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Abstrac t 

A review of empirical work suggests that the lexical represen-
tation s o f  a  bilingual' s tw o language s ar e independen t  (Smith , 
1991) ,  bu t  ma y als o b e sensitiv e t o betwee n languag e similar -
it y pattern s (e.g .  Cristoffanini ,  Kirsner ,  an d M i  lech ,  1986) . 
Some researcher s hol d tha t  infan t  bilingual s d o no t  initiall y 
differentiat e betwee n thei r  tw o language s (e.g .  Redlinge r  & 
Park ,  1980) .  Ye t  b y th e ag e o f  tw o the y appea r  t o hav e 
acquire d separat e linguisti c system s fo r  eac h languag e (Lanza , 
1992) .  Thi s pape r  explore s th e hypothesi s tha t  th e separatio n 
of  lexica l  representation s i n biUngual s i s a  functiona l  rathe r 
tha n a n architectura l  one .  I t  suggest s tha t  th e separatio n ma y 
be drive n b y difference s i n th e structur e o f  th e inpu t  t o a  com -
m on architectura l  system .  Connectionis t  simulation s ar e pre -
sente d modellin g th e representatio n o f  tw o set s o f  lexica l 
information .  Thes e simulation s explor e th e condition s 
require d t o creat e functionall y independen t  lexica l  representa -
tion s i n a  singl e neura l  network .  I t  i s show n tha t  a  singl e net -
wor k ma y acquir e a  secon d languag e afte r  learnin g a  firs t 
(avoidin g th e traditiona l  proble m o f  catastrophi c interferenc e 
i n thes e networks) .  Furthe r  i t  i s show n tha t  i n a  singl e network , 
th e functiona l  independenc e o f  representation s i s dependen t 
on inter-languag e similarit y patterns .  Th e latte r  findin g i s diffi -
cul t  t o accoun t  fo r  i n a  mode l  tha t  postulate s architecturall y 
separat e lexica l  representations . 

I n t r o d u c t i o n 

Studies involving children learning two languages indicate 

tha t  eve n a s youn g a s tw o year s ol d the y ar e awar e tha t  ther e 

ar e tw o distinc t  language s presen t  i n th e linguisticall y mixe d 

environmen t  t o whic h the y ar e exposed .  Thes e childre n 

acquir e tw o separat e languag e systems ,  an d ca n b e observe d 

t o switc h betwee n th e us e o f  thei r  tw o language s i n a  coher -

ent  fashion ,  dependin g o n th e linguisti c contex t  negotiate d 

wit h thei r  parent s (Lanza ,  1992) .  Adul t  bilingual s sho w a 

hig h degre e o f  skil l  i n usin g eithe r  o f  thei r  integrate d lan -

guag e systems ,  appearin g t o b e abl e t o se t  asid e on e o f  thei r 

system s whil e operatin g i n th e other .  T h e impressio n i n bot h 

of  thes e case s i s o f  functionall y separat e languag e systems . 

Researc h i n th e languag e processin g o f  adul t  bilingual s 

has investigate d h o w th e bilingual' s tw o languag e system s 

m ay b e represente d i n hi s o r  he r  cognitiv e system .  Ther e ar e 

severa l  theorie s a s t o th e relatio n o f  th e tw o systems ,  bu t  th e 

majorit y vie w i s  tha t  ther e ar e separat e lexica l  representa -

tion s fo r  eac h language ,  bu t  combine d semanti c represen -

tation s (se e Smith ,  1991 ,  fo r  a  review) .  T h e evidenc e fo r 

thi s vie w come s mainl y fro m repetitio n an d semanti c 

primin g effects .  Repetitio n primin g effect s ar e obtaine d 

fro m task s suc h a s lexica l  decision ,  wor d fragmen t  com -

pletion ,  an d perceptua l  identification .  Semanti c primin g 

effect s c o m e mainl y fro m recal l  performanc e an d classifi -

catio n tasks .  Conclusion s ar e base d o n th e assumptio n tha t 

i f  on e tas k serve s a s a  prim e fo r  a  second ,  the n i t  i s access -

in g th e sam e underlyin g representation .  Althoug h findings 

ar e mixed ,  suggestin g a  sensitivit y t o experimenta l  condi -

tion s an d tas k desig n (Durgunogl u an d Roediger ,  1987) ,  i t 

appear s tha t  task s whic h acces s semanti c representation s 

allo w primin g betwee n th e bilingual' s tw o language s (e.g . 

Caramazz a an d Brones ,  1980 ;  Koler s an d Gonzalez ,  1980 ; 

MacLeod ,  1976) ,  bu t  thos e tha t  access  lexica l  informatio n 

alon e allo w onl y primin g withi n eac h languag e (e.g .  Scar -

borough ,  Gerard ,  an d Cortese ,  1984 ;  Watkin s an d Peynir -

cioglu ,  1983) .  Fo r  example ,  i n th e cas e o f  a  French -

Englis h bilingual ,  i f  i n som e task .  M e n wer e followe d b y 

dog ,  th e respons e tim e t o do g woul d b e reduce d i f  th e tas k 

involved ,  say ,  semanti c classification ,  bu t  no t  i f  i t 

involved ,  say ,  lexica l  decision . 

Ther e i s als o evidenc e t o sugges t  tha t  wor d similarit y 

play s a  rol e i n bilingua l  lexica l  processing .  Fo r  example ,  i f 

a wor d exist s i n bot h language s (suc h a s pai n i n Frenc h 

and English )  o r  i s morphologicall y simila r  i n eac h lan -

guage ,  betwee n languag e primin g effect s hav e bee n foun d 

(Cristoffanini ,  Kirsner ,  an d Milech ,  1986 ;  Gerar d an d 

Scarborough ,  1989 ;  Kerkman ,  1984) .  Betwee n languag e 

interferenc e a t  th e lexica l  leve l  ha s bee n foun d fo r  word s 

tha t  ar e lega l  i n bot h language s bu t  no t  fo r  thos e tha t  hav e 

characteristic s uniqu e t o eac h languag e (Grainge r  an d 

Beauvillain ,  1987) .  Thi s evidenc e implie s tha t  th e lexica l 

representation s o f  eac h languag e m a y no t  b e a s distinc t  a s 

previousl y thought . 

I n thi s paper ,  w e wil l  explor e th e hypothesi s tha t  bilin -

gua l  lexica l  representatio n i s bes t  accounte d fo r  usin g a 

model  tha t  store s bot h language s i n a  singl e network . 

Recen t  wor k withi n th e connectionis t  framewor k ha s 

show n tha t  a  functiona l  separatio n i n psycholinguisti c  pro -

cessin g nee d no t  b e take n t o impl y separatio n a t  th e leve l 
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of  mechanis m (Rumelhar t  an d McClelland ,  1986 ;  Plunket t 

and Marchman ,  1993) .  Here ,  w e examin e th e possibilit y  that , 

fo r  bilinguals ,  th e descriptio n o f  thei r  overal l  languag e sys -

te m a s havin g tw o lexicon s m a y merel y b e a  functiona l  one , 

and tha t  th e evidenc e t o dat e nee d no t  necessaril y  impl y th e 

existenc e o f  tw o physicall y separat e structures .  W e wil l 

sho w that : 

1.  T w o set s o f  lexica l  informatio n ca n b e store d i n th e 

same network ,  eve n whe n trainin g o n th e secon d se t 

follow s tha t  o n th e first  (modellin g th e cas e o f  sec -

on d languag e acquisition) . 

2.  Secon d languag e learnin g i n a  singl e networ k 

devic e ca n b e achieve d withou t  catastrophi c inter -

ferenc e fro m th e secon d language . 

3.  Th e networ k i s sensitiv e t o th e similarit y o f  word s 

i n th e tw o languages .  Word s tha t  ar e dissimila r 

sho w mor e functiona l  independenc e tha n thos e tha t 

ar e similar . 

Learning two lexicons in a single network. 

The independence of the representations underlying lexical 

processin g implie s tha t  ther e i s n o interferenc e betwee n 

thes e representations .  Learnin g independen t  representation s 

i s easil y achieve d i n a  neura l  networ k b y trainin g o n simulta -

neousl y presente d orthogona l  language s (i.e .  thos e whic h 

hav e n o feature s i n c o m m o n ) .  Howeve r  i n th e cas e o f  secon d 

languag e learning ,  wher e exposur e t o th e secon d languag e 

occur s onl y afte r  th e first  ha s bee n learned ,  neura l  network s 

experienc e th e proble m o f  CatasU-ophi c Interferenc e (CI) .  I f 

trainin g o n on e se t  o f  pattern s cease s an d trainin g o n anothe r 

inconsisten t  se t  commences ,  informatio n abou t  th e first  se t 

may b e overwritten .  Thi s disruptio n occur s sinc e th e sam e 

connectio n weight s ar e require d t o d o a  differen t  jo b i n 

learnin g th e mapping s fo r  eac h patter n set .  Wit h simultane -

ous training ,  th e networ k ha s th e opportunit y t o find a  se t  o f 

weight s tha t  ca n d o bot h jobs .  Bu t  wit h sequentia l  training , 

th e connection s responsibl e fo r  learnin g th e first  se t  ar e 

change d s o tha t  the y ca n lear n th e second ,  an d thi s m a y dam -

age th e network' s performanc e o n th e first  set .  I n term s o f 

lexica l  representation ,  C I  woul d translat e int o a  secon d lan -

guag e learne r  overwritin g thei r  first  languag e wit h thei r  sec -

ond ,  whic h clearl y doe s no t  happen . 

Standar d solution s t o C I  hav e involve d orthogonalizin g 

th e representation s fo r  eac h input/outpu t  mapping ,  s o tha t 

the y n o longe r  us e th e sam e connections .  Eac h ne w mappin g 

can b e learne d separatel y withou t  disruptin g an y tha t  hav e 

been learne d befor e (se e Sharke y &  Sharkey ,  1994 ,  fo r  a 

revie w o f  thes e techniques) .  However ,  suc h solution s canno t 

be learne d usin g a  standar d backpropagatio n network ,  an d 

mor e seriously ,  th e abilit y  o f  thes e network s t o generaliz e 

betwee n pattern s i s lost .  I t  i s  importan t  t o retai n th e generali -
zatio n betwee n pattern s i f  w e ar e t o captur e th e empirica l 

dat a o n lexica l  processing .  W e requir e anothe r  solutio n t o C I 

tha t  preserve s generalizatio n withi n lexicon s bu t  no t  betwee n 

them . 

A Dua l  Rout e Mode l . 

Withi n lexico n generalizatio n woul d b e eas y t o achiev e i n a 

dual  rout e model .  A  separat e networ k woul d b e devote d t o 

th e representatio n o f  eac h lexicon .  Generalizatio n woul d 

occu r  withi n eac h route ,  bu t  sinc e th e route s wer e physicall y 

separated ,  n o generalizatio n woul d tak e plac e betwee n th e 

lexicons .  A  simpl e dua l  rout e model ,  however ,  fail s  t o cap -

tur e importan t  characteristic s o f  th e data ,  namel y tha t  inter -

languag e similarit y i s significan t  i n establishin g th e inde -

pendenc e o f  th e representations .  Furthermore ,  ft-om  th e per -

spectiv e o f  bilingua l  acquisition ,  n o accoun t  i s provide d o f 

h o w th e chil d discover s tha t  ther e ar e tw o language s i n it s 

linguisti c environmen t  an d henc e determine s th e nee d fo r  a 

dual-rout e representation . 

M a ny researcher s hol d tha t  infan t  bilingual s d o no t  ini -

tiall y  differentiat e th e tw o language s (e.g .  Redlinge r  an d 

Park ,  1980 ;  Vihman ,  1985) .  Th e one-syste m vie w o f  bilin -

gual  developmen t  suppose s tha t  th e bilingua l  chil d mus t 

underg o a  proces s o f  languag e differentiatio n throug h whic h 

tw o separat e linguisti c system s ar e graduall y formed .  I f  a 

chil d i s t o assig n tw o route s t o it s syste m a t  a  poin t  whe n i t 

detect s tha t  ther e ar e tw o language s present ,  i t  woul d nee d 

hav e som e firm  basi s o n whic h t o m a k e suc h a  judgement . 

Th e chil d shoul d not ,  fo r  instance ,  assig n tw o route s t o it s 

syste m merel y becaus e it s parent s hav e differen t  accents ,  o r 

slightl y differen t  vocabularies .  Ye t  i t  must ,  i f  the y ar e usin g 

differen t  languages .  Identifyin g th e presenc e o f  tw o (o r  fo r 

tha t  matte r  three )  language s i s no t  a  trivia l  matter ,  especiall y 

i f  the y ar e closel y related .  Th e decisio n t o construc t  multipl e 

lexica l  representation s would ,  therefore ,  appea r  t o b e contin -

gent  upo n a  carefu l  analysi s o f  th e characteristic s o f  th e 

ambien t  linguisti c environment . 

Th e one-syste m vie w o f  bilingua l  developmen t  could ,  o n 

th e othe r  hand ,  b e take n t o sugges t  tha t  th e chil d start s ou t 

wit h a  singl e mechanis m underlyin g it s languag e learning , 

but  tha t  thi s mechanis m develop s representation s whic h 

come t o exhibi t  functiona l  independence . 

A Single Route Model. 

A singl e rout e mode l  o f  bilingua l  an d lexica l  representatio n 

woul d suppos e tha t  a  singl e mechanis m underlie s lexica l 

processin g i n bot h childre n an d adults .  I n th e child ,  a  singl e 

rout e mode l  nee d m a k e n o assumption s abou t  differentiatio n 

of  th e tw o language s a t  th e onse t  o f  learning .  Initially ,  th e 

language s ar e treate d i n a n identica l  fashio n an d ar e onl y dif -

ferentiate d b y learnin g th e patter n o f  characteristic s uniqu e 

t o eac h language .  Thi s suggest s tha t  th e separatio n o f  repre -

sentation s m a y b e drive n b y difference s i n th e structur e o f 

th e inpu t  t o a  c o m m o n architectura l  system .  I n th e adult ,  th e 

bilingua l  lexicon s m a y hav e achieve d a  statu s o f  functiona l 

modularit y withi n th e singl e mechanis m thoug h residua l  pat -

tern s o f  interferenc e betwee n th e tw o language s m a y b e 

observe d fo r  item s tha t  ar e simila r  i n bot h linguisti c systems . 

The issu e a s t o whethe r  singl e o r  dua l  mechanism s ar e 

involve d i n bilingua l  languag e processin g i s no t  merel y a 
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theoretica l  nicety .  Eac h accoun t  ha s differen t  implication s 

fo r  ou r  understandin g o f  h o w language s ar e learne d an d fo r 

th e pattern s o f  error s an d master y observe d e n rout e t o th e 

matur e adul t  system .  Eve n i n th e matur e adul t  state ,  residua l 

trace s o f  th e mouldin g force s o f  developmen t  ca n stil l  b e 

observe d an d use d t o reconstruc t  tha t  process . 

Simulations. 

Two simulations are presented in this paper. The first simula-

tio n demonstrate s tha t  a  singl e networ k ca n stor e informatio n 

abou t  tw o separat e lexicon s eve n whe n trainin g o n th e sec -

on d lexico n follow s tha t  o n th e first.  I n effect ,  thi s simulatio n 

offer s a  solutio n t o th e proble m o f  C I  betwee n distinc t  train -

in g set s i n a  network ,  whil e maintainin g th e desirabl e prop -

ert y o f  generalizatio n withi n a  trainin g set .  Th e solutio n 

require s n o domai n specifi c  modification s t o th e backpropa -

gatio n algorithm .  Th e secon d simulatio n addresse s th e prob -

le m o f  simultaneou s acquisitio n o f  tw o partiall y  overlappin g 

lexica l  systems .  I t  demonstrate s h o w th e functiona l  inde -

pendenc e o f  lexica l  item s depend s o n thei r  inter-languag e 

similarity .  I t  i s  argue d tha t  thes e result s offe r  a  plausibl e sim -

ulatio n o f  pattern s o f  lexica l  primin g i n adul t  bilingual s an d 

languag e differentiatio n i n th e languag e learner . 

Architecture. 

Th e simulation s use d 3-laye r  feedforwar d networks ,  traine d 

usin g th e backpropagatio n algorithm .  Th e network s wer e se t 

th e tas k o f  autoencodin g tw o set s o f  language-lik e informa -

tion .  I n th e autoencodin g task ,  a  networ k usuall y ha s fewe r 

hidde n unit s tha n inpu t  o r  outpu t  units .  Thi s hidde n uni t  'bot -

deneck '  force s th e networ k t o creat e a  mor e efficien t  repre -

sentatio n o f  th e set s o f  inpu t  pattern s b y removin g 

unnecessar y redundancies .  I f  th e networ k i s require d t o lear n 

tw o inpu t  sets ,  i t  mus t  therefor e discove r  th e feature s tha t 

characteriz e bot h thos e inpu t  sets . 

IVaining sets. 

T wo set s o f  item s wer e constructe d fo r  eac h simulation ,  cor -

respondin g t o th e lexica l  representation s o f  simpl e word s i n 

differen t  languages.  Th e inpu t  set s wer e constructe d usin g 

orthogona l  representation s fo r  th e encodin g o f  individua l 

lexica l  constituents .  Thi s for m o f  representatio n provide d a 

stringen t  metho d fo r  controllin g wor d similarit y i n eac h pai r 

of  languages .  Th e orthogona l  wor d constituent s ca n b e 

though t  o f  a s correspondin g t o eithe r  letter s o r  phonemes . 

Eac h languag e wa s define d i n term s o f  it s  o w n se t  o f 

orthographic/phonologica l  rules .  Th e constituent s wer e clas -

sifie d a s consonant s o r  vowels .  Onl y certai n combination s o f 

consonant s an d vowel s wer e permissibl e i n eac h language . 

Thes e rule s wer e the n use d t o generat e token s i n th e lan -

guage .  Th e word s wer e 3  letters/phoneme s lon g wit h a 

choic e o f  1 0 letters/phoneme s i n eac h position .  Sinc e w e 

use d a n orthogona l  representatio n fo r  th e letters/phonemes , 

th e networ k require d 3 0 inpu t  an d outpu t  unit s t o cod e th e 

lexica l  information . 

Languag e Specifi c  Units . 

Bilingual s ca n selectivel y acces s informatio n abou t  eithe r  o f 

thei r  tw o languages .  I f  tw o language s ar e t o b e store d i n a 

singl e network ,  informatio n specifyin g languag e member -

shi p mus t  therefor e b e associate d wit h eac h item .  W e ca n 

thin k o f  eac h ite m a s bein g lagge d fo r  membershi p i n a  lan -

guag e o n th e basi s o f  languag e specifi c  feature s availabl e t o 

th e languag e learner .  Fo r  example ,  i n spoke n Frenc h ther e i s 

a tendenc y t o nasaliz e phonemes ,  an d Chines e i s a  tona l  lan -

guage . 

Th e informatio n whic h distinguishe s th e tw o language s i s 

presente d t o th e networ k o n a n extr a se t  o f  Languag e Spe -

cifi c  Inpu t  Units .  Sinc e th e tas k i s autoencoding ,  ther e i s a 

correspondin g se t  o f  outpu t  units .  T w o orthogona l  vector s 

ar e use d t o represen t  thi s information .  Fo r  example ,  i f  ther e 

wer e tw o Languag e Specifi c  Units ,  a  vecto r  o f  (1 ,  0 )  migh t 

inde x on e language ,  an d a  vecto r  o f  (0 ,  1 )  th e other .  Figur e 1 

shows th e networ k architecture . 

Word Outpu t  Unit s Languag e Specifi c  Unit s 

Hidde n Unit s 

f  Wor d Inpu t  Unit s Languag e Specifi c  Unit s j 
V y 

Figur e 1 :  Networ k Architecture . 

Simulation 1. 

Modelling second language acquisition in a single network 

demands tha t  w e avoi d disruptio n o f  th e performanc e o n th e 

first  inpu t  se t  b y trainin g o n th e second .  Thi s disruptio n i s 

maximize d whe n n o informatio n learne d durin g trainin g o n 

th e first  se t  i s  usefu l  i n learnin g th e secon d set .  Ther e i s n o 

advantag e fo r  th e networ k t o retai n informatio n abou t  th e 

first  inpu t  set ,  s o th e connection s ar e change d maximall y t o 

lear n th e secon d set .  Simulatio n 1  explore d th e effec t  o f  var -

yin g th e amoun t  o f  languag e taggin g informatio n availabl e 

t o th e network .  Thi s manipulatio n provide d th e opportunit y 

t o evaluat e th e relativ e succes s o f  secon d languag e acquisi -

tio n unde r  condition s wher e inter-languag e difference s coul d 

be easil y quantified . 

To mode l  th e hardes t  cas e fo r  secon d languag e acquisition , 

tw o language s wer e constructe d whic h wer e base d o n th e 

same orthographic/phonologica l  rule s bu t  whic h use d differ -

ent  letters/phonemes .  Eac h languag e comprise d 3 2 words . 

Th e rule s an d alphabet s use d ar e show n i n Figur e 2 .  Th e net -

wor k ha d th e architectur e show n i n Figur e 1 ,  wit h 2 0 hidde n 

unit s use d t o enforc e th e representationa l  bottleneck . 

Th e networ k wa s traine d t o autoassociat e th e word s i n LI . 

W h en th e erro r  asymptoted ,  trainin g o n L I  ceased ,  an d train -

in g o n L 2 commenced .  Th e mea n square d erro r  o n th e Wor d 

Outpu t  Unit s (se e Figur e 1 )  wa s measure d fo r  eac h languag e 
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2 Languag e Specifi c  Unit s 1 6 Languag e Specifi c  Unit s 3 0 Languag e Specifi c  Unit s 6 0 Languag e Specifi c  Unit s 
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(a )  (b )  (c )  (d ) 
Figur e 3 :  Graph s a )  t o d )  sho w th e eUminatio n o f  Catastrophi c Interferenc e a s th e numbe r  o f  Languag e Specifi c  Unit s i s 
increase d 

throughou t  thi s process .  Simulation s wer e repeate d a t  fou r 

level s o f  languag e specifi c  tagging ,  namel y wher e th e 

number  o f  unit s taggin g eac h languag e wa s 7 ,  8 ,  15 ,  an d 30 . 

LI :  L2 : 
Alphabet :  Alphabet : 
Vowels :  o ,  i .  Vowels :  a ,  e . 

Consonants :  f ,  p ,  g .  Consonants :  b ,  t ,  c 

Rules :  CVV ,  CVC,  VCV,  V V C 

Figur e 2 :  Language s use d i n Simulatio n 1 . 

Results. 

The resultin g learnin g profile s ar e show n i n Figur e 3a )  t o d) . 

Each figure  plot s th e mea n square d erro r  o n th e Wor d Outpu t 

Unit s fo r  al l  item s i n a  trainin g set ,  wit h th e erro r  fo r  eac h 

languag e plotte d separately .  Figur e 3a )  show s th e erro r  fo r 

eac h languag e whe n th e numbe r  o f  languag e separatin g unit s 

i s se t  t o two .  L I  improve s i n performanc e unti l  i t  i s  virtuall y 

erro r  free .  W h e n trainin g o n th e first  languag e cease s an d th e 

secon d languag e i s introduce d (afte r  50 0 epoch s o f  learning) , 

th e erro r  o n L I  increase s whil e tha t  o n L 2 graduall y disap -

pears .  I n othe r  word s w e observ e catastrophi c interferenc e 

fro m L 2 o n LI .  However ,  a s th e numbe r  o f  languag e specifi c 

unit s i s increased ,  a s show n i n Figur e 3b )  t o Figur e 3d) ,  ther e 

i s a  decreasin g leve l  o f  catastrophi c interferenc e fi-om  L 2 o n 

LI  durin g th e secon d phas e o f  training .  B y th e tim e th e 

number  o f  languag e specifi c  unit s reache s 3 0 pe r  language , 

th e catastrophi c interferenc e ha s disappeared . 

Discussion. 

Thes e result s sho w tha t  a  singl e networ k ca n lear n tw o lexi -

con s whe n trainin g o n th e secon d follow s tha t  o n th e first, 

provide d ther e i s sufficien t  languag e specifi c  informatio n t o 

separat e th e languages . 

Increasin g th e amoun t  o f  languag e specifi c  informatio n 

eliminate s catastrophi c interferenc e becaus e i t  allow s th e 

backpropagatio n algorith m greate r  scop e t o develo p orthog -

onal  interna l  representation s fo r  eac h language .  Th e lan -

guag e specifi c  informatio n tha t  tag s languag e membershi p 

biase s th e network' s interpretatio n o f  th e inpu t  set s s o tha t 

th e representation s i t  form s fo r  eac h ar e quit e different .  Sinc e 

thes e representation s ar e different ,  th e weight s fro m whic h 

the y emerg e ten d t o b e different :  trainin g o n L 2 n o longe r 

tend s t o chang e weight s tha t  contai n informatio n abou t  L I .  I f 

on e imagine s th e networ k definin g a  representationa l  space , 

the n th e bia s tha t  th e languag e specifi c  informatio n provide s 

allow s th e networ k t o partitio n thi s spac e an d plac e eac h lan -

guag e i n a  differen t  partition . 

Althoug h th e representationa l  resource s t o avoi d cata -

strophi c interferenc e ar e costly ,  ther e i s  littl e evidenc e t o 

sugges t  tha t  th e neura l  substrat e fo r  languag e acquisitio n i s a 

limitin g factor .  Fo r  example ,  ther e i s evidenc e tha t  childre n 

hav e u p t o 5 0 % mor e brai n cel l  connection s tha n adult s (Col -

lin s & K u c z a j ,  1991 ,  p.50) . 

Th e simulatio n outline d her e depict s th e mos t  extrem e 

cas e o f  secon d languag e acquisition ,  wher e learnin g th e sec -

on d languag e occur s withou t  an y furthe r  exposur e t o th e first 

language .  Secon d languag e acquisitio n occur s mor e ofte n i n 

th e contex t  o f  continue d first  languag e usage ,  servin g a s 

additiona l  languag e exposur e rathe r  tha n a s a  replacement . 
Thi s simulatio n show s tha t  catastrophi c interferenc e i s 

avoidabl e i n th e mos t  extrem e case .  Th e mor e usua l  cas e 

woul d b e easie r  fo r  th e networ k t o solve ,  sinc e inpu t  set s 

woul d b e traine d wit h a n elemen t  o f  simultaneity . 

Th e simulatio n doe s not ,  however ,  offe r  u s th e opportunit y 

t o examin e th e rol e o f  inter-languag e similarit y i n bilingua l 

languag e processing ,  sinc e b y desig n ther e i s n o similarit y 

betwee n th e language s a t  all .  Thi s wa s th e goa l  o f  th e nex t 

simulation . 

Simulation 2. 

This simulation demonstrates two points. Firstly, similarity 

i s importan t  i n establishin g th e independenc e o f  lexica l  rep -

resentation s i n a  singl e network .  Secondly ,  a s wel l  a s simu -

latin g dat a difficul t  t o accoun t  fo r  i n th e simpl e dua l  rout e 

approach ,  a  singl e networ k simulate s h u m a n dat a previousl y 

take n a s stron g evidenc e o f  separat e lexica l  representations . 

Similarity Effects. 

T wo language s wer e constructe d whic h share d th e sam e let -

ters/phoneme s an d 3  ou t  o f  4  orthographic/phonologica l 
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rules .  T h e rule s ar e s h o w n i n Figur e 4 .  W o r d s i n eac h lan -

guag e coul d b e categorize d int o thre e classe s i n th e follow -

in g w a y : 

(1 )  T h o s e tha t  exis t  i n bot h languages . 

(2 )  T h o s e tha t  ar e lega l  i n bot h language s bu t  exis t  i n 

onl y on e language . 

(3 )  T h o s e tha t  exis t  an d ar e lega l  i n onl y on e language . 

E x a m p l e s take n f ro m Frenc h an d Englis h fulfillin g thes e cri -

teri a ar e (1 )  pai n &  pain ,  (2 )  tro p &  time ,  an d (3 )  soeu r  & 

coug h respectively .  Th e wor d classe s wer e constructe d t o 

reflec t  a  similarit y gradien t  betwee n th e languages . 

Eac h languag e comprise d 7 8 words .  Th e networ k wa s 

traine d o n bot h languages  simultaneously .  T o reflec t  th e 

greate r  similarit y o f  th e languages ,  onl y eigh t  unit s wer e 

use d t o cod e th e languag e specifi c  information .  I n orde r  t o 

stor e th e greate r  numbe r  o f  patterns ,  4 5 hidde n unit s wer e 

used' . 

Alphabet:Vowels :  a ,  e ,  i ,  o ,  u .  Consonants :  s ,  t ,  b ,  g ,  p . 

L I  Rules :  L 2 Rules : 

c w ,  cvc ,  vcv ,  w c .  cvv ,  cvc ,  vcc ,  w c . 

H i g h frequency :  4  duplication s i n th e inpu t  set . 
L o w frequency :  1  toke n i n th e inpu t  set . 

Figur e 4 :  Language s use d i n Simulatio n 2 . 

Results. 

Figur e 5a )  summar ize s h o w th e networ k represent s word s 

f ro m th e thre e classe s outline d above .  T h e hidde n uni t  acti -

vatio n obtaine d w h e n a  w o r d i s  presente d t o th e networ k 

m ay b e though t  o f  a s a  poin t  i n representationa l  space .  Fo r 

eac h class ,  th e hidde n uni t  activation s fo r  al l  th e word s i n 

tha t  clas s wer e average d togethe r  t o defin e it s  'centr e o f 

gravity '  i n representationa l  space .  Thi s grap h s h o w s th e dis -

tanc e be twee n th e centre s o f  gravit y fo r  th e s a m e classe s i n 

eac h language .  I t  s h o w s tha t  word s tha t  exis t  i n bot h lan -

guage s (Clas s 1 )  ar e closes t  togethe r  i n thi s space .  W o r d s 

tha t  exis t  an d ar e lega l  i n onl y on e languag e (Clas s 3 )  ar e 

10.5 -

_1. 2 

s 
i0,8 -

•  0. 6 

Q Singl e 

Clas s 1  Clas s 2  Clas s 3 
Word Clas s 

(a ) 

Hig h Lo w 
Frequenc y 

(b ) 

Figur e 5 :  a )  Distanc e betwee n W o r d Classes ;  b )  Clas s 1 : 

Erro r  b y frequenc y 

1.  Othe r  simulation s indicate d tha t  increasin g th e numbe r  o f  hidde n 
unit s actuall y serve d t o partitio n th e representationa l  spac e les s 
adequately .  Greate r  number s o f  hidde n unit s le d t o th e language s 
bein g les s separate d i n thi s space ,  an d thu s les s independent . 

furthes t  apart .  W o r d s tha t  exis t  i n on e languag e bu t  ar e lega l 

i n th e othe r  (Clas s 2 )  represen t  a n intermediat e case . 

Discussion. 

Studie s tha t  hav e investigate d bilingua l  lexica l  representa -

tio n (an d th e importanc e o f  similarit y i n processing )  hav e 

use d primin g paradigms .  I n th e contex t  o f  th e networ k m o d -

el s employe d here ,  primin g m a y b e though t  o f  a s activatio n 

persistin g i n a  network .  T h e m o r e simila r  th e activatio n i s 

betwee n tw o words ,  th e m o r e likel y i t  i s  tha t  activatio n per -

sistin g fro m processin g on e w o r d wil l  facilitat e processin g o f 

th e nex t  word ,  an d therefor e serv e a s a  pr im e fo r  th e nex t 

word .  T h e distanc e betwee n tw o point s i n representationa l 

spac e i s a  measur e o f  th e similarit y o f  t w o pattern s o f  activa -

tion .  Figur e 5a )  ca n therefor e b e interprete d a s a  measur e o f 

th e degre e t o whic h word s withi n a  clas s wil l  pr im e word s i n 

th e s a m e clas s i n th e othe r  language . 

Recal l  tha t  i n experiment s usin g th e lexica l  decisio n task , 

primin g betwee n language s w a s foun d fo r  word s tha t  existe d 

i n bot h languages ,  i.e .  Clas s 1  word s (e.g .  Gerar d an d Scar -

borough ,  1989) .  Cristoffanin i  e t  a l  (1986 )  foun d betwee n 

languag e primin g t o a  slightl y lesse r  degre e fo r  morphologi -

call y simila r  bu t  no t  identica l  words ,  correspondin g t o Clas s 

2 words .  Scarboroug h e t  a l  (1984 )  foun d n o primin g fo r 

orthographicall y distinc t  translatio n equivalents ,  correspond -

in g roughl y t o Clas s 3  words . 

Thi s simulatio n s h o w s tha t  th e similarit y gradien t  i n th e 

inpu t  betwee n th e language s translate s int o th e functiona l 

independenc e o f  th e representations . 

Frequency Effects. 

W o r d s i n Clas s 1  m a y hav e a  differen t  mean in g i n eac h lan -

guag e (fo r  exampl e pai n m e a n s brea d i n French) .  I n suc h 

cases ,  i t  i s  likel y tha t  th e s a m e lexica l  ite m wil l  hav e a  differ -

ent  frequenc y i n eac h language .  Usin g suc h words ,  Gerar d 

an d Scarboroug h (1989 )  s h o w e d tha t  Spanish-Englis h bilin -

gual s responde d i n a  lexica l  decisio n tas k accordin g t o th e 

withi n languag e frequency .  T h e y interprete d thi s evidenc e a s 

favourin g th e v ie w tha t  th e lexica l  representation s fo r  eac h 

wer e independent . 

T o examin e thi s issu e i n th e mode l ,  word s wer e define d a s 

havin g a  hig h o r  lo w frequency .  H ig h frequenc y word s wer e 

presente d t o th e networ k fou r  time s a s ofte n durin g training . 

Fo r  th e word s existin g i n bot h languages ,  hal f  wer e hig h fre -

quenc y i n L I  an d lo w frequenc y i n L 2 ,  th e othe r  hal f  hig h 

frequenc y i n L 2 an d lo w frequenc y i n L I .  I n network s m o d -

ellin g lexica l  representation ,  i t  ha s bee n s h o w n tha t  th e erro r 

scor e whic h result s w h e n a  w o r d i s  presente d t o a  networ k 

m ay i n s o m e circumstance s b e interprete d a s equivalen t  t o a 

subject' s reactio n tim e i n th e lexica l  decisio n tas k (Seiden -

ber g an d McClelland ,  1989) .  I n thi s par t  o f  th e simulation , 

we examine d th e erro r  scor e fo r  word s i n Clas s 1  i n bot h lan -

guages .  A n additiona l  simulatio n w a s performe d i n a n 

attemp t  t o contro l  fo r  absolut e level s o f  erro r  scor e separat -

in g hig h frequenc y an d l o w frequenc y words .  Thi s contro l 
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involve d trainin g eac h languag e o n a  separat e networ k wit h 

30 inpu t  an d outpu t  unit s an d 2 2 hidde n units . 

Results & Discussion. 

Figur e 5b )  show s th e mea n square d erro r  whe n th e networ k 

was teste d o n th e Clas s 1  words ,  spli t  b y frequency .  Sinc e 

bot h language s sho w th e sam e patter n o f  results ,  w e depic t 

th e erro r  score s fo r  bot h language s average d together .  Th e 

result s from  th e contro l  simulatio n ar e show n o n th e sam e 

graph .  Thi s figur e show s tha t  performanc e o n thes e word s 

varie s wit h withi n languag e frequency .  Lowe r  erro r  score s 

ar e observe d fo r  hig h frequency  words ,  eve n thoug h thes e 

word s hav e th e sam e for m an d ar e store d i n th e sam e net -

work .  Ther e i s onl y a  smal l  differenc e betwee n th e erro r 

score s fo r  th e singl e an d separat e networ k solutions .  W e 

interpre t  th e lowe r  erro r  score s fo r  hig h frequenc y word s a s 

indicatin g faste r  respons e time s t o hig h frequenc y word s 

tha n lo w frequenc y words .  Henc e withi n languag e frequenc y 

effect s ca n b e observe d eve n whe n bot h language s ar e repre -

sente d i n th e sam e device . 

Conclusions. 

In this paper, we have offered a solution to the logical prob-

le m o f  ho w a  chil d ca n simultaneousl y acquir e tw o lan -

guage s withou t  th e nee d fo r  innat e assumption s concernin g 

th e cognitiv e architectur e require d t o represen t  thes e lan -

guages ,  ye t  a s adult s sho w behavio r  suggestin g separat e 

route s fo r  th e processin g o f  lexica l  informatio n i n eac h lan -

guage .  Evidenc e fo r  independen t  lexica l  representation s ma y 

be take n a s a  functiona l  descriptio n o f  th e behavio r  o f  a  sin -

gl e mechanism .  Furthermore ,  secon d languag e acquisitio n 

can b e achieve d i n a  singl e networ k whils t  avoidin g th e 

potentia l  proble m o f  catastrophi c interference .  Importantly , 

th e singl e networ k mode l  ca n accoun t  fo r  dat a tha t  a  simpl e 

dual  rout e mode l  canno t  accoun t  for ,  namel y th e rol e o f  sim -

ilarit y i n lexica l  processing ,  an d ca n als o simulat e sensitivit y 

t o withi n languag e frequency— a findin g tha t  ha s previousl y 

been take n a s stron g evidenc e fo r  separat e lexica l  representa -

tion s i n bilinguals . 
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