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Thi s symposiu m focuse d o n th e rol e t o b e playe d b y notion s 
of  modularit y  i n th e fiel d o f  cognitiv e science .  Modularit y 
has exhibite d severa l  differen t  constnial s i n variou s area s 
withi n th e cognitiv e an d neura l  sciences .  I t  ha s bee n applie d 
i n languag e researc h a s a  stric t  encapsulatio n o f  informatio n 
(Forster ,  1979) .  I t  ha s bee n employe d i n definin g th e initia l 
stage s o f  a  fuzz y logica l  mode l  o f  informatio n integratio n 
(Massaro ,  1989) .  I t  ha s bee n spli t  int o notion s o f 
representationa l  versu s processin g modularit y (Tanenhaus , 
Del l  &  Carlson ,  1987) .  I t  ha s bee n use d t o partiall y 
constrai n interactiv e connectionis t  network s (Jacobs ,  Jorda n 
& Barto ,  1991) .  I t  ha s bee n loosel y accepte d i n visua l 
neuroscienc e a s a  catch-phras e fo r  brai n structure s tha t  ar e 
mostl y specialize d fo r  certai n subdomain s o f  informatio n 
(Lennie ,  1996) .  And ,  finally ,  i t  ha s bee n criticize d entirel y 
as encouragin g oversimplified ,  an d sometime s misleading , 
"descriptiv e conveniences "  (McClelland ,  i n press) . 

Thi s symposiu m brough t  togethe r  proponent s o f  th e 
disparat e perspective s o n thi s issu e (a s wel l  a s thos e w h o 
wal k th e fenc e betwee n thes e extremes )  i n hope s o f  makin g 
progres s towar d a  mor e unifie d vie w o f  1 )  th e definitio n o f 
modularity ,  an d 2 )  it s accoun t  o f  cognitiv e an d perceptua l 
phenomena .  T o ensur e applicabilit y  t o a  wid e audience ,  a n 
emphasi s wa s place d o n genera l  theoretica l  accounts . 

Questions Addressed in this Symposium 

•  H o w doe s modularit y constrai n scientifi c  inquiry ? 

*  Wha t  i s th e differenc e betwee n enc^sulatio n an d 
speciaUzation ? 

*  Shoul d w e thin k abou t  modularit y differentl y fo r 
cognitio n tha n fo r  perception ? 

•  Ar e non-modula r  system s intractable ? 

*  Wha t  aspect s o f  th e modularit y hypothesi s hav e 
withstoo d empirica l  study ? 

*  Shoul d we ,  an d i f  s o h o w woul d we ,  redefln e modularity ? 

The Continuum of Modularity 
I n 1983 ,  Fodo r  offere d persuasiv e (thoug h no t 
demonstrative )  argument s tha t  th e remaricabl e spee d wit h 
whic h linguisti c an d perceptua l  processin g occu r  necessitate s 
thei r  possessin g a t  leas t  thre e essentia l  properties :  domai n 
specificity ,  mandatoriness ,  an d informatio n encapsulation . 
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According to Fodor, these properties distinguish the rapid 
processin g i n thes e specialize d "modular "  system s from  th e 
typicall y slowe r  an d rathe r  amorphou s processin g o f  genera l 
cognition ,  whic h integrate s th e modules '  output s t o achiev e 
th e individual' s  goals .  I n th e 1980s ,  thi s vie w o f  th e 
mind^rai n wa s clearl y antithetica l  t o th e emergin g 
interactive ,  connectionis t  view .  Wherea s modularit y 
considere d th e integratio n o f  multipl e source s o f  informatio n 
t o b e incompatibl e wit h rapi d processing ,  th e interactiv e 
vie w sa w integratio n a s primaril y responsibl e fo r  it . 

I n recen t  years ,  however ,  th e theoretica l  distinction s 
betwee n modularit y an d interactionis m hav e b e c o m e 
increasingl y vagu e an d indeterminat e (cf .  Bolan d &  Cutler , 
1996 ;  Karmiloff-Smith ,  1992) .  Thi s i s  becaus e 
technologica l  advance s hav e provide d mor e precis e an d 
informativ e measure s (e.g. ,  eye-movemen t  monitoring , 
neuroimaging ,  etc. )  fo r  tesrin g th e views '  contrastin g 
predictions .  Thi s ha s le d t o bot h modula r  an d interactiv e 
model s becomin g mor e explici t  i n thei r  architectura l 
assumptions ,  an d a s a  consequence ,  thei r  difference s ar e n o w 
divers e an d ofte n subtle .  I n particular ,  whil e a  numbe r  o f 
differen t  dimension s ar e considere d t o instantiat e modularity , 
n o singl e dimensio n i s definitive .  Moreover ,  th e particula r 
valu e o n a  dimensio n tha t  i s use d t o typif y modularit y ca n 
diffe r  fro m on e researc h domai n t o another .  Fo r  example , 
"modular "  model s o f  visio n ten d t o proces s informatio n vi a 
paralle l  pathways ,  wherea s "modular "  model s o f  languag e 
ten d t o proces s informatio n i n seria l  stages . 

At  leas t  thre e othe r  dimension s ar e relevan t  fo r 
distinguishin g betwee n modularit y an d interactionis m (se e 
Figur e 1) .  Lik e parallel-serial ,  bidirectional-unidirectiona l 
relate s t o processin g assumptions .  Model s tha t  assum e 
suictl y feedforwar d informatio n flo w ar e typicall y classifie d 
as modular ,  whil e thos e tha t  permi t  bidirectiona l  flo w 
(recurrence )  ar e ofte n classifie d a s interactive .  Th e othe r  tw o 
dimension s relat e primaril y t o representationa l  assumptions . 
Model s employin g symboli c representation s ar e mor e likel y 
t o b e considere d modula r  tha n model s employin g distribute d 
representations .  An d model s tha t  assum e binar y activatio n 
vsilue s (singl e representationa l  output )  ar e frequentl y viewe d 
as modular ,  wherea s thos e tha t  assum e probabilisti c 
activation s (multipl e representationa l  output )  ar e typicall y 
viewe d a s interactive . 

Figur e 1  depict s thes e dimension s a s a  four-dimensiona l 
space ,  an d modularit y i s conceptualize d a s a  continuu m 
(represente d b y th e dashe d diagonal )  tha t  extend s throug h th e 
cente r  o f  thi s space .  W h e n a  mode l  i s specifie d i n enoug h 
detai l  t o b e associate d wit h a  regio n i n thi s space ,  tha t 
region' s projectio n ont o th e continuu m o f  modularit y 
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paralle l seria l 

Figur e 1 :  4- D modularit y space ,  i n whic h variou s 
model s loo k mor e modula r  o r  les s modula r  tha n 
on e another ,  bu t  i n whic h a  tru e dichotom y o t 
"interactiv e o r  modular "  doe s no t  exist .  Th e dashe d 
lin e represent s th e continuu m o f  modularity . 

indicates the degree to which the model is modular. Thus, 
accordin g t o thi s conceptualization ,  modularit y i s  no t  a n all -
or-non e featur e o f  huma n informatio n processin g systems . 

I t  seem s tha t  muc h o f  th e debat e (bot h withi n an d acros s 
domains )  ove r  th e modularit y o f  th e mind/brai n stem s fro m 
difference s i n whic h dimension s i n thi s 4- D spac e ar e 
emphasized .  Fo r  example ,  on e migh t  implicitl y  accep t  a 
model  wit h seria l  stage s (e.g. ,  a  stag e i n whic h 
representation s ar e accessed ,  an d ambiguit y arises ,  followe d 
by a  stag e i n whic h on e i s selected ,  an d ambiguit y i s 
resolved )  an d strictl y feedforwar d processin g (i.e. ,  constraint s 
tha t  affec t  a  late r  stag e lik e selectio n canno t  affec t  a n earlie r 
stag e lik e access )  (Bolan d &  Cutler ,  1996) .  Whil e thes e 

feature s giv e th e appearanc e o f  complet e modularity ,  i f  th e 
model  incorporate s a n interactiv e featur e (suc h a s 
probabilisti c  representations ,  o r  multiple-output) ,  the n i t 
wil l  no t  b e categoricall y "modular. " 

Clearly ,  bot h perceptua l  an d linguisti c processin g ar e 
rapi d an d ofte n mandatory .  And ,  consisten t  wit h 
modularity' s requiremen t  o f  domai n specificity ,  ther e i s 
evidenc e tha t  th e underlyin g cortica l  structure s exhibi t  som e 
degre e o f  independenc e (e.g. ,  Shallice ,  1988) .  However , 
contrar y t o modularity' s requiremen t  o f  informatio n 
encapsulation ,  ther e i s compellin g evidenc e fo r  recurren t 
connection s betwee n cortica l  structure s (e.g. ,  Sejnowsk i  & 
Churchland ,  1989 )  a s wel l  a s fo r  th e computatio n o f  vastl y 
distribute d representation s o r  "populatio n codes "  (e.g. , 
(jeorgopoulos ,  Taira ,  &  Lukashin ,  1993) .  Thus ,  th e mos t 
accurat e vie w o f  th e mind/brai n probabl y lie s o n th e middl e 
groun d o f  modularit y an d interactionism . 

The Future 
Redefinin g modularit y a s a  continuu m radicall y affect s it s 
fundamenta l  tenets .  B y allowin g it s characteristic s t o b e 
grade d rathe r  tha n absolute ,  it s  abilit y  t o "constrai n scientifi c 
inquiry "  i s severel y compromised .  Moreover ,  a s model s 
become mor e recurren t  an d les s unidirectional ,  the y blu r  th e 

distinctio n betwee n perceptio n an d cognitio n (an d action) . 
Conversely ,  a s model s approac h th e extrem e i n 
interactionism ,  incorporatin g richl y distribute d 
representation s an d nonlinea r  tempora l  dynamics ,  the y ca n 
become opaqu e an d unfalsifiable .  Thus ,  th e challeng e fo r 
th e Continuu m vie w i s t o construc t  explici t  model s tha t 
generat e testable ,  coheren t  predictions . 

O ne importan t  advantag e o f  th e Continuu m vie w i s 
that ,  contrar y t o Fodor' s (1983 )  claims ,  genera l  cognitio n i s 
withi n th e real m o f  scientifi c  investigation .  Thi s i s 
importan t  becaus e th e vas t  majorit y o f  behaviora l  measure s 
i n cognitiv e scienc e necessaril y  reflec t  th e operatio n o f 
genera l  cognition .  Thus ,  ironically ,  i f  modula r  inpu t 
system s ar e viewe d a s completel y encapsulated ,  the y ar e th e 
menta l  construct s tha t  ar e les s amenabl e t o scientifi c  stud y 
(barrin g th e us e o f  neurophysiologica l  techniques) . 
Furthermore,  becaus e modularit y consider s subjects '  goal s 
and expectation s a s contaminatin g th e measuremen t  o f 
modula r  processes ,  i t  encourage s studyin g th e processe s i n 
highl y decontextualize d situations .  A s a  result ,  subjects ' 
goal s ar e ofte n uncontrolled ,  thu s introducin g substantia l 
variabilit y  i n th e data .  I n contrast ,  th e Continuu m vie w 
consider s subjects '  goal s a s crucia l  factor s tha t  affec t 
processin g efficiency .  Becaus e thes e effect s can ,  an d should , 
be directl y measured ,  thi s vie w encourage s highl y 
contextualize d experimenta l  situation s tha t  creat e well -
define d behaviora l  goals .  Thus ,  th e Continuu m vie w set s a 
ne w and ,  w e believe ,  mor e fruitfu l  agend a fo r  futur e research. 
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