r 
th e semanti c targe t  whe n th e latte r  i s actuall y presented . 

The abov e argumen t  assume s tha t  th e orthographi c 
overla p betwee n targe t  word s an d mediatin g word s 

facilitate s th e phonologica l  processin g o f  thes e targets . 
However ,  thi s assumptio n m a y appl y onl y whe n 
orthographicall y simila r  word s m a p ont o th e sam e 
phonologica l  representations .  Ou r  previou s researc h foun d 
tha t  wlie n orthographicall y simila r  word s (e.g. ,  B B tian(2) , 
field;  ̂  shen(l) ,  apply )  m a p ont o differen t  phonologica l 
representations ,  th e phonologica l  processin g o f  targe t  word s 
was delaye d b y th e presenc e o f  orthographi c primes .  A n 
inhibitor y effec t  shoul d als o b e observe d fo r  word s tha t  ar e 
orthographicall y simila r  t o bu t  phonologicall y differen t  from 
th e mediatin g word s tha t  ar e activate d no t  b y direc t  sensor y 
inpu t  bu t  b y sprea d o f  semanti c activation . 

Experiment 3 
Ther e wer e tw o aim s o f  Experimen t  3 :  t o as k whethe r 

equa l  facilitator y effect s o f  semanticall y mediate d 
phonologica l  primin g ca n b e foun d i n Chines e wiie n 
semanti c an d homophon e target s ar e orthographicall y 
similar ;  an d t o investigat e whethe r  a n inhibitor y effec t  ca n 
be foun d fo r  target s tha t  ar e orthographicall y simila r  t o bu t 
phonologicall y differen t  from  semanti c targets . 

Th e desig n an d sampl e stimul i  ar e presente d m Tabl e 5 . 
Thre e type s o f  target s -  semantic ,  homophone ,  an d 
orthographi c -  wer e al l  comple x character s an d wer e 
compose d o f  a  semanti c radica l  o n th e lef t  an d a  componen t 
on th e right  (se e Zho u &  Marslen-Wilson ,  thi s volume) .  A 
triple t  o f  target s (e.g. ,  ̂  qiao(2) ,  bridge ;  ̂  qiao(2) ,  liv e 
abroad ;  W jiao(l) ,  tender )  ha d th e sam e right  par t 
components ,  w W c h wer e mostl y (3 7 ou t  o f  4 2 triplets ) 
pronounceabl e phoneti c radical s an d ha d thei r  o w n 
meanings ,  independen t  from  th e meaning s o f  th e wiiol e 
comple x character .  Th e semanti c an d homophon e target s ( ^ 
and #F )  als o ha d th e sam e pronunciatio n (i.e. ,  qiao(2) ) 
wdiil e th e orthographi c targe t  wa s pronounce d i n a  differen t 
way.  Th e frequencies  o f  thre e set s o f  target s wer e roughl y 
matched .  Th e S O A betwee n prime s an d target s wa s set ,  a s i n 
Experimen t  2 ,  a t  5 7 msec .  Ther e wer e als o 9 0 pair s o f 
unrelate d character s tha t  wer e use d a s fillers . 

SemP ConP SemT HomT OrtT 

' M m m ^  m 
he(2 )  pao(3 )  qiao(2 )  qiao(2 )  jiao(l ) 
rive r  ru n bridg e liv e abroa d tende r 

Tabl e 5  Experimen t  3 :  Desig n an d sampl e stimul i 
SeniP=semanti c prime ,  ConP=contro l  prim e 
SemT=semanti c target ,  H o m T = h o m o p h o n e targe t 
OrtT=orthographi c targe t 

Two triplets of targets had to be removed from the 
analyse s becaus e o f  excessiv e (ove r  5 0 % )  namin g error s 
made fo r  on e o f  th e targets .  M e a n namin g latencie s an d 
erro r  percentage s base d o n th e remainin g 4 0 triplet s o f 
target s ar e reporte d i n Tabl e 6 .  I n th e analyse s o f  reactio n 
times ,  ther e wa s n o significan t  mai n effec t  o f  prim e typ e 
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(Fl(l ,  59)=3.10 ,  .05<p<.l ;  F2(l ,  117)=1.92 ,  p>.l) . 
However ,  th e interactio n betwee n prim e typ e an d targe t  typ e 
was highl y significant :  Fl(2 ,  118)=9.77 ,  p<.001 ;  F2(2 , 
117)=6.45 ,  p<.005 .  Separat e analyse s o f  primin g effect s fo r 
semantic ,  homophonic ,  an d orthographi c target s reveale d 
tha t  ther e wer e significan t  facilitator y effect s fo r  semanti c 
target s (1 9 msec ;  Fl(l .  59)=11.64 ,  p<.005 ;  F2(l ,  39)=3.71 , 
p=.06 )  an d fo r  homophon e target s (2 2 msec ;  Fl(l , 
59)=9.13 ,  p<.005 ;  F2(l ,  39)=6.11 ,  p<.05) ,  an d a  significan t 
inhibitor y effec t  fo r  orthographi c target s (1 9 msec ;  Fl(l , 
59)=5.23 ,  p<.05 ;  F2(l ,  39)=4.94 ,  p<.05) . 

Semantic Homophone Orthographic 
Tes t  Contro l  Tes t  Contro l  Tes t  Contro l 

59 8 61 7 62 5 64 7 62 6 60 7 
(1.7 )  (3.0 )  (3.0 )  (5.2 )  (5.7 )  (2.7 ) 

Tabl e 6  Experimen t  3 :  M e a n namin g latencie s an d erro r 
percentage s fo r  th e thre e type s o f  target s 

Clearly, the equal facilitatory priming effects for semantic 
and homophon e targets ,  w W c h wer e orthographicall y 
similar ,  replicate d th e finding  fo r  Englis h i n Experimen t  1 , 
but  differe d fro m th e finding  i n Experimen t  2 .  Thes e effect s 
rul e ou t  th e possibilit y  tha t  th e discrepanc y betwee n th e 
facilitator y effect s fo r  homophon e target s i n Experiment s 1 
and 2  wa s du e t o th e languag e o f  stimul i  o r  experimenta l 
procedure .  Rather ,  thi s pai r  o f  result s lea d u s t o th e 
conclusio n tha t  orthographi c representation s a s wel l  a s 
phonologica l  representation s o f  word s wiiic h ar e bein g 
semanticall y activate d ar e automaticall y an d immediatel y 
activate d eve n wiie n thes e representation s ar e no t  supporte d 
by sensor y input .  Thi s activatio n o f  orthographi c 
representations ,  whic h ar e share d partl y b y homophon e 
target s i n Experimen t  1  an d i n Experimen t  3  bu t  no t  i n 
Experimen t  2 ,  lead s t o extr a facilitatio n i n th e namin g o f 
homophon e targets . 

Th e finding  o f  a n inhibitor y effec t  fo r  orthographi c target s 
i n th e presen t  experimen t  als o support s th e notio n o f 
automati c orthographi c activatio n fi-om  th e sprea d o f 
semanti c activation .  Th e presenc e o f  a  semanti c prim e (e.g. , 
M he(2 )  river )  pre-activate s th e orthographi c an d 
phonologica l  representation s o f  it s  semanticall y relate d 
word s (e.g. ,  ̂  qiao(2) ,  bridge) .  Th e followin g presentatio n 
of  a n orthographi c targe t  (e.g. ,  ̂  jiao(l) ,  tender )  activate s 
it s orthographi c representation ,  whic h i t  share s i n par t  wit h 
it s orthographi c neighbo r  ^  (qiao(2) ,  bridge) .  Th e 
activatio n o f  it s  phonologica l  representatio n ha s t o compet e 
wit h th e pre-activate d phonologica l  representatio n o f  ^ 
(qiao(2) ,  bridge) ,  creatin g interferenc e i n naming . 

General Discussion 
Th e mai n purpos e o f  th e presen t  researc h wa s t o 

investigat e sprea d o f  activatio n an d mteractio n betwee n 
differen t  type s o f  knowledg e representation s i n lexica l 

processing .  Thre e prime d namin g experiments ,  conducte d 
on bot h Englis h an d Chinese ,  yielde d convergin g evidenc e 
fo r  th e automati c an d immediat e sprea d o f  activatio n fi'om 
semantic s t o phonolog y an d orthography .  I n Experimen t  1 , 
equa l  facilitator y effect s wer e foun d fo r  Englis h word s (e.g. , 
boy )  tha t  ar e semanticall y relate d t o thei r  prime s (e.g. ,  girl ) 
and fo r  word s tha t  ar e homophoni c an d orthographicall y 
simila r  t o semanti c target s (e.g. ,  buoy) .  Thes e effect s di d no t 
interac t  wit h th e relativ e fi-equencies  o f  semanti c an d 
homophon e targets .  Equa l  facilitator y primin g effect s wer e 
als o obtaine d fo r  Chines e wiie n semanti c an d homophon e 
target s wer e no t  onl y o f  th e sam e pronunciation s bu t  als o 
simila r  i n orthograph y (Experimen t  3) .  W h e n homophon e 
target s wer e orthographicall y differen t  fi-om  semanti c 
targets ,  however ,  a  significantl y smalle r  facilitator y effec t 
was foun d i n namin g homophon e target s (Experimen t  2) . 
W h en targe t  word s ar e orthographicall y simila r  t o bu t 
phonologicall y differen t  fi-om  semanti c targets ,  a  significan t 
inhibitor y effec t  wa s foun d fo r  thes e target s (Experimen t  3) . 

Thes e findings  indicat e tha t  i n bot h th e Englis h an d th e 
Chines e menta l  lexicons ,  th e sprea d o f  activatio n betwee n 
word s sharin g semanti c feature s (e.g. ,  gir l  an d boy ,  o r  M 
he(2 )  river ,  an d ̂  qiao(2) ,  bridge),  activate s immediatel y 
not  onl y tiie  phonologica l  representation s o f  word s (e.g. ,  bo y 
or  ^  qiao(2) ,  bridge )  receivin g th e sprea d o f  semanti c 
activation ,  bu t  als o thei r  orthographi c representations ,  eve n 
w h en thes e word s ar e no t  visuall y presented .  I f  homophon e 
prob e word s (e.g. ,  buo y o r  # f  qiao(2) ,  liv e abroad )  ta p int o 
bot h phonologica l  an d orfliographi c activation ,  th e 
facilitator y effec t  t o th e namin g o f  prob e word s i s equa l  t o 
th e effec t  o f  namin g th e semanticall y relate d words .  I f  prob e 
word s ta p onl y int o phonologica l  representations ,  a s i n 
Experimen t  2 ,  a  reduce d facilitator y primin g effec t  i s  foun d 
i n th e namin g o f  orthographicall y differen t  prob e words .  I f 
prob e word s ta p onl y int o orthographi c activatio n an d creat e 
competitio n wit h semanti c target s i n th e computatio n fi-om 
orthograph y t o phonology ,  a s i n th e cas e o f  ̂  (qiao(2) , 
bridge )  an d ̂  Q\ao{\) ,  tender) ,  a n inhibitor y effec t  i s  foun d 
i n namin g prob e words . 

A n alternativ e explanatio n tha t  doe s no t  pos e problem s fo r 
modula r  theorie s o f  lexica l  processin g attribute s th e 
facilitator y primin g effect s fo r  semanti c an d homophon e 
target s t o form-base d associativ e primin g (e.g. ,  Moss ,  Hare , 
Day ,  &  Tyler ,  1994 ;  Plant ,  1995) .  O n thi s account ,  th e co -
occurrenc e o f  tw o phonologica l  and/o r  orthographi c pattern s 
(e.g. ,  fo r  gir l  an d boy )  durin g learnin g form s a  stable , 
contextua l  relatio n betwee n th e for m representation s an d th e 
facilitator y primin g effect s fo r  homophon e target s wa s du e 
t o th e sprea d o f  activatio n betwee n for m representation s o f 
semanti c prime s an d mediatin g words ,  rathe r  tha n th e sprea d 
of  activatio n fi-om  th e semanti c syste m t o phonolog y an d 
orthography .  However ,  wlie n w e re-ra n Experimen t  1  wit h 
semanti c prime s tha t  di d no t  hav e stron g associativ e 
relation s wit h targe t  words ,  w e foun d essentiall y  th e sam e 
patter n o f  primin g effect s fo r  th e semanti c an d homophon e 
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targets .  Thi s finding  leave s th e modula r  argumen t  withou t  a n 
obviou s escap e route . 

To summarize ,  usin g a  semanticall y mediate d 
phonologica l  primin g technique ,  th e presen t  researc h 
provide s evidence ,  perhap s th e stronges t  t o date ,  from  bot h 
Englis h an d Chines e tha t  th e sprea d o f  activatio n betwee n 
word s sharin g semanti c propertie s i s no t  encapsulate d i n th e 
semanti c system .  I t  spread s furthe r  int o phonologica l  an d 
orthographi c systems ,  activatin g automaticall y an d 
immediatel y th e representation s correspondin g t o th e 
partiall y  activate d semanti c representations .  Suc h sprea d o f 
activatio n an d interactio n betwee n differen t  type s o f 
knowledg e representation s i n th e lexico n d o no t  necessaril y 
need sensor y support . 
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