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Bi l ingua l is m a n d th e Singl e r o u t e /  D u a l  r o u t e d e b a t e . 

Michae l  S .  C .  Thomas , 
Departmen t  i) f  Psychology , 

Kin g Alfred' s College . 
Sparlcfor d Road , 

Winchester ,  S 0 2 2 4 N R ,  U K . 
t h o m a s @ d r a g o n . p s y c h . o x . a c . u k 

Abstrac t 

The debate between single and dual route accounts of 
cognitiv e processe s ha s bee n generate d predominantl y b y th e 
applicatio n o f  connectionis t  modelin g technique s t o tw o 
area s o f  psycholinguistics .  Thi s pape r  draw s a n analog y 
betweo i  thi s debat e an d bilingua l  languag e processing .  A 
prominen t  questio n withi n bilingua l  wor d recognitio n i s 
whethe r  th e bilingua l  ha s functionall y separat e lexicon s fo r 
each language ,  o r  a  singl e syste m abl e t o recogniz e th e word s 
i n bot h languages .  Empirica J evidenc e ha.< ;  bee n take n t o 
suppor t  a  mode l  whic h include s tw o separat e lexicon s 
workin g i n paralle l  (Smith ,  1991 ;  Gerar d an d Scarborough , 
1989) .  However ,  a  rang e o f  interferenc e effect s ha s bee n 
foun d betwee n th e bilingual' s tw o set s o f  lexica l  knowledg e 
(Thomas ,  1997a) .  Connectionis t  model s hav e bee n pu t 
forwar d whic h sugges t  tha t  a  singl e represeiiiationa l  resourc e 
may dea l  wit h thes e data ,  s o lon g a s word s ar e code d 
accordin g t o languag e membershi p (Thomas ,  1997a ,  1997b , 
Dijkstr a an d va n Heuven ,  1998) .  Thi s pape r  discusse s th e 
criteri a whic h migh t  b e use d t o differentiat e singl e rout e and 
dual  rout e models .  A n empirica l  stud y i s  introduce d t o 
addres s on e o f  thes e criteria ,  paralle l  access ,  wit h regar d t o 
bilingua l  wor d recognition .  Th e stud y fail s t o ftnd  suppor t 
fo r  th e dua l  rout e model . 

Introduction. 

T wo wel l  know n connectionis t  model s hav e questione d th e 
necessit y o f  dua l  rout e processin g account s withi n th e 
psycholog y o f  language .  I n inflectiona l  morphology , 
connectionis t  model s o f  th e formatio n o f  th e pas t  tens e hav e 
suggeste d tha t  a  singl e networ k i s  sufficien t  t o lear n bot h 
rule-base d pas t  tens e formation s a s wel l  a s idiosyncrati c 
formation s an d famil y cluster s (e.g .  Plunket t  an d 
Marchman ,  1991) .  Th e namin g an d wor d recognitio n 
model s o f  Seidenber g an d McClellan d (1989 )  an d latterl y 
Plaut ,  McClelland ,  Seidenberg ,  an d Patterso n (1996 )  hav e 
suggeste d tha t  a  singl e networ k i s sufficien t  t o lear n bot h a 
rule-base d metho d o f  constructin g pronunciation s o f  nove l 
wor d strings ,  a s wel l  a s th e variou s irregula r  an d 
idiosyncrati c pronunciation s o f  Englis h monosyllabi c 
words . 

The singl e rout e /  dua l  rout e debat e ha s ofte n revolve d 
aroun d whethe r  i t  i s  necessar y t o postulat e a  prior i  rule -
base d processin g mechanism s t o underli e variou s aspect s o f 
cognition ;  becaus e rule s hav e exceptions ,  a  rule-base d 
processo r  mus t  b e accompanie d b y a n exceptio n 
mechanism .  However ,  th e debat e ca n als o b e see n simpl y a s 

a questio n o f  whethe r  w e nee d t o postulat e on e o r  tw o 
functiona l  processin g mechanism s t o underli e a  give n 
cognitiv e ability . 

I n ibi s paper ,  )  wil l  propos e tha t  th e on e o r  tw o lexicon s 
debat e withi n bilingua l  wor d recognitio n i s  analogou s t o 
thi s question .  Afte r  outlinin g thi s debate ,  1  wil l  sugges t  fou r 
criteri a whic h m a y b e use d t o distinguis h betwee n singl e 
and dua l  rout e model s o f  a  give n cognitiv e ability .  Lastly ,  I 
wil l  introduc e empirica l  evidenc e from  a  bilingua l  primin g 
stud y whic h addresse s on e o f  thes e criteria .  Thi s stud y 
produce s result s whic h appea r  inconsisten t  wit h a  dua l  rout e 
accoun t  o f  bilingua l  wor d recognition . 

Bilingual word recognition. 

A primar y issu e whe n investigatin g th e bilingua l  languag e 
processin g syste m i s it s relatio n t o tha t  o f  th e monolingua l 
system .  A t  on e extreme ,  on e coul d envisag e tha t  th e 
bilingual' s tw o language s serv e merel y a s subdivision s 
withi n a  singl e system .  A t  th e othe r  extreme ,  on e migh t 
envisag e a n entirel y separat e syste m fo r  eac h o f  th e 
bilingual' s tw o languages . 

I n term s o f  bilingua l  wor d recognition ,  th e traditiona l 
accoun t  take s a n intermediat e positio n Assumin g tha t 
knowledg e abou t  word s ca n b e separate d int o knowledg e 
abou t  wor d meaning s an d knowledg e abou t  wor d forms ,  th e 
traditiona l  accoun t  postulate s a  c o m m o n semanti c syste m 
fo r  bot h languages ,  bu t  separat e system s t o recogniz e th e 
wor d form s o f  eac h languag e (Smith ,  1991) .  Thu s i n a  tas k 
lik e visua l  lexica l  decision ,  primin g paradigm s sho w tha t 
shor t  ter m semanti c primin g occur s betwee n th e bilingual' s 
language s a s wel l  a s withi n the m (e.g .  Che n an d Ng ,  1989) ; 
but  lon g ter m lexica l  primin g betwee n th e first  an d secon d 
presentation s o f  a  wor d i s onl y foun d fo r  repetition s withi n 
a language ,  no t  betwee n translatio n equivalent s i n differen t 
language s (e.g .  Kirsner ,  Smith ,  Lockhart ,  King ,  an d Jain , 
1984) . 

For  man y pair s o f  languages ,  ther e ar e wor d form s tha t 
exis t  i n bot h languages .  Thes e ar e know n a s homographs . 
Non-cognat e homograph s o n th e othe r  han d ar e word s 
whic h hav e th e sam e for m bu t  a  differen t  meanin g i n eac h 
languag e (e.g .  th e Frenc h word s M A I N an d FI N m e a n 
'hand '  an d 'end '  i n English) .  Sinc e thes e word s hav e a 
differen t  meanin g i n eac h language ,  the y ofte n hav e a 
differen t  frequency  o f  occurrence .  W h e n bilingual s ar e 
require d t o recogniz e th e visua l  form s o f  non-cognat e 
homographs ,  the y d o s o accordin g t o thei r  frequency  o f 
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occurrenc e withi n eac h languag e (Frenc h an d Ohnesorge , 
1 W 5:  Gerar d an d Scarborough ,  1989) ;  tha t  is ,  th e sam e 

wor d for m i s recognize d quickl y i n th e languag e contex t 
wher e i t  ha s a  hig h frequenc y o f  occurrence ,  an d slowl y i n 
th e languag e contex t  wher e i t  ha s a  lo w frequenc y o f 
occurrence .  Th e behavio r  o f  thes e word s appear s t o b e 
unaffecte d b y th e presenc e o f  th e sam e wor d for m i n th e 
othe r  language .  Thi s i s take n a s additiona l  evidenc e o f 
independen t  lexicon s fo r  eac h language .  A.n d indeed ,  a s i f  t o 
confir m tha t  a  differen t  representatio n underlie s eac h 
versio n o f  th e visua l  wor d form ,  presentatio n o f  a  non -
cognat e homograp h i n on e languag e contex t  doe s no t 
facilitat e late r  recognitio n o f  th e wor d for m i n th e othe r 
languag e contex t  (Thomas ,  1997a) . 

I n broa d metaphorica l  terms ,  then ,  th e bilingua l  wor d 
recognitio n syste m comprise s separat e menta l  dictionarie s 
t o loo k u p th e wor d form s i n eac h language ,  bu t  dictionarie s 
pointin g t o a  c o m m o n se t  o f  meanings .  I n orde r  t o retriev e 
th e meanin g fo r  a  give n input ,  ther e ar e dua l  lexica l  routes . 

Two criticisms of the dual route model of 
bilingua l  w o r d recognit ion . 

Ther e ar e tw o kind s o f  criticism s tha t  hav e bee n mad e o f 
thi s dua l  rout e model . 

Th e first  i s  base d o n th e assumptio n tha t  morpholog y i s 
th e principl e whic h guide s organizatio n o f  th e bilingual' s 
lexica l  representations .  O n th e basi s tha t  word s o f  differen t 
language s ofte n soun d o r  loo k different ,  morpholog y alon e 
coul d b e sufficien t  t o produc e th e apparen t  effect s o f 
independenc e i n a  singl e undifferentiate d system .  Kirsner , 
Lalor ,  an d Hir d (1993 ,  p .  228 )  comment :  "morpholog y m a y 
be th e critica l  featur e fo r  lexica l  organization ,  providin g th e 
peg s aroun d whic h cluster s o f  word s ar e organized , 
regardles s o f  language "  I n thi s kin d o f  system ,  on e woul d 
not  expec t  lon g ter m lexica l  primin g effect s betwee n 
translatio n equivalent s (suc h a s D O G an d C H I  E N i n 
Englis h an d French )  whe n the y ar e orthographicall y 
different ,  i n th e sam e wa y tha t  orthographicall y differen t 
synonym s withi n a  singl e languag e d o no t  prim e eac h othe r 
ove r  lon g interval s (e.g .  D O G an d H O U N D ) .  However ,  th e 
morphologica l  approac h canno t  accoun t  fo r  wh y non -
cognat e homographs ,  wit h th e sam e orthographi c for m i n 
eac h language ,  nevertheles s sho w differen t  recognitio n 
latencie s dependin g o n th e languag e contex t  i n whic h the y 
ar e presented . 

Th e secon d criticis m o f  th e dua l  rout e mode l  o f  bilingua l 
wor d recognitio n arise s because ,  despit e evidenc e fo r  th e 
independenc e o f  lexica l  representations ,  ther e i s 
nevertheles s a  wid e rang e o f  cross-languag e interferenc e 
effect s foun d whe n stimul i  exhibi t  som e degre e o f  similarit y 
betwee n th e tw o languages .  Tha t  is ,  recognitio n o f  a  wor d 
i n on e languag e m a y b e facilitate d o r  inhibite d i f  i t 
resemble s a  wor d i n th e othe r  language .  Thu s Klei n an d 
Docto r  (1992 )  foun d tha t  non-cognat e homograph s ( M A I N , 
FIN )  wer e recognize d mor e slowl y tha n matche d cognat e 
homograph s (word s whic h hav e th e sam e for m an d meanin g 
eac h language ,  suc h a s T R A I N i n Englis h an d French) ; 
Cristoffanini ,  Kirsner ,  an d Milec h (1986 )  an d Gerar d an d 
Scarboroug h (1989 )  foun d tha t  cognat e homograph s i n a 
bilingual' s weake r  languag e wer e recognize d mor e quickl y 

tha n word s o f  comparabl e frequenc y i n tha t  language ; 
Beauvillai n (1992 )  foun d tha t  whe n operatin g i n a  singl e 

languag e context ,  bilingua l  subject s recognize d word s mor e 
quickl y i f  th e word s possesse d orthographi c partem s 
specifi c  t o tha t  language ,  rathe r  tha n c o m m o n betwee n th e 
tw o languages ;  an d Grainge r  an d Dijkstr a (1992 )  foun d tha t 
th e numbe r  o f  orthographi c neighbor s i n th e non-activ e 
languag e coul d affec t  lexica l  decisio n time s fo r  word s i n th e 
activ e language .  I f  a  wor d ha d mor e orthographi c neighbor s 
i n th e othe r  languag e tha n it s own ,  i t  wa s recognize d mor e 
slowly . 

Evidenc e o f  cross-languag e interferenc e effect s ha s le d 
researcher s t o sugges t  tha t  th e bilingua l  ha s a  singl e se t  o f 
lexica l  representations ,  bu t  representation s tha t  ar e 
structure d b y a  combinatio n o f  languag e membershi p an d 
morpholog y (Grainge r  an d Dijkstra ,  1992 ;  Thomas ,  1997a , 
1997b ;  Dijkstr a an d va n Heuven ,  1998) .  Thi s approac h ha s 

bee n supporte d b y computationa l  modelin g withi n th e 
connectionis t  tradition . 

Two single route connectionist models. 

Singl e rout e connectionis t  model s hav e bee n pu t  forwar d 
withi n bot h th e interactiv e activatio n an d distribute d 
fi-ameworks. 

Grainge r  an d Dijkstr a (1992 )  propose d tha t  a  bilingua l 
versio n o f  th e interactiv e activatio n mode l  coul d accoun t  fo r 
th e cross-languag e neighborhoo d effect s foun d i n thei r 
lexica l  decisio n study .  Dijkstr a an d va n Heuve n (1998 ) 
implemente d a  versio n o f  thi s mode l  an d simulate d a 
number  o f  result s fro m experiment s wit h Dutch-Englis h 
bilingual s demonstratin g inhibitor y effect s o f  cross -
languag e neighborhoods .  Th e bilingua l  interactiv e 
activatio n mode l  ( B I A M )  contain s a n integrate d lexico n a t 
th e wor d uni t  level ,  wit h unit s fo r  th e word s i n bot h 
languages .  Al l  wor d unit s compet e wit h eac h othe r 
regardles s o f  th e languag e t o whic h the y belong .  I n 
addition ,  a n extr a representationa l  laye r  i s adde d whic h 
contain s tw o "languag e nodes" ,  on e representin g eac h 
language .  Th e unit s fo r  th e word s i n eac h languag e hav e 
excitator y connection s t o thei r  respectiv e languag e node . 
The languag e node s i n tur n hav e inhibitor y connection s t o 
th e wor d unit s o f  th e othe r  language .  Durin g recognition , 
excitatio n o f  th e wor d unit s o f  on e languag e wil l  inhibi t  th e 
activit y o f  th e wor d unit s i n th e othe r  language ,  vi a thei r 
languag e node .  I n thi s model ,  ther e i s a  singl e lexico n 
differentiate d onl y b y th e additio n o f  informatio n 
concernin g languag e membership . 

Thomas (1997a ,  1997b )  ha s pu t  forwar d a  distribute d 
model  o f  bilingua l  wor d recognition ,  base d o n a n extensio n 
t o Seidenber g an d McClelland' s (1989 )  fi-amework  fo r 
monolingua l  wor d recognitio n an d naming .  Th e Bilingua l 
Singl e Networ k (BSN )  mode l  postulate s a  singl e 
representationa l  resourc e t o perfor m eac h o f  th e mapping s 
betwee n orthography ,  phonology ,  an d semantic s fo r  bot h o f 
th e languages .  However ,  word s ar e tagge d fo r  languag e 
membershi p a s par t  o f  thei r  inpu t  an d outpu t 
representations . 

Th e B S N mode l  ca n accoun t  bot h fo r  empirica l  dat a 
suggestin g th e independenc e o f  lexica l  representation s 
(Frenc h an d Ohnesorge ,  1995 ;  Kirsne r  e t  al ,  1984) ,  an d als o 
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fo r  betwee n languag e interferenc e effect s (Cristoffanini , 
Kirsner ,  an d Milech ,  1986 ;  Gerar d an d Scarborough ,  1989 ; 
IClei n an d Doctor ,  1992) .  Fo r  example ,  i n generatin g th e 
semanti c outpu t  fo r  a  non-cognat e homograp h lik e FI N i n 
one o f  th e languages ,  th e mode l  show s a  frequenc y respons e 
determine d b y h o w ofte n th e mode l  i s traine d o n th e 
orthographi c cod e i n associatio n wit h th e appropriat e 
languag e code .  Thu s FI N woul d sho w a  withi n languag e 
frequency  respons e -  a  behavio r  take n t o sugges t 
independence .  However ,  whe n attemptin g t o lear n non -
cognat e homographs ,  th e networ k i s presente d wit h tw o 
mapping s tha t  ar e ver y simila r  a t  inpu t  bu t  dissimila r  a t 
outpu t  (i.e .  wor d for m +  languag e cod e a  = > meanin g a ; 
same wor d for m +  languag e cod e h  = > meanin g h) .  Suc h 
inconsisten t  mapping s ar e les s wel l  learn t  tha n consisten t 
mapping s wher e simila r  input s generat e simila r  outputs . 
Thus FI N woul d b e recognize d mor e slowl y an d les s 
accuratel y tha n matche d cognat e homograph s -  evidenc e o f 
interferenc e betwee n th e tw o language s a t  th e lexica l  level . 

The dual route model strikes back. 

We hav e seen ,  then ,  tw o model s whic h accoun t  fo r  th e 
cross-languag e interferenc e effect s apparentl y incompatibl e 
wit h th e traditiona l  dua l  rout e account .  However ,  a n 
alternativ e avenu e i s ope n t o th e dua l  rout e theoris t  whic h 
may allo w the m t o dea l  wit h thes e problemati c effects .  Th e 
dual  rout e theoris t  m a y propos e tha t  interferenc e effect s a t 
th e lexica l  leve l  aris e merel y fro m th e competitio n o f  tw o 
independen t  routes .  Thu s Sharwoo d Smit h (1991 ,  p .  16-17 ) 
comments : 

...evidence from crosslinguistic influence in language loss 
and languag e acquisition.. .  woul d sugges t  tha t  L I  an d 1 2 
knowledg e i s no t  rigidl y separate d an d tha t  knowledg e i n on e 
syste m ca n indee d affec t  th e shap e o f  knowledg e i n th e othe r 
What  thi s precisel y mean s wit h respec t  t o th e ide a o f 
autonom y o r  encapsulatio n is .  o f  course ,  theory-dependent . 
Sinc e knowledg e i s onl y "visible "  i n performance ,  an y 
crosslinguisti c influenc e betwee n L I  an d L 2 coul d stil l  b e th e 
on-lin e accessin g o f  wha t  ar e stil l  separat e systems ,  a s i n 
code-switching .  I n othe r  words ,  crosslinguisti c influenc e 
coul d b e a  purel y real-tim e contro l  phenomeno n 

In this version of the dual route model, the lexical 
representation s ar e stil l  functionall y independent ,  bu t  n o w 
any evidenc e o f  interferenc e betwee n th e tw o route s i s take n 
t o aris e becaus e th e route s wor k i n paralle l  an d bot h 
contribut e (fo r  goo d o r  bad )  t o th e overal l  response .  Fo r  th e 
dual  rout e theorist ,  evidenc e o f  betwee n languag e 
interferenc e i s evidenc e o f  a  failur e t o properl y contro l 
independen t  processin g mechanisms ,  no t  evidenc e tha t  ther e 
i s a  singl e representationa l  resource . 

I n ligh t  o f  thi s response ,  i t  i s  n o longe r  clea r  h o w w e m a y 
distinguis h betwee n singl e rout e an d dua l  rout e accounts . 

Four criteria to distinguish single route and 
d u a l  rou t e m o d e l s . 

The dua l  rout e theorist' s  respons e t o evidenc e o f  betwee n 
rout e interferenc e effect s i s foun d no t  onl y withi n bilingua l 

wor d recognition ,  bu t  als o withi n th e pas t  tens e debat e an d 
th e monolingua l  wor d recognitio n debate . 

I n th e pas t  tens e debate ,  th e clai m mad e fo r  th e singl e 
rout e mode l  i s tha t  a  singl e processin g mechanis m ca n 
produc e th e U-shape d learnin g characteristi c o f  childre n 
(e.g .  Plunket t  an d Marchman ,  1991) .  A  singl e connectionis t 
networ k demonstrate s over-generalizations ,  whereb y 
irregula r  pas t  tens e formation s (g o = > went )  ar e temporaril y 
treate d a s regula r  verb s (g o = > goed) ,  befor e additiona l 
trainin g draw s th e mode l  toward s overal l  competence . 
However ,  th e traditiona l  dua l  rout e accoun t  doe s no t  tak e 
suc h interferenc e a s evidenc e o f  a  singl e mechanism .  I t 
suggest s tha t  th e interferenc e effec t  arise s becaus e tw o 
independen t  mechanism s (on e fo r  regula r  pas t  tens e 
formations ,  on e fo r  irregula r  pas t  tens e formations )  ar e 
generatin g conflictin g responses ,  and ,  a t  a  certai n stag e i n 
development ,  ther e i s a  failur e t o contro l  th e mechanisms . 
For  a  brie f  period ,  th e irregula r  rout e fail s  t o 'block '  o r 
overrid e th e regula r  rout e (e.g .  Pinker ,  1994) . 

Wit h regar d t o monolingua l  naming ,  th e traditiona l 
accoun t  suggest s tha t  tw o processin g mechanism s ar e 
necessar y t o generat e th e pronunciatio n o f  a  writte n word . 
Th e wor d m a y b e recognize d an d it s store d pronunciatio n 
retrieve d (lexica l  route) .  O r  th e pronunciatio n m a y b e 
constructe d o n th e basi s o f  th e letter s tha t  mak e u p th e 
word ,  usin g a  se t  o f  rule s whic h conver t  letter s int o sound s 
( G P C route)' .  Th e singl e rout e mode l  (Plau t  e t  al ,  1996 ) 
suggest s tha t  a  singl e processin g mechanis m m a y achiev e 
bot h o f  thes e functions ,  tha t  is ,  stor e th e pronunciation s fo r 
writte n words ,  an d construc t  th e pronunciation s o f  lette r 
string s (a t  leas t  a s wel l  a s human s can) .  I n addition ,  th e 
singl e rout e mode l  ca n accoun t  fo r  consistenc y effects .  I n 
th e dua l  rout e model ,  pronunciation s fo r  lette r  string s suc h 
as Z A I D an d Z A K E ar e constructe d i n th e G P C route .  Ove r 
i n th e wor d store ,  i t  turn s ou t  tha t  whe n -AI D arise s withi n 
know n words ,  i t  doe s no t  generat e consisten t 
pronunciations :  M A I D ,  PAID ,  B R A I D etc .  bu t  als o SAID . 
On th e othe r  hand ,  whe n -AIC E appear s i n words ,  thi s 
segment  i s alway s pronounce d th e same :  B A K E ,  T A K E , 
W A K E,  S H A K E etc .  Th e interestin g thin g i s tha t  huma n 
subject s reliabl y sho w longe r  latencie s whe n namin g string s 
lik e Z A I D tha n the y d o whe n namin g string s lik e Z A K E 
(Glushko ,  1979) .  Presumably ,  thi s i s becaus e th e 
constructio n o f  th e pronunciatio n i s influence d b y th e fac t 
that ,  ove r  i n th e wor d store ,  ther e i s a  differenc e o f  opinio n 
abou t  -AI D word s bu t  no t  abou t  - A K E words . 

For  th e singl e rout e account ,  thi s interferenc e effec t  i s  t o 
be expected ,  sinc e bot h function s ar e realize d ove r  a  singl e 
representationa l  resource .  I n th e dua l  rout e account , 
constructio n o f  pronunciation s an d retrieva l  o f  store d 
pronunciation s occu r  i n independen t  mechanisms .  S o wher e 
doe s th e interferenc e effec t  com e from ? B y n o w w e ca n 
gues s th e response :  interferenc e i s th e resul t  o f  th e paralle l 
functio n o f  tw o independen t  mechanism s wher e bot h 
compet e t o generat e a  response .  Cohheart ,  Curtis ,  Atkins , 
and Haller ,  (1993 )  continu e "...becaus e competitio n 
increase s namin g latency ,  thi s i s a  wa y i n whic h a  pur e 

'  Ther e i s a  thir d rout e vi a semantic s whic h bot h 'dua l  route ' 
and 'singl e route '  account s agre e upon . 
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dual-rout e mode l  ca n explai n consistenc y effect s o n 
nonwor d (an d word )  namin g latency "  (p .  605) . 

Her e the n ar e thre e example s o f  singl e rout e /  dua l  rout e 
debate s i n whic h bot h side s ca n clai m t o provid e equall y 

vali d explanation s o f  th e data .  H o w ca n w e distinguis h 
betwee n thes e accounts ? I n th e nex t  section ,  1  wil l  discus s 
fou r  possibl e criteria : 

1. Are there between route interference effects in the 
empirica l  data ? 

2.  Ca n th e tw o route s b e dissociated ? 
3.  Ca n th e tw o route s b e acquire d independently ? 
4.  I s ther e evidenc e o f  paralle l  access ? 

1. Are there between route interference effects in 
th e empirica l  data ? 

Suc h interferenc e effect s migh t  b e take n a s suppor t  fo r 
th e singl e rout e account .  I t  seem s a  reasonabl e startin g poin t 

t o requir e that ,  i f  a  mode l  want s t o postulat e tw o 
independen t  mechanisms ,  the n durin g th e norma l 
functionin g o f  on e mechanism ,  ther e shoul d b e n o 
interferenc e fro m th e other .  Consistenc y effect s migh t  b e 
see n a s a  prototypica l  exampl e o f  a  betwee n rout e 
interferenc e effec t  supportin g a  singl e rout e model . 
Empirica l  evidenc e o f  consistenc y effect s ha s bee n foun d 
not  onl y i n namin g (Glushko ,  1979) ,  bu t  als o i n pas t  tens e 
formatio n (Seidenber g an d Bruck ,  1990) ,  an d i n bilingua l 
wor d recognitio n (Grainge r  an d Dijkstra ,  1992) .  However , 
i n th e ligh t  o f  th e precedin g discussion ,  thi s criterio n m a y 
wel l  prov e inconclusive :  dua l  rout e model s hav e a  wa y t o 
accoun t  fo r  betwee n rout e effects .  O n e migh t  merel y not e 
tha t  give n tha t  singl e rout e model s hav e provide d 
computationa l  account s o f  consistenc y data ,  th e onu s i s o n 
dual  rout e model s t o provid e a  computationa l  accoun t  o f 
h o w th e activit y o f  th e separat e route s m a y b e glue d 
togethe r  t o produc e th e requisit e interferenc e patterns .  Thu s 
far ,  suc h dua l  rout e computationa l  account s hav e bee n thi n 
on th e ground . 

2. Can the two routes be dissociated? 

A secon d possibl e criterio n t o distinguis h singl e rout e an d 
dual  rout e model s woul d b e th e presenc e o f  dissociation s 
betwee n th e tw o routes .  Evidenc e o f  dissociation s migh t 
suppor t  a  dua l  rout e account .  Pinke r  (1991 )  an d Colthear t  e t 

al  (1993 )  hav e pointe d t o cognitiv e neuropsychologica l 
evidenc e o f  doubl e dissociation s betwee n regula r  /  irregula r 
route s i n pas t  tense ,  an d lexica l  /  G P C route s i n naming .  I n 
th e bilingua l  case ,  ther e i s som e evidenc e o f  differentia l 
impairmen t  o f  languages ,  althoug h thi s generall y appear s t o 
be associate d wit h level s o f  proficienc y an d historie s o f 
acquisitio n (se e Paradis ,  1996 ;  Vai d an d Hall ,  1991) . 

For  thi s criterion ,  th e onu s i s o n singl e rout e model s t o 
sho w h o w damag e t o a  singl e mechanis m m a y lea d t o 
separat e impairmen t  t o on e o r  othe r  functio n (b e i t  regula r  / 
irregular ,  lexica l  /  G P C ,  o r  L I  /  L2) .  S o m e wor k ha s bee n 
carrie d ou t  i n th e lesionin g o f  distribute d networks ,  whic h 
has show n bot h th e potentia l  difficultie s i n thi s enterpris e 
(e.g .  Bullinari a an d Chater ,  1995 )  bu t  als o th e possibilit y  o f 
generatin g doubl e dissociation s i n suc h network s (Plaut , 
1995) . 

3.  C a n th e t w o route s b e acquire d independently ? 

Evidenc e tha t  route s ca n b e acquire d independentl y migh t 
suppor t  a  dua l  rout e account .  Thi s criterio n i s no t  usefull y 
applie d t o th e namin g o r  pas t  tens e debates ,  wher e bot h 
route s ar e acquire d mor e o r  les s simultaneously .  I n th e 
bilingua l  case ,  however ,  bot h simultaneou s an d sequentia l 
acquisitio n o f  language s ar e possible .  Moreover ,  sequentia l 
acquisitio n o f  tw o language s produce s a  functiona l  wor d 
recognitio n syste m no t  markedl y differen t  from  th e 
simultaneousl y acquire d syste m (Magiste ,  1984 ;  Potter ,  So , 
vo n Eckhardt ,  an d Feldman ,  1984) . 

Thi s place s constraint s o n a  singl e rout e model , 
particularl y on e usin g distribute d representations .  Althoug h 
th e bilingua l  interactiv e activatio n mode l  aim s onl y t o 
provid e a n accoun t  o f  final  stat e performance ,  th e 
distribute d networ k mode l  woul d hop e t o includ e a n 
accoun t  o f  acquisition .  However ,  i t  i s  wel l  know n tha t 
distribute d network s whic h ar e traine d sequentiall y  o n 
differen t  task s ca n experienc e interferenc e effect s betwee n 
th e firs t  an d secon d trainin g se t  (se e e.g .  McCloske y an d 
Cohen ,  1989) .  I n bilingua l  terms ,  thi s woul d predic t  damag e 
t o L I  durin g acquisitio n o f  L 2 Thi s doe s no t  appea r  t o b e a 
prominen t  characteristi c o f  secon d languag e acquisitio n 
(althoug h i t  i s  no t  clea r  tha t  anyon e ha s specificall y looke d 
fo r  suc h a n effect ,  fo r  instanc e unde r  condition s o f  intens e 
L 2 acquisition) . 

Give n th e apparen t  independenc e o f  acquisition ,  th e onu s 
her e i s o n th e singl e rout e mode l  t o sho w h o w a  singl e 
mechanis m ca n integrat e sequentiall y  acquire d functions .  A 
distribute d mode l  o f  bilingua l  wor d recognitio n employin g 
a singl e representationa l  resourc e fo r  bot h language s woul d 
nee d t o addres s th e sequentia l  learnin g problem .  Som e 
(limited )  progres s ha s bee n mad e o n thi s issu e (se e e.g . 
McClelland ,  McNaughton ,  an d O'Reilly ,  1995) ,  bu t  muc h 
remain s t o b e done .  I t  i s  wort h notin g tha t  thi s issu e i s no t 
limite d t o bilingua l  models .  Eve n a  distribute d monolingua l 
model  o f  wor d recognitio n need s t o establis h h o w 
vocabular y expansio n ca n progres s i n a  singl e mechanis m 
withou t  disruptio n o f  pre-store d distribute d knowledge . 

4. Is there evidence of parallel access? 

T o accoun t  fo r  betwee n rout e interferenc e effects ,  dua l 
rout e model s emplo y th e notio n o f  paralle l  access .  Bot h 
route s ar e workin g a t  once ,  an d thei r  combinatio n cause s 
interference .  I t  i s  importan t  t o not e tha t  i n a  singl e rout e 
model ,  suc h paralle l  acces s i s no t  possible :  ther e i s onl y a 
singl e representationa l  system ,  whic h m a y tak e o n differen t 
form s i n differen t  context s (regula r  vs .  irregular ,  lexica l  vs . 
G P C,  L I  vs .  L2) .  Evidenc e whic h demonstrate s tha t  paralle l 
acces s mus t  hav e occurre d woul d b e evidenc e fo r  a  dua l 
rout e model . 

We hav e t o b e reasonabl y careful ,  here ,  i n wha t  w e accep t 
as pertinen t  empirica l  evidence .  Fo r  example ,  monolingua l 
researc h o n h o w th e meaning s o f  ambiguou s word s ar e 
retrieve d ha s suggeste d tha t  durin g wor d recognition ,  bot h 
meaning s o f  a n ambiguou s wor d ar e initiall y  accessed ,  bu t 
tha t  onl y on e meanin g remain s activ e afte r  a  dela y 
(Seidenberg ,  Tanenhaus ,  Leiman ,  an d Bienkowski ,  1982 , 
Experimen t  1) .  W e coul d tak e thi s t o mea n tha t  ther e ar e 
tw o independen t  representation s o f  wor d meanin g accesse d 
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i n parallel ,  on e o f  whic h i s subsequentl y suppressed . 
However ,  usin g a  recurren t  connectionis t  network , 
JCawamoto (1993 )  demonstrate d tha t  th e empirica l  result s 
take n t o sugges t  suc h paralle l  acces s coul d b e simulate d b y 
a distribute d syste m wher e bot h meaning s wer e represente d 
ove r  th e sam e representationa l  resource . 

Evidenc e fo r  paralle l  acces s migh t  wor k a s follows .  A 
subjec t  i s require d t o perfor m som e tas k whic h shoul d onl y 
invok e activit y i n on e o f  th e 'routes '  I n th e dua l  rout e 
account ,  thi s tas k mus t  hav e als o activate d th e othe r  rout e 
(t o potentiall y  caus e interferenc e effects) .  W e the n attemp t 
t o searc h fo r  som e residu e o f  th e activit y i n th e secon d 
route .  O n e candidat e residu e woul d b e a  primin g effect .  A s 
an illustratio n o f  thi s approach ,  1  wil l  briefl y discus s a n 
empirica l  stud y carrie d ou t  t o evaluat e th e dua l  rout e mode l 
of  bilingua l  wor d recognitio n (se e Thomas ,  1997a ,  fo r 
furthe r  details) . 

Empirical study: a test of the parallel access 
criterio n i n bil ingua l  w o r d recogni t ion . 

I n th e languag e exclusiv e bilingua l  lexica l  decisio n task , 
one o f  th e subject' s language s i s define d a s active .  Th e 
subjec t  i s  the n require d t o separat e word s fro m plausibl e 
lette r  strings ,  bu t  t o respon d positivel y onl y t o stimul i  tha t 
ar e word s i n th e currentl y activ e language .  I f  a  lette r  strin g 
appear s whic h i s a  wor d i n th e currentl y inactiv e language , 
thi s shoul d b e rejecte d a s i f  i t  wer e a  non-word . 

I n th e standar d monolingua l  lexica l  decisio n task ,  i f 
stimul i  ar e repeate d afte r  a  ga p o f  2 0 o r  s o trials ,  response s 
t o word s ar e accelerated ,  bu t  plausibl e lette r  string s gai n 
littl e from  repetitio n (Scarborough ,  Cortese ,  an d 
Scarborough ,  1977) .  Thi s primin g effec t  i s  assume d t o aris e 
becaus e accessin g th e wor d representatio n o n th e first 
occasio n make s subsequen t  acces s easier .  Plausibl e lette r 
string s o n th e othe r  hand ,  ar e assume d no t  t o hav e a 
representatio n i n th e lexico n tha t  ca n b e s o facilitated . 

I n th e curren t  experiment ,  stimul i  wer e blocke d int o set s 
of  50 .  Th e activ e languag e alternate d betwee n eac h block . 
Stimul i  wer e repeate d eithe r  withi n a  bloc k (i.e .  withi n a 
language )  o r  acros s block s (betwee n th e languages) . 

Let  u s tak e a  give n wor d from  L I ;  w e wil l  focu s o n th e 
situatio n wher e th e secon d presentatio n o f  th e L I  wor d 
occur s i n a  bloc k wher e L I  i s  th e activ e language ,  an d thu s 
wher e th e stimulu s shoul d b e accepte d a s a  word .  Th e firs t 
presentatio n o f  thi s wor d m a y eithe r  hav e occurre d whe n 
th e subjec t  wa s als o respondin g accordin g t o L I ;  o r  i t  m a y 
hav e occurre d whe n th e subjec t  wa s respondin g accordin g 
t o L2 ,  wher e (assumin g th e wor d for m doe s no t  als o exis t  i n 
L2 )  i t  shoul d hav e bee n rejecte d a s a  nonword .  N o w 
accordin g t o th e dua l  rout e model ,  al l  wor d recognitio n 
shoul d activat e bot h route s i n parallel .  S o lon g a s accessin g 
a word' s representatio n cause s late r  acces s t o b e facilitated , 
i t  shouldn' t  matte r  whethe r  th e wor d wa s firs t  viewe d i n a n 
LI  contex t  o r  a n L 2 context .  Paralle l  acces s predict s tha t  th e 
primin g effec t  shoul d b e th e same . 

An experimen t  wa s ru n accordin g t o thi s desig n usin g 1 6 
tmdergraduat e English-Frenc h bilinguals ,  whos e nativ e 
languag e wa s English ,  bu t  w h o ha d studie d Frenc h a t  leas t 
unti l  ag e 18 .  Hal f  o f  th e subject s wer e als o studyin g Frenc h 

at  undergraduat e level ^  I n orde r  t o ensur e tha t  subject s di d 
not  develo p a  strateg y base d o n th e orthographi c 
characteristic s o f  stimuli ,  al l  stimul i  forme d 
orthographicall y lega l  string s i n bot h languages . 

Tabl e I  show s th e result s fo r  repetition s o f  Englis h an d 
Frenc h word s eithe r  withi n languag e o r  betwee n languages . 
For  Englis h words ,  i n th e subjects '  dominan t  language , 
withi n languag e repetitio n cause d th e expecte d primin g 
effec t  (5 6 msec ,  p=0.031) .  O n th e othe r  hand ,  previe w o f  a n 
Englis h wor d fro m a  Frenc h languag e contex t  di d no t  caus e 
any facilitatio n a t  al l  (p>0.5) .  Fo r  French ,  th e subjects ' 
weake r  language ,  withi n languag e repetitio n agai n cause d 
th e expecte d primin g effec t  (9 5 msec ,  p<0.001) .  O n thi s 
occasion ,  previe w o f  a  Frenc h wor d from  a n Englis h 
languag e contex t  di d caus e a  significan t  facilitatio n effec t 
(5 3 msec ,  p=0.035) ,  bu t  a  smalle r  effec t  tha n th e withi n 
languag e repetition .  Overall ,  betwee n languag e primin g 
effect s wer e significantl y smalle r  tha n withi n languag e 
effect s (simpl e factoria l  anova ,  F (  1,3)=4.39 ,  p=0.036) . 

Table 1: Within and between language word repetition. 

l-nglis h words . 

Presentatio n contex t 
Prim e targe t 

Englis h Englvi h 
Frenc h Englis h 

Respons e Tim e (msecs ) 
Unprime d Prime d 

63 0 57 4 
63 0 64 6 

DitT . 

56 
-1 6 

t-tes t 
p-valu e 
0.03 1 
0.5S 9 

Frenc h word s 

Presentatio n contex t 
Prim e Targe t 

French  Frenc h 
Englis h Frenc h 

Respons e Tim e (msecs ) 
Unprime d Prime d 

66 9 57 4 
66 9 61 7 

Diff . 

95 
53 

t-tes t 
p-valu e 
0.00 0 
0.03 5 

I n term s o f  th e dua l  rout e model ,  th e simples t 
interpretatio n o f  thes e result s i s tha t  recognitio n i n L I  i s 
associate d wit h som e limite d paralle l  acces s o f  th e L 2 
lexicon ,  bu t  tha t  recognitio n i n L 2 i s no t  associate d wit h 
an y paralle l  acces s o f  LI .  However ,  thi s interpretatio n i s 
not  consisten t  wit h th e explanatio n th e dua l  rout e mode l 
give s fo r  a n interferenc e effec t  w e encountere d earlier . 
CristofFanin i  e t  a l  an d Gerar d an d Scarboroug h foun d tha t 
lo w frequency  L 2 cognat e homograph s experience d a 
facilitatio n effec t  i n th e lexica l  decisio n tas k compare d t o 
matche d words .  Fo r  th e dua l  rout e model ,  thi s woul d impl y 
that ,  tha t  sinc e th e wor d exist s i n bot h routes ,  durin g 
recognitio n i n L 2 ,  paralle l  acces s o f  L I  i s  indee d require d t o 
produce d th e facilitatio n effect . 

Conclusion. 

Connectionis t  model s o f  bilingua l  wor d recognitio n ar e a n 
excitin g prospect .  I t  i s  clea r  from  th e criteri a reviewe d here , 
tha t  singl e rout e model s i n thi s domai n stil l  mus t  overcom e 
a numbe r  o f  hurdle s t o establis h superiorit y ove r  traditiona l 
dual  rout e accounts .  Nevertheless ,  wit h regar d t o on e 
criterion ,  w e sa w empirica l  evidenc e agains t  a  dua l  rout e 

'  Thes e subject s ma y mor e properl y b e referre d t o a s secon d 
languag e learners ,  bu t  se e discussio n o f  criterio n 3 . 
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accoun t  o f  betwee n rout e interferenc e effects ,  effect s whic h 
singl e rout e model s ca n hancU e wit h ease . 
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