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Abstrac t 

Language plays a pervasive role in our day-to-day experience 
and i s likel y t o hav e a n effec t  o n othe r  non-linguisti c aspect s 
of  life .  A t  th e sam e time ,  languag e i s itsel f  constraine d b y th e 
world .  I n thi s pape r  w e stud y thi s interactio n usin g Playpen ,  a 
connectionis t  mode l  o f  th e acquisitio n o f  wor d meaning .  W e 
argu e tha t  th e interactio n betwee n linguisti c an d non-linguisti c 
categorie s depend s o n th e patter n o f  correlation s i n th e worl d 
and o n thei r  relatio n t o th e correlation s define d b y words .  W e 
the n discus s thre e kind s o f  possibl e interaction s an d presen t 
simulation s o f  eac h usin g Playpen ,  a  neural-networ k mode l  o f 
th e acquisitio n o f  wor d meaning . 

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

Languag e play s a  pervasiv e rol e i n ou r  day-to-da y experi -
ence .  Thu s i t  i s n o surpris e tha t  peopl e wonde r  t o wha t  exten t 
languag e i n genera l  an d th e particula r  languag e on e speak s 
affec t  th e res t  o f  ou r  cognitiv e abilities .  Doe s languag e af -
fec t  thought ;  tha t  is ,  d o linguisti c categorie s influenc e genera l 
cognitiv e categories ? M o r e generally ,  h o w d o linguisti c an d 
non-linguisti c categorie s interact ? 

Th e Linguisti c Relativit y Hypothesis ,  associate d mos t 
closel y wit h Benjami n Le e W h o r f  (Whorf ,  1956) ,  concern s 
th e first  question .  T h e claim ,  i n it s stronges t  form ,  i s tha t  lin -
guisti c categorie s exer t  a  direc t  influenc e o n genera l  cognitiv e 
categories .  Sinc e Whorf ,  m a n y researcher s hav e attempte d t o 
find  evidenc e fo r  thi s influenc e (se e Luc y (1996 )  fo r  a  re -
view) ,  bu t  ther e i s a s ye t  n o agreemen t  tha t  th e evidenc e ha s 
bee n found . 

Peopl e hav e usuall y studie d th e effec t  o f  languag e o n cog -
nitio n b y looking  fo r  difference s i n adul t  speaker s o f  differen t 
languages .  Negativ e result s (Rosch ,  1973 ;  Ka y &  McDaniel , 
1978 )  ar e me t  wit h th e argument s tha t  th e experiment s ar e 
biase d toward s Indo-Europea n languages ,  ar e dealin g wit h a 
par t  o f  perceptio n no t  subjec t  t o linguisti c effects ,  o r  involv e 
irrelevan t  languag e distinction s whic h shoul d no t  b e expecte d 
t o hav e a n effec t  i n th e first  place .  Positiv e result s (Carrol l  & 
Casagrande ,  1958 ;  Ka y &  Kempton ,  1984 ;  Bloom ,  1981 )  ar e 
generall y explaine d awa y a s effect s o f  culture ,  biase d stimul i 
or  th e linguisti c natur e o f  th e tas k bein g used . 

M o r e recently ,  linguisti c relativit y ha s bee n studie d i n th e 
contex t  o f  learning ,  an d th e pictur e ther e look s mor e promis -
in g fo r  linguisti c relativity .  I t  ha s bee n show n tha t  th e orde r  i n 
whic h childre n lear n certai n words ,  a s wel l  a s thei r  pattern s 
of  overgeneralization ,  depen d o n th e languag e bein g learne d 
(Brown ,  1994 ;  Bowerman ,  1996) ,  evidenc e fo r  a n effec t  o f 
languag e o n th e res t  o f  cognition .  Thi s i s furthe r  supporte d 
by convergin g evidenc e fro m studie s showin g h o w learnin g 

label s i n th e laborator y ca n affec t  children' s performanc e i n 
task s lik e wor d generalizatio n an d analogica l  proble m solv -
in g (Jone s &  Smith ,  1993 ;  Centner ,  Rattermann ,  Markman ,  & 
Kotovsky ,  1995) .  Othe r  developmenta l  studie s als o sho w par -
allel s betwee n linguisti c an d non-linguisti c performanc e i n 
variou s domain s (Jones ,  Smith ,  Landau ,  &  Gershkoff-Stowe , 
1992 ;  Smit h &  Sera ,  1992) . 

We believ e tha t  learnin g i s th e righ t  plac e t o loo k fo r  rel -
ativisti c  effects ,  bu t  w e als o believ e tha t  th e empirica l  wor k 
on developmen t  mus t  b e supplemente d wit h a  computationa l 
account ,  on e whic h look s a t  h o w th e demand s o f  linguisti c 
and non-linguisti c task s m a y lea d t o long-ter m effects .  I n th e 
pape r  w e presen t  th e beginning s o f  suc h a n account .  I n th e 
nex t  sectio n w e discus s th e rol e o f  correlation s i n th e learnin g 
of  linguisti c an d non-linguisti c categories .  Nex t  w e presen t 
a computationa l  mode l  an d discus s th e result s o f  thre e sim -
ulation s demonstratin g possibl e kind s o f  relativisti c effects . 
Finall y w e conside r  th e implication s o f  th e mode l  fo r  futur e 
researc h o n linguisti c relativity . 

Linguistic and Non-Linguistic Correlations 

We propose that the way linguistic and non-linguistic cate-
gorie s interac t  depend s o n th e natur e o f  th e correlation s i n 
th e worl d an d th e wa y thes e relat e t o th e correlation s i n th e 
language .  Durin g thei r  first  year ,  babie s experienc e th e worl d 
withou t  an y o f  th e biase s tha t  ar e buil t  int o language .  I t 
i s b y n o w clea r  tha t  the y lear n a  grea t  dea l  abou t  h o w th e 
worl d work s durin g thi s tim e (Baillargeon ,  1994 ;  Spelke , 
Breinlinger ,  Macomber ,  &  Jacobson ,  1992) .  O n e aspec t  o f 
thi s learnin g i s th e discover y o f  correlation s betwee n fea -
ture s alon g differen t  dimension s (Younger ,  1990) .  Thes e non -
linguisti c correlation s defin e wha t  w e wil l  cal l  non-linguisti c 
categories .  I n it s secon d year ,  th e chil d begin s t o lear n lan -
guage ,  whic h introduce s it s o w n categories ,  define d i n term s 
of  th e correlation s betwee n word s an d non-linguisti c dimen -
sions .  Th e linguisti c categorie s m a y agre e o r  disagre e wit h 
th e non-linguisti c categories .  Figur e 1  show s som e o f  th e 
ways i n whic h th e tw o sort s o f  categorie s ca n b e relate d t o 
on e another . 

Give n thes e sort s o f  correlations ,  linguisti c an d non -
linguisti c cognitio n coul d interac t  a t  severa l  levels .  First , 
some word s coul d b e rendere d easie r  t o lear n tha n others . 
I n fact ,  som e categorie s o f  word s ar e consistentl y learne d 
befor e others ,  a n effec t  whic h canno t  b e explaine d b y fre -
quency .  Acros s language s noun s ar e learne d befor e verb s 
(Nelson ,  Hampson ,  &  Shaw ,  1993 )  an d instrumen t  verb s ar e 
learne d befor e othe r  verb s (Huttenlocher ,  Smiley ,  &  Char -
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Figur e 1 :  Possibl e correlation s betwee n linguisti c an d non -
linguisti c categories .  Non-linguisti c features ,  represente d b y circles , 
may b e associate d wit h words ,  represente d b y squares ,  i n suc h a 
way tha t  th e word s agre e wit h non-linguisti c categorie s (squiggl y 
pattern) ,  disagre e wit h non-linguisti c categorie s (soli d pattern) ,  sub -
divid e non-linguisti c categorie s (cross-hatche d pattern) ,  o r  combin e 
non-linguisti c categorie s pattern s (diagona l  hatche d pattern) . 

ney ,  1983 ;  Behrend ,  1990) .  Thes e ordering s hav e bee n ex -
plaine d i n term s o f  th e traditiona l  vie w tha t  categorie s ar e 
forme d aroun d stron g correlationa l  structur e (Rosch ,  Mervis , 
Gray ,  Johnson ,  &  Boyes-Braem ,  1976 ;  Kerste n &  Billman , 
1997) .  Thi s strength-of-correlation s accoun t  shoul d als o hol d 
fo r  th e correlation s betwee n word s an d othe r  perceptua l  in -
puts .  Word s tha t  agre e wit h previousl y learne d categorie s 
shoul d b e easie r  t o lear n tha n word s tha t  disagre e wit h them . 

Anothe r  plac e wher e a n effec t  o f  languag e o n cognitio n 
coul d b e foun d i s i n th e highlightin g (o r  downplaying )  o f 
dimension s tha t  ar e relevan t  (o r  irrelevant )  t o th e languag e 
bein g learned .  Thi s effec t  o n attentio n coul d b e show n i n 
bot h linguisti c an d non-linguisti c tasks .  Hun t  an d Agnol i 
(1991 )  sugges t  tha t  learnin g a  languag e tha t  make s a  distinc -
tio n coul d m a k e speaker s o f  tha t  languag e mor e sensitiv e t o 
tha t  distinctio n i n non-linguisti c  tasks ,  a  direc t  effec t  o f  lan -
guag e o n perception . 

An exampl e o f  a  linguisti c tas k wher e effect s o f  languag e 
on attentio n ca n b e observe d i s th e developmen t  o f  th e shap e 
bias .  Childre n a t  aroun d 1 8 month s o f  ag e ten d t o general -
iz e word s t o nove l  object s o f  th e sam e shap e a s th e exemplar , 
rathe r  tha n t o nove l  object s tha t  shar e size ,  colo r  o r  materia l 
wit h th e exemplar .  Becaus e concret e noun s i n mos t  language s 
ar e organize d mainl y i n term s o f  shape ,  thi s attentiona l  bia s 
help s the m generaliz e correctly .  Th e shap e bia s appear s onl y 
afte r  th e chil d ha s learne d roughl y 5 0 nouns ,  mos t  o f  the m 
namin g categorie s o f  thing s tha t  ar e simila r  i n shap e (Jone s 
et  al. ,  1992) .  Thi s suggest s tha t  i t  i s  th e learnin g o f  word s 
tha t  drive s th e learnin g o f  th e bias .  Th e wa y i n whic h th e 
linguisti c categorie s correlat e wit h perceptua l  dimension s ap -
parentl y cause s th e learne r  t o atten d t o particula r  dimensions , 
at  leas t  i n th e contex t  o f  linguisti c tasks . 

A mor e dramati c effec t  o f  languag e woul d b e o n th e natur e 
of  th e non-linguisti c categorie s themselves .  Non-linguisti c 
categorie s ar e buil t  u p ou t  o f  correlation s betwee n percep -
tua l  dimensions .  Linguisti c categorie s m a y agre e wit h thes e 
non-linguisti c correlation s i f  word s correlat e wit h correlatin g 

perceptua l  dimensions .  Alternatively ,  th e non-linguisti c cor -
relation s m a y b e irrelevan t  fo r  th e linguisti c categories .  T h e 
chil d ha s bot h linguisti c an d non-linguisti c task s t o perform . 
I n performin g th e non-linguisti c  tasks ,  th e chil d ca n rel y o n 
non-linguisti c correlations ,  bu t  i f  th e languag e agree s wit h 
thes e correlations ,  sh e ca n rel y o n linguisti c correlation s a s 
well .  O n th e othe r  hand ,  i f  th e non-linguisti c correlation s 
hav e nothin g t o d o wit h th e language ,  non-linguisti c task s ca n 
onl y b e performe d usin g thes e correlations .  Thi s implie s tha t 
th e strengt h o f  th e non-linguisti c correlation s migh t  var y wit h 
th e languages .  Whil e w e k n o w o f  n o direc t  evidenc e fo r  thi s 
possibility ,  th e stron g versio n o f  th e Linguisti c Relativit y Hy -
pothesi s predict s thi s sor t  o f  effec t  m a y b e found . 

I n wha t  follows ,  w e provid e illustration s i n th e mode l  o f 
al l  thre e sort s o f  interactions ,  th e influenc e o f  th e matc h be -
twee n linguisti c an d non-linguisti c categorie s o n th e relativ e 
eas e o f  words ,  th e influenc e o f  linguisti c categorie s o n atten -
tio n t o perceptua l  dimensions ,  an d th e influenc e o f  linguisti c 
categorie s o n th e w a y i n whic h non-linguisti c categorie s ar e 
represented . 

The Model 

Plaype n (Gasse r  &  Colunga ,  1997 )  i s a  connectionis t  mode l 
of  th e acquisitio n o f  wor d meaning .  Fo r  th e purpose s o f  thi s 
paper ,  th e followin g feature s o f  th e mode l  ar e relevant : 

1. The network is a generalization of a continuous Hopfield 
network .  Unit s ar e update d randoml y unti l  th e networ k 
settles . 

2. Network units have relative phase angles in addition to ac-
tivation ,  an d featur e bindin g i s handle d throug h th e syn -
chronizatio n o f  uni t  phas e angles .  Unit s affec t  eac h other' s 
phas e angle s vi a th e weight s o n th e connection s joinin g 
them . 

3. Units are of two types. Micro-object units (MOUs) rep-
resen t  objec t  features .  Micro-relatio n unit s ( M R U s )  rep -
resen t  relation s betwee n th e feature s o f  separat e objects . 
Relatio n word s tak e th e for m o f  M R U s .  Eac h M O U ha s a 
singl e phas e angle ;  eac h M R U ha s tw o phas e angles ,  on e 
fo r  eac h o f  th e object s i t  relates . 

4. Connection weights are adjusted via the contrastive Heb-
bia n learnin g rul e (Movellan ,  1990) . 

5. Non-linguistic features and relation words interact through 
on e o r  mor e intermediat e layer s o f  M R U s . 

Three characteristics of Playpen make it especially well 
suite d t o th e stud y o f  th e interactio n betwee n languag e an d 
perception .  First ,  linguisti c meanin g an d non-linguisti c con -
cept s ar e no t  rigidl y distinguished .  Thi s i s importan t  because , 
i f  w e ar e t o ente r  th e linguisti c relativis m debat e withou t  an y 
biases ,  w e shoul d no t  assum e fro m th e star t  tha t  linguisti c 
and non-linguisti c concept s ar e independent .  Th e mode l  al -
low s correlation s t o develo p i n th e layer s o f  M R U s separatin g 
word s an d non-linguisti c perceptio n a s learnin g take s place , 
and thes e correlation s ca n hav e mor e o r  les s o f  a  linguisti c 
characte r  Second ,  th e mode l  i s designe d t o dea l  wit h rela -
tiona l  knowledge .  Language s var y mor e i n th e wa y i n whic h 
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the y expres s relationa l  informatio n tha n i n th e wa y the y ex -
pres s informatio n abou t  objects ,  s o i t  i s  mor e likel y tha t  ef -
fect s o f  languag e wil l  b e foun d i n relationa l  word s (Centne r 
& Boroditsky ,  1998 )  Whil e w e d o no t  mode l  thes e propertie s 
of  relatio n words ,  the y argu e fo r  focusin g o n relatio n word s 

as a  possibl e sit e o f  relativisti c  effects ,  an d modelin g thes e 
effect s woul d requir e a  syste m capabl e o f  handlin g relations . 
I n particular ,  a  mode l  mus t  b e abl e t o lear n relationa l  cor -

relation s (Gasse r  &  Colunga ,  1998) .  Third ,  th e mode l  ca n 
be "run "  i n bot h th e "comprehension "  an d th e "production " 
directions ,  allowin g fo r  th e possibilit y o f  mutua l  effect s o f 
languag e an d perceptio n o n on e another . 

Experiments 

Th e thre e simulation s w e describ e her e wer e base d o n a  se t 
of  pre-define d correlation s amon g non-linguisti c dimension s 
and correlation s betwee n th e non-linguisti c dimension s an d 
words .  Ther e wer e tw o non-linguisti c dimensions ,  an d rela -
tion s withi n eac h dimensio n correlate d wit h relation s withi n 
th e other .  Tha t  is ,  a  pai r  o f  object s wit h particula r  value s o n 
on e dimensio n tende d t o hav e particula r  value s o n th e other . 
Th e relationa l  correlation s ar e show n i n Figur e 2a . 

Di m 1  Di m 2 AA 

AB 

I  C C '  I 
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BA 
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DD i 

Easy Languag e 
Har d Languag e 

-  -  Wor d 1 
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a 

Figur e 2 :  Correlation s use d i n experiments .  A ,  B ,  C  an d D  repre -
sent  possibl e micro-relation s betwee n feature s o n Dimension s 1  an d 
2.  (a )  Th e micro-relation s ar e associate d wit h eac h othe r  acros s th e 
dimension s i n th e tw o cluster s shown ,  (b )  Possibl e pairing s o f  rela -
tion s o n th e tw o dimension s ar e associate d wit h on e o r  th e othe r  o f 
tw o words .  I n th e Eas y language ,  th e word s agre e wit h th e non -
linguisti c correlations ;  i n th e Har d language ,  th e word s correlat e 
onl y wit h micro-relation s o n Dimensio n 1 . 

We defined two "languages," an Easy language, which 
agree s wit h th e non-linguisti c correlations ,  an d a  Har d lan -
guage ,  whic h disagree s wit h th e non-linguisti c correlations , 
as show n i n Figur e 2b .  Eac h languag e consist s o f  tw o rela -
tiona l  words .  Fo r  th e Eas y language ,  th e categorie s i n th e 
worl d agre e wit h th e categorie s promote d b y th e words .  Tha t 
is ,  eac h o f  th e tw o correlationa l  cluster s existin g i n th e worl d 
i s associate d wit h on e o f  th e word s i n th e language .  Fo r  th e 
Har d language ,  th e word s cu t  acros s th e tw o prelinguisti c cor -
relationa l  cluster s i n suc h a  wa y tha t  th e wor d describin g a 
pai r  o f  value s alon g th e tw o dimension s i s determine d b y th e 
valu e alon g Dimensio n 1  only .  Fo r  example ,  accordin g t o th e 
patter n o f  correlation s betwee n dimension s i n Figur e 2 ,  th e 
pair s o f  value s labele d A - B an d B - A shoul d b e i n th e sam e 
categor y bu t  the y ar e assigne d t o differen t  word s i n th e Har d 
language .  Tha t  is ,  th e valu e alon g Dimensio n 2  i s no t  predic -
tiv e o f  th e linguisti c category . 

Th e architectur e o f  th e network s use d i n thes e simulation s 
i s show n i n Figur e 3 . 

WORDS f " 

O 

micro-relatio n 

uni t 
H IDDEN 

R Us 

micro-objec t 

uni t 

P E R C E P T U AL 

D I M E N S I O NS • 

Dimensio n 1 Dimensio n 2 

Figur e 3 :  Networ k architecture .  Micro-objec t  unit s ar e represente d 
by squares ,  micro-relatio n unit s b y diamonds .  Arrow s indicat e com -
plet e connectivit y betwee n layers .  Eac h Hidde n M R U i s associate d 
wit h a  pai r  o f  Perceptua l  Dimensio n M O U s.  A  possibl e patter n 
acros s th e networ k i s shown .  Darknes s indicate s activation ,  an d ar -
ro w directio n indicate s relativ e phas e angle . 

The networks are trained and tested on two different tasks. 
For  Non-linguisti c Patter n Completion ,  the y ar e presente d 
wit h a  patter n o n on e o f  th e Perceptua l  Dimension s an d ex -
pecte d t o produc e a n appropriat e patter n o n th e other .  (Not e 
tha t  ther e ar e alway s tw o possibilitie s fo r  th e appropriat e pat -
tern. )  Th e networ k ca n lear n t o solv e thi s tas k usin g th e con -
nection s joinin g th e Perceptua l  Dimensio n an d Hidde n Rela -
tio n layer s o r  th e connection s betwee n th e tw o Hidde n Rela -
tio n layers .  Fo r  Production ,  th e network s ar e presente d wit h 
a patter n o n th e Perceptua l  Dimension s an d expecte d t o out -
put  a  word . 

Experiment 1 - Difficulty of languages 

Th e goa l  o f  thi s experimen t  i s t o se e h o w th e differen t  corre -
lationa l  pattern s bot h betwee n dimension s an d wit h th e word s 
affec t  th e difficult y o f  learnin g th e tw o languages .  Th e net -
work s wer e first  traine d i n a  Pre-linguisti c Phas e o n Non -
linguisti c Patter n Completio n alon e fo r  3 0 repetition s o f  th e 
relevan t  trainin g pattern s (epochs) .  Next ,  durin g a  Linguisti c 
Phase ,  Patter n Completio n trainin g wa s discontinued ,  an d th e 
network s wer e traine d o n Productio n fo r  seve n epochs .  W e 
predic t  tha t  th e Eas y languag e wil l  b e learne d faste r  tha n th e 
Har d languag e durin g th e Productio n phas e becaus e th e Eas y 
languag e categorie s agree d wit h th e non-linguisti c categories . 

Durin g th e Pre-linguisti c Phase ,  th e network s mastere d th e 
Patter n Completio n tas k b y learnin g weight s betwee n th e tw o 
Hidde n layer s representin g th e non-linguisti c correlations . 
Result s fo r  th e Linguisti c Phas e ar e show n i n Figur e 4 . 

Th e dat a wer e submitte d t o a  2(Language )  *  7(Epoch )  anal -
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Figur e 4 :  Result s fo r  Experimen t  1 .  Th e Har d languag e i s harde r 
t o lear n tha n th e Eas y language . 

ysi s o f  varianc e fo r  a  mixe d design .  Thi s analysi s reveale d a 
mai n effec t  o f  epoch ,  indicatin g tha t  th e network s ge t  bette r 
as the y receiv e mor e training .  Mo r e importantly ,  a s predicted , 
ther e i s a  mai n effec t  o f  languag e ( p <  .001) .  Thus ,  th e Eas y 
languag e i s learne d faste r  tha n th e Har d language ,  althoug h 
by th e en d o f  th e trainin g th e tw o network s hav e comparabl e 
performance .  N o interaction s betwee n languag e an d epoc h 
wer e found . 

The result s mak e sens e fo r  tw o reasons .  Give n th e corre -
lation s betwee n th e Perceptua l  Dimension s an d th e tw o lan -
guag e situations ,  a  networ k learnin g th e Eas y languag e coul d 
choos e t o atten d t o Dimensio n 1 ,  t o Dimensio n 2 ,  t o bot h 
dimension s o r  eve n t o differen t  dimension s fo r  differen t  val -
ues alon g th e dimensions .  I n contrast ,  t o lear n th e Har d lan -
guag e th e networ k need s t o atten d t o Dimensio n 1  an d ignor e 
Dimensio n 2 .  Sinc e th e spac e o f  possibl e goo d solution s i s 
large r  fo r  th e Eas y tha n fo r  th e Har d language ,  th e word s i n 
th e Har d languag e t o b e harde r  t o lear n tha n th e word s i n th e 
Easy language . 

A secon d reaso n fo r  th e eas e o f  th e Eas y languag e con -
cern s th e effec t  o f  th e non-linguisti c correlation s o n languag e 
learning .  I n th e cas e o f  th e Eas y language ,  learnin g th e righ t 
associatio n betwee n on e perceptua l  inpu t  an d it s correspond -
in g wor d shoul d improv e th e chance s o f  producin g th e righ t 
wor d fo r  th e othe r  instance s o f  tha t  word .  Thi s i s becaus e 
of  th e previousl y existin g correlations .  A t  th e beginnin g o f 
Productio n training ,  an y association s betwee n a  Hidde n uni t 
and th e Wor d laye r  indirectl y affec t  th e othe r  Hidde n unit s 
involve d i n non-linguisti c cluster s wit h tha t  Hidde n unit .  I n 
th e cas e o f  th e Eas y language ,  th e correlation s hel p sinc e lin -
guisti c an d non-linguisti c categorie s agree ;  i n th e cas e o f  th e 
Har d language ,  th e correlation s fai l  t o hel p solv e th e Produc -
tio n task . 

Thi s experimen t  demonstrate d h o w word s ca n diffe r  i n eas e 
of  learnin g t o th e exten t  tha t  the y agre e wit h non-linguisti c 
categories .  Tha t  is ,  give n a  particula r  se t  o f  perceptua l  di -
mensions ,  fo r  example ,  th e se t  o f  dimension s tha t  i s learne d 
relativel y earl y becaus e o f  it s  salienc e o r  importanc e t o th e 
child ,  word s wil l  diffe r  i n th e degre e t o whic h thos e dimen -
sion s defin e them .  A n d thi s differenc e wil l  lea d t o difference s 
i n eas e o f  learning .  Th e compariso n hold s withi n language s 

as wel l  a s acros s languages .  I f  thi s i s  true ,  thi s woul d ex -
plai n th e facilitate d learnin g o f  instrumen t  verb s ove r  othe r 

verbs .  Th e instrumen t  togethe r  wit h th e actio n for m a  tigh t 
correlationa l  cluste r  tha t  i s  likel y t o b e ther e prelinguistically . 
I n contrast ,  fo r  a  mor e abstrac t  verb ,  fo r  example ,  enter ,  a 
chil d woul d hav e t o concentrat e o n th e on e thin g tha t  matter s 
(path )  an d ignor e th e othe r  aspect s o f  th e situatio n t o whic h 
th e wor d applies .  Thi s i s als o consisten t  wit h findings  tha t 
i n Tzeltal ,  a  Maya n languag e wit h a n apparentl y complicate d 
syste m fo r  expressin g spatia l  relations ,  context-specifi c  spa -
tia l  relatio n word s ar e learne d earlie r  tha n th e mor e abstrac t 
spatia l  preposition s (Brown ,  1994) . 

Experiment 2 - Highlighting dimensions 

Th e goa l  o f  th e secon d simulatio n i s t o verif y tha t  th e net -
work s traine d o n th e Har d languag e d o i n fac t  pa y mor e at -
tentio n t o th e relevan t  tha n t o th e irrelevan t  dimension .  T o tes t 
thi s w e presente d th e traine d network s wit h nove l  perceptua l 
inpu t  patterns .  W e predic t  tha t  th e network s traine d o n th e 
Har d languag e wil l  produc e th e wor d whic h i s consisten t  wit h 
th e relevan t  dimensio n (Dimensio n 1) ,  whil e thos e traine d o n 
th e Eas y languag e shoul d sho w n o suc h preference .  Fo r  ex -
ample ,  i n Figur e 2 ,  i f  th e networ k i s give n th e value s fo r  A  i n 
D im l  an d C  i n D i m l ,  th e network s traine d o n th e Har d lan -
guag e shoul d ten d t o outpu t  W o r d I ,  becaus e onl y th e patter n 
on D i m l  (A )  counts .  I n th e sam e situatio n network s traine d 
on th e Eas y languag e coul d outpu t  eithe r  Wor d I  (consisten t 
wit h A A an d A B )  o r  Wor d 2  (consisten t  wit h C C o r  D C ) . 

Network s wer e first  traine d i n th e Pre-linguisti c  Phase ,  the n 
i n th e Linguisti c Phas e fo r  7  epoch s o f  trainin g o n th e Produc -
tio n patterns .  W e wer e onl y concerne d wit h th e performanc e 
followin g thi s training .  T o compar e th e performanc e o f  th e 
networks ,  w e subtracte d th e numbe r  o f  word s agreein g wit h 
Dimensio n 2  fro m th e numbe r  o f  word s agreein g wit h Di -
mensio n 1 .  Thu s a  positiv e resul t  indicate s a  preferenc e fo r 
Dimensio n 1 ,  a  negativ e resul t  a  preferenc e fo r  Dimensio n 2 . 

Th e result s ar e show n i n Figur e 5 .  A  T-tes t  reveale d that , 
as expected ,  th e network s traine d o n th e Eas y languag e ha d 
a differen t  preferenc e patter n fro m thos e traine d o n th e Har d 
language .  I n fact ,  th e network s traine d o n th e Eas y languag e 
showe d n o preferenc e fo r  eithe r  wor d whil e th e network s 
traine d o n th e Har d languag e showe d a  significan t  preferenc e 
fo r  th e word s consisten t  wit h Dimensio n 1 . 

Experiment 3 - Effect of language on non-linguistic 

categorie s 

Th e goa l  o f  Experimen t  3  i s t o determin e whethe r  th e differ -
enc e i n th e tw o language s ca n hav e a n effec t  o n th e wa y i n 
whic h th e networ k learn s th e correlation s betwee n th e Per -
ceptua l  Dimensions .  Durin g pre-linguisti c trainin g i n Ex -
periment s 1  an d 2 ,  th e network s readil y learne d th e weight s 
on th e connection s joinin g th e tw o Hidde n layer s represent -
in g thes e correlations .  Sinc e eac h hidde n uni t  i s  associate d 
wit h a  pai r  o f  value s alon g on e o f  th e Perceptua l  Dimensions , 
thes e weight s ar e easil y interpreted .  Pre-linguisti c trainin g 
result s i n positiv e weight s o n eac h o f  th e connection s joinin g 
Hidden-laye r  M R Us representin g pair s o f  perceptua l  feature s 
whic h correlat e an d negativ e weight s o n th e othe r  connec -
tions .  A s ca n b e see n fro m Figur e 6a ,  ther e ar e eigh t  corre -
latin g pairs ;  henc e eigh t  o f  th e weight s joinin g th e Hidde n 
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Figur e 5 :  Result s fo r  Experimen t  2 .  Th e network s traine d o n th e 
Har d languag e responde d wit h th e wor d consisten t  wit h Dimensio n 
1 9 7 % o f  th e time ,  whil e network s traine d o n th e Eas y languag e 
showed n o preference . 

layer s ar e positive ,  whil e th e othe r  eigh t  weight s ar e negative . 
For  example ,  th e weigh t  o n th e connectio n joinin g th e hidde n 
unit s representin g A  o n Diinensio n 1  an d B  o n Dimensio n 2 
i s positive ,  whil e th e weigh t  fo r  A  o n Dimensio n 1  an d C  o n 
Dimensio n 2  i s negative . 

I n Experimen t  3 ,  rathe r  tha n trainin g th e network s o n th e 
Non-Linguisti c Patter n Completio n tas k befor e trainin g o n 
th e Productio n task ,  w e traine d the m o n th e tw o task s simul -
taneousl y b y alternatin g betwee n th e tw o tasks . 

For  th e Har d network ,  th e tw o task s mus t  b e solve d usin g 
completel y differen t  weights .  T o lear n t o produc e th e cor -
rec t  word ,  th e networ k mus t  rel y o n th e connection s from 
th e Dimensio n 1  Hidde n laye r  t o th e Word s layer .  T o lear n 
t o perfor m th e Patter n Completio n task ,  i t  need s t o lear n th e 
inter-Hidden-laye r  correlatio n weights . 

For  th e Eas y network ,  o n th e othe r  hand ,  becaus e th e lin -
guisti c an d non-linguisti c correlation s agree ,  th e tw o task s 
ca n mak e us e o f  th e sam e weights .  I n particular ,  ther e ar e tw o 
ways i n whic h th e networ k coul d lear n t o solv e th e Patter n 
Completio n task .  I t  coul d mak e us e o f  th e inter-Hidden-laye r 
correlatio n weights ,  a s w e expec t  i n th e Har d network .  Alter -
nately ,  i t  coul d rel y o n th e Hidden-to-Word s connections ,  us -
in g th e wor d a s a  bridg e betwee n th e tw o dimensions .  Thes e 
tw o path s ar e show n i n Figur e 6 .  Becaus e th e Eas y networ k 
ca n perfor m th e Patter n Completio n tas k withou t  th e inter -
Hidden-laye r  weight s i f  i t  ha s th e Hidden-to-Word s weights , 
and becaus e i t  need s th e Hidden-to-Word s weight s anywa y t o 
solv e th e Productio n task ,  w e predic t  th e inter-Hidden-laye r 
correlatio n weight s wil l  b e smalle r  i n th e Eas y tha n i n th e 
Har d network. 

We traine d 1 0 network s eac h o n th e Eas y an d Har d se t 
of  patterns ,  alternatin g Productio n an d Patter n Completio n 
tasks .  Fo r  thi s experiment ,  w e ar e intereste d onl y i n th e inter -
Hidden-laye r  weight s tha t  resulte d durin g training ,  no t  i n th e 
performanc e o f  th e network s o n th e tasks .  Afte r  fou r  epoch s 
of  training ,  w e compare d th e correlatio n weight s fo r  th e A 
and B  inpu t  patterns ,  tha t  is ,  th e A-A ,  A-B ,  B-A ,  an d B- B 
inter-Hidden-laye r  weights ,  fo r  th e Eas y an d Har d networks . 
As w e expected ,  th e weight s i n th e Har d networ k wer e signif -

icantl y large r  ( p <  .02 )  tha n th e weight s i n th e Eas y network . 
Thi s show s tha t  th e natur e o f  th e linguisti c categorie s ca n di -
rectl y influenc e th e weight s representin g th e non-linguisti c 
correlations . 

I n thi s experimen t  w e showe d ho w th e kin d o f  languag e 
bein g learne d ca n affec t  th e wa y th e sam e informatio n i s 
learned .  Mor e importantly ,  th e sam e tas k wa s solve d wit h 
or  withou t  linguisti c knowledg e dependin g o n th e correla -
tio n pattern s betwee n th e word s an d th e world .  Thi s point s 
out  a  flaw  i n on e o f  th e mos t  frequen t  complaint s abou t  rel -
ativis m experiments ,  namel y tha t  wheneve r  a  cross-linguisti c 
differenc e i s found ,  th e tas k i s declare d t o b e linguisti c i n na -
ture .  I n ou r  illustration ,  bot h network s solv e th e sam e tas k 
usin g differen t  part s o f  th e architecture .  Ther e wa s n o be -
haviora l  differenc e betwee n th e tw o network s i n eithe r  o f  th e 
tw o task s the y wer e traine d o n an d ye t  thei r  representatio n o f 
th e knowledg e necessar y t o solv e th e task s wa s different .  W e 
thin k thi s i s a  direc t  effec t  o f  th e structur e o f  th e language s 
bein g learne d b y th e network s o n cognition .  Thi s suggest s 
tha t  i t  i s  no t  th e tas k tha t  make s th e proces s linguisti c o r  non -
linguistic ,  an d t o a  certai n extent ,  tha t  i t  coul d b e th e structur e 
of  th e languag e tha t  does .  Th e fac t  tha t  w e foun d n o behav -
iora l  difference s reflectin g th e weigh t  difference s i n th e net -
work s shoul d no t  b e discouraging .  Brai n sca n studie s coul d 
be performe d o n peopl e t o loo k fo r  effect s analogou s t o th e 
weigh t  difference s i n th e networks .  Also ,  preliminar y result s 
sho w languag e effect s durin g th e cours e o f  learnin g suggest -
in g tha t  tha t  i s a  goo d plac e t o star t  lookin g fo r  evidenc e fo r 
relativism . 
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Figur e 6 :  Tw o path s fo r  performin g Non-Linguisti c Patter n Com-
pletion ,  (a )  Th e networ k use s th e between-Hidden-Iaye r  connection s 
representin g th e correlation s betwee n th e Perceptua l  Dimensions . 
Thi s i s possibl e wit h bot h th e Eas y an d Har d networks ,  (b )  Th e net -
wor k use s th e Hidden-to-Word s connections .  Thi s i s possibl e onl y 
wit h th e Eas y Network . 

Conc lus ion s 

I n thi s pape r  w e hav e argue d tha t  linguisti c relativit y ca n b e 
bes t  studie d i n term s o f  th e correlation s betwee n differen t  per -
ceptua l  dimensions ,  th e correlation s betwee n linguisti c cate -
gorie s an d perceptua l  dimensions ,  an d th e wa y i n whic h thes e 
correlation s interac t  durin g th e learnin g o f  languag e an d o f 
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non-linguisti c  tasks .  W e focuse d o n thre e specifi c  relativis -
ti c effect s an d showe d ho w eac h o f  thes e coul d b e simulate d 
wit h a  simpl e neural-networ k mode l  o f  wor d learning .  W e 
believ e tha t  suc h a  mode l  i s crucia l  t o th e relativit y debate . 
Withou t  a n explici t  accoun t  o f  ho w th e learnin g o f  linguisti c 
and non-linguisti c categorie s depend s o n differen t  kind s o f 
correlations ,  i t  wil l  remai n unclea r  precisel y wha t  linguisti c 
relativit y migh t  mea n fo r  cognition . 
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