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A b s t r a c t 

The methodolog y o f  cognitiv e neuroscienc e presup -
pose s tha t  cognitiv e function s ar e modular .  Fodo r 
(1983 )  offere d a n interestin g charactoizatio n o f  variou s 
form s o f  modularit y an d a n argumen t  t o th e effec t  tha t 
whil e languag e an d inpu t  system s ar e probabl y modu -
lar ,  highe r  cognitiv e processe s suc h a s proble m solv -
in g probabl y ar e not .  I f  thi s i s th e case ,  ther e wil l  b e 
methodologica l  obstacle s i n developin g a  neuroscienc e 
of  highe r  cognitiv e functions .  W e offe r  a n analysi s o f 
th e issu e o f  modularit y a s i t  affect s th e cognitiv e sci -
ences ,  evaluat e Fodor' s characterizatio n wit h respec t  t o 
thi s analysis ,  an d sugges t  tha t  hi s argumen t  fo r  th e 
nonmodularit y o f  centra l  system s ha s a  ver y narro w 
scope .  I t  i s  no t  somethin g tha t  neuroscienc e need s t o 
necessaril y  worr y about . 

Introduction 

In the Modularity of Mind, Jerry Fodor (1983) of-
fere d a  wonderfu l  an d livel y expositio n o f  modularit y 
i n cognitiv e system s an d argue d tha t  ther e ar e com -
pellin g reason s t o expec t  inpu t  system s an d languag e 
t o b e modular ,  an d equall y compellin g reason s t o ex -
pec t  th e centra l  system s involve d i n highe r  cognitiv e 
function s no t  t o b e modular .  Thi s latte r  argumen t  lea d 
Fodo r  t o a  rathe r  gloom y conclusio n abou t  th e 
prospect s o f  a  neuroscienc e o f  centra l  systems . 

Ther e i s considerabl e consensu s tha t  cognitiv e neu -
roscienc e doe s nee d s o m e notio n o f  modularit y 
(McCarth y &  Warrington ,  1990 ;  Shallice ,  1988 ;  Val -

lar ,  1991). '  Th e methodolog y o f  cognitiv e neuro -
scienc e require s a  mappin g o f  behaviora l  deficit s ont o 
computationa l  procedure s and/o r  cortica l  structures . 
The wa y t o d o thi s i s t o sho w tha t  damag e t o a  specifi c 
regio n a  lead s l o a  specifi c  behaviora l  defici t  x  bu t 
leave s othe r  behavio r  x '  intac t  (singl e dissociation) , 
whil e damag e t o cortica l  regio n a '  lead s t o specifi c  be -

haviora l  defici t  x '  bu t  leave s X  intac t  (doubl e dissoci -
ation) .  A  searc h f w dissociation s i s o f  cours e a  searc h 
fo r  modules .  So .  muc h hang s o n th e modularit y issue . 

A fe w neuropsychologist s hav e take n u p th e chal -
leng e pose d b y Fodo r  (Marshall ,  1984 ;  Shallice ,  1984 ; 
Shallice ,  1988 )  bu t  n o adequat e analysi s o f  th e issue s 
or  a  coheren t  respons e hav e bee n forthcomin g fi-om  di e 
neuroscienc e community .  Suc h a n analysi s an d re -
spons e i s attempte d here . 

At  first  pass ,  th e issu e o f  modularit y seem s t o b e 
reasonabl y clea r  an d unproblematic .  Th e underlyin g 
intuitio n i s that ,  whil e th e worl d m a y b e suc h that : 

Al l  ihing s b y immorta l  power . 
Near  o r  far , 
Hiddenly , 
To eac h othe r  linke d are . 
That  tho u cans t  no t  sti r  a  flowe r 

Withou t  troublin g o f  a  star. ^ 
I t  i s als o tru e tha t  th e degree ,  intensity ,  an d numbe r  o f 
"links "  amon g "things "  vary .  Thi s heterogeneit y i n 
th e distributio n o f  link s o r  relation s result s i n stabl e 
cluster s whic h w e recogniz e a s subsystem s o r  modules . 

Anothe r  wa y o f  sayin g thi s i s tha t  th e worl d seem s 
t o b e constructe d o f  comple x system s tha t  ca n b e de -
compose d -  t o som e exten t  -  int o stabl e subsystem s 
suc h tha t  inter-syste m interaction s ar e stronge r  (mor e 
robust ,  abundant ,  coherent ,  etc. )  tha n intra-syste m in -
teractions .  I n fact ,  i t  i s  tiiis  varyin g degre e o f  rela -
tions/  interaction s -  alon g wit h ou r  goal s an d interest s 
-  Uia t  allow s u s t o individuat e systems/subsystem s i n 
th e first  place .  Individuate d a s such ,  system s corre -
spon d t o modules . 

H o w pervasiv e a  phenomeno n decomposability .  o r 
modularity ,  turn s ou t  t o b e i s a n ope n empirica l  ques -
tion  bu t  ther e i s convergin g evidenc e from  a t  leas t 
thre e sources :  th e natura l  sciences ,  design /  engineerin g 
practice ,  an d argument s abou t  th e evolutio n o f  com -
ple x system s (Simon ,  1962 ;  Simon ,  1973) ,  suggest -
in g tha t  i t  i s a  dee p fac t  abou t  th e world . 

See Fara h (i n press )  fo r  a n alternativ e view . ^Franci s Thompso n 
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So fa r  s o good .  Th e mai n proble m tha t  i s  typicall y 
encountere d i n th e individuatio n o f  system s i s tha t  rela-
tions^nteraction s amon g component s ca n b e o f  man y 
types ,  includin g spatial ,  temporal ,  logical ,  conceptual , 
causal ,  etc .  I n fac t  relation s ar e d o w n right  cheap , 
makin g th e notio n o f  system s (an d thu s modules ) 
equall y cheap .  Bu t  fo r  th e purpose s o f  natura l  science . 
we generall y restric t  ourselve s t o a  subse t  o f  al l  possi -
bl e relations ,  namel y th e one s tha t  ar e causall y effica -
ciou s i n th e functionin g o f  th e syste m unde r  th e as -
pec t  tha t  w e ar e intereste d i n th e system .  Ther e i s gen -
erall y jus t  on e suc h aspec t  (pe r  discipline )  an d th e 
causa l  propertie s involve d ar e o f  a  pedestria n sor t  Thi s 
i s usuall y sufficien t  t o rende r  th e notio n o f  system s 
and module s substantiv e an d useful . 

However ,  whe n w e tr y t o appl y thi s seemingl y 
simpl e concep t  t o th e stud y o f  huma n cognitiv e sys -
tems ,  a  numbe r  o f  complication s quickl y arise .  S o m e 
of  th e complicatin g factor s ar e th e following :  Firs t  o f 
all .  w e ar e intereste d i n cognitiv e system s unde r  thre e 
differen t  aspects ;  unde r  th e aspec t  o i  functions ,  o f 
computationa l  procedures ,  an d computationa l  mecha -

nisms ? Secondly ,  cognitiv e neuroscienc e i s fa r  from 
discoverin g th e relevan t  causa l  relations  t o carv e cogni -
tiv e system s a t  thei r  "natura l  joints. "  S o w e ar e rele -
gate d t o individuatin g cognitiv e system s functionall y 
base d o n behavior .  Unlik e th e natura l  sciences ,  w e 
cannot ,  i n th e Hrs t  instance ,  appea l  t o causa l  relation s 
t o guid e an d constrai n ou r  individuations .  Thi s leave s 
our  functiona l  individuation s radicall y under-con -
strained .  So ,  a  majo r  issu e fo r  u s i s "wha t  ar e th e cor -
rec t  o r  coheren t  functiona l  individuation s o r  systems? " 
O ne wa y o f  testin g functiona l  individuation s i s t o se e 
h o w dee p the y run ? Tha t  is ,  wil l  the y surviv e a  shif t 
t o a n aspec t  wher e causa l  relation s exist ,  o r  wil l  thi s 
shif t  resul t  i n cross-classification ? I f  th e latte r  occurs . 
we woul d b e justifie d i n questionin g th e functiona l  in -
dividuation .  Thirdly ,  syste m decompositio n i s hierar -
chica l  an d occur s alon g tw o dimensions .  Thes e factor s 
requir e som e sortin g ou t 

I n d i v i d u a t i o n o f  C o g n i t i v e S y s t e m s 

& th e R e s u l t i n g N o t i o n s o f  M o d u l a r i t y 

Systems as Functions 

Individuatio n o f  Functions :  Cognitiv e neuroscienc e 
i s intereste d i n cognitiv e system s unde r  severa l  differ -
ent  aspects .  O n e suc h aspec t  i s tha t  o f  functions .  S o 
th e proble m o f  individuatin g cognitiv e system s be -
comes ,  o n th e firs t  instance ,  th e proble m o f  individuat -
in g functions .  Stricd y speaking ,  function s ar e rule s o f 
correspondenc e tha t  m a p element s o f  a  domai n se t 

^What  w e ar e referrin g t o a s "differen t  aspects "  ar e 
generall y referre d t o a s "differen t  levels. "  Th e ter m 
"aspects "  i s  borrowe d from  th e philosoph y literatur e an d 
i s introduce d t o avoi d confusio n late r  on . 

ont o uniqu e iVmige ;  i n a  rang e set .  The y ar e typicall y 
individuate d b y specifyin g th e se t  o f  ordere d pair s o f 
domai n element s an d thei r  correspondin g image s i n th e 
range .  Th e se t  o f  ordere d pair s ar e bot h necessar y an d 
sufficien t  t o defm e th e function . 

However ,  give n differen t  goals ,  ther e ar e othe r  pos -
sibilitie s fo r  individuatin g functions .  Conside r  th e 
cognitiv e function s I ,  I* .  I" ,  an d I*" .  I  map s fro m 
domai n D  (whic h consist s o f  fragment s o f  natura l  lan -
guag e utterances )  t o th e rang e R  (whic h consist s o f  th e 
abilit y  t o understand/generat e nove l  sentence s o f  tha t 
language) .  I '  map s fh) m domai n D '  (whic h consist s o f 
fragments  o f  se t  theory )  t o th e rang e R '  (whic h con -
sist s o f  th e abilit y  t o prov e previousl y unencountere d 
theorems) .  I "  map s from  domai n D "  (whic h consist s 
of  ligh t  energ y value s impingin g o n th e retina )  t o th e 
rang e R "  (whic h consist s o f  a  visua l  experience) .  I' " 
maps fro m domai n D  (whic h consist s o f  fragment s o f 
natura l  languag e utterances )  t o th e rang e R "  (whic h 
consist s o f  a  visua l  experience) . 

Give n tha t  D  *  D'? t  D "  an d R  ? t  R *  ̂ t  R "  th e result -
in g ordere d pair s wil l  no t  b e equivalent .  S o o n th e 
standar d mathematica l  individuatio n b y domai n an d 
range ,  1.1* .  I" ,  an d V "  constitut e fou r  differen t  func -
tions .  However ,  a s cognitiv e scientists ,  w e m a y fin d 
i t  interestin g t o individuat e simpl y b y th e domai n o r 
th e range .  I f  w e individuat e b y th e domai n w e fin d tha t 
functio n I  i s  indistinguishabl e from  th e functio n I'" . 
leavin g u s wit h thre e distinc t  functions .  I f  w e individ -
uat e b y th e range ,  w e fm d tha t  functio n I "  i s  indistin -
guishabl e from  I"* ,  agai n leavin g u s wit h thre e (bu t 
different )  functions .  So ,  fo r  th e purpose s o f  cognitiv e 
science ,  ther e ar e severa l  interestin g way s o f  individuat -
in g functions . 

Notio n o f  Modularity :  Th e secon d questio n i s wha t 
notion(s )  o f  modularit y d o function s allo w for ? Tha t 
is .  ca n w e tal k o f  modularit y o f  cognitiv e functions ? 
Insofa r  a s function s ar e mathematica l  entities ,  i t  i s 
rathe r  od d t o as k unde r  wha t  condition s the y ar e modu -
lar .  I t  i s  simpl y a  categor y mistake .  Bu t  on e ca n ge t  a 
correspondin g notio n i n term s o f  (relative )  disjointnes s 
of  th e set s o f  inputs ,  outputs ,  o r  input/outpu t  pairs . 
dependin g o n you r  preferre d wa y o f  individuation .  O n 
thi s account ,  function s tha t  resul t  i n (Isig&ly )  non -
ov^lappin g set s coul d b e considere d "modular "  wit h 
respec t  t o eac h other .  Notice ,  however ,  tha t  thi s i s 
triviall y  tru e b y defmitio n o f  th e function .  I t  doe s no t 
constitut e a  substantiv e clai m abou t  th e world .  Th e 
substantiv e issu e i n term s o f  individuatin g function s i s 
not  whethe r  the y ar e modula r  -  the y ar e modula r  b y 
definitio n -  bu t  whethe r  th e subsystem s whic h resul t 
when thes e function s ar e mappe d ont o computationa l 
px)cedure s and/cx *  mechanism s ar e modular . 

Systems as Computational Procedures 

Individuatio n o f  Procedures :  A  secon d aspec t  unde r 
whic h cognitiv e scienc e i s intereste d i n cognitiv e sys -
tem s i s tha t  o f  computationa l  procedures .  Q t  i s  not . 
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however ,  clea r  whethe r  cognitiv e neuroscienc e als o 
need s t o b e intereste d i n function s unde r  th e aspec t  o f 
computationa l  procedures .  Bu t  thi s issu e i s beyon d th e 
scop e o f  th e presen t  discussion. )  Tha t  is ,  w e ar e inter -
este d no t  onl y i n functions ,  bu t  als o th e compulatio n 
of  functions ,  thu s w e als o An d i t  usefu l  t o individuat e 
function s b y th e elementar y operations/computation s 
involve d i n effectin g th e mapping .  Thi s criterio n re -
sult s i n ye t  anothe r  se t  o f  categories . 

Re-examinin g th e abov e cognitiv e function s wit h 
thi s criterio n w e An d tha t  i t  i s  a n ope n questio n 
whethe r  w e hav e one ,  two ,  three ,  o r  fou r  distinc t  func -
tions .  I t  coul d b e tha t  som e genera l  inductio n opera -
tions/procedure s effec t  al l  (o r  several )  o f  th e mappings , 
or  i t  coul d b e tha t  eac h functio n require s specialize d 
procedures . 

Notion s o f  Modularity :  Th e notio n o f  modularit y 
does  ̂ p l y i n a  natura l  sens e t o computationa l  proce -
dures ,  thoug h wit h a  sligh t  twist .  W e bega n th e dis -
cussio n b y notin g tha t  module s (subsystems )  emerg e 
fro m varyin g degree s o f  interactions/relation s amon g 
componen t  part s o f  a  system ,  an d tha t  th e interac -
tions/relation s generall y o f  interes t  ar e th e one s tha t  ar e 
causall y efficaciou s i n th e behavicx '  o f  th e system .  Th e 
twis t  i s  that ,  i n computationa l  procedures ,  wha t  i s 
causall y efficaciou s i s semanti c conten t  o r  th e flo w o f 
information .  S o th e notio n o f  modularit y i n computa -
tiona l  procedure s ha s t o d o wit h restriction s o n th e 
flow  o f  informatio n amon g procedure s a s oppose d t o 
th e flow  o f  physica l  effec t 

Systems as Mechanisms 

Cognitiv e neuroscienc e i s als o intereste d i n system s 
unde r  a  thir d aspect -  a s mechanism s tha t  realiz e th e 
procedure s whic h comput e th e functions .  Mechanica l 
system s ar e individuate d alon g th e line s o f  brut e physi -
cal  causatio n (a s oppose d t o semanti c causation )  an d 
module s resul t  wheneve r  ther e ar e varyin g degree s o f 
causa l  interacti(H )  amon g components . 

So fa r  w e hav e thre e differen t  aspect s unde r  whic h 
we ar e intereste d i n cognitiv e systems ,  differen t  way s 
of  individuatio n o f  system s unde r  thes e aspects ,  an d 
severa l  diffCTen t  notion s o f  modularity .  Bu t  w e ar e no t 
don e ye t  Thing s ar e m w e complicate d still . 

Two Dimensions of Modularity 

Anothe r  complicatin g facto r  i s  tha t  syste m decom -
positio n (an d integration )  i s generall y hierarchical ,  an d 
occur s alon g tw o dimensions .  Differen t  relation s hol d 
alon g th e tw o dimension s an d resul t  i n differen t  no -
tion s o f  modularity .  Th e relation s tha t  hol d betwee n 
element s a t  th e sam e leve l  i n th e hierarchy ,  i.e .  be -
twee n sibling s o r  daughte r  nodes ,  migh t  b e referre d t o 
as dR d relations .  Th e relatio n tha t  hold s betwee n mi -
cr o an d macr o levels ,  i.e .  betwee n mothe r  an d daughte r 
nodes ,  migh t  b e designate d m R d relations .  Exactl y 
what  thes e relation s ar e of ,  course ,  depend s o n th e 
type s o f  system s involved . 

Bot h computationa l  procedure s an d mechanism s 
can ,  i n principle ,  b e decompose d alon g th e tw o dimen -
sion s an d exhibi t  bot h micro/macr o ( m R d )  relation s 
and within-leve l  (dRd )  relations .  Th e micro/macr o 
(mRd)  relatio n ca n b e particularl y varie d an d complex . 
For  system s unde r  th e aspec t  o f  mechanisms ,  som e 
candidate s ar e emergenc e (e.g .  th e relatio n betwee n wa -
te r  molecule s an d liquidity) ,  par t  o f  (e.g .  th e relatio n 
betwee n a  whee l  an d a n automobile) ,  an d compositio n 
(e.g .  th e relatio n betwee n th e mas s o f  a  micr o an d 
macr o component) .  Candidate s fo r  th e within-leve l 
(dRd )  relatio n fo r  mechanism s migh t  b e predicate s lik e 
"near, "  "i n contac t  with" ,  etc .  Whil e th e specifi c  rela -
tion s ar e ver y importan t  i n analysi s o f  specifi c  sys -
tems ,  th e relevan t  poin t  fo r  ou r  purpose s i s tha t  th e 
tw o set s ar e generall y diffoen t 

Fot  system s individuate d unde r  th e aspec t  o f  com -
putationa l  procedures ,  som e candidate s io r  th e m R d re -
lation s ar e subset/superset ,  se t  membership ,  an d con -
ceptua l  containmen t  (Not e tha t  th e relatio n o f  imple -
mentatio n i s  no /  a  candidat e fo r  th e m R d relation .  I t 
cut s acros s aspects ,  no t  levels ,  an d th e issu e o f  level s 
i s independen t  o f  th e issu e o f  aspects. )  A  candidat e fo r 
th e dR d relatio n migh t  b e th e predicat e "nex t  elemen t 
on th e list" .  Again ,  th e importan t  poin t  fo r  ou r  pur -
pose s i s tha t  th e tw o set s ar e generall y differen t  from 
eac h other ,  an d fro m th e abov e set s o f  relation s amon g 
mechanisms . 

Give n th e differen t  characto '  o f  th e m R d an d dR d re -
lations ,  w e ca n specif y differen t  modul e type s ( M an d 
NT)  a s follows : 

( M )  M (within-level )  modularit y occur s whe n th e 
relevan t  m R d relation s tha t  a  nod e ha s wit h 
daughte r  node s ar e "stronger "  C'denser, "  "richer" ) 
tha n th e relevant  d R d relation s i t  ha s wit h sib -
lin g nodes .  ( W e migh t  denot e thi s i n th e follow -
in g manne r  Z m R d X >  ZdRd. ) 

(M* )  M '  (micro-macro )  modularit y occur s whe n th e 
su m o f  th e relevan t  dR d relation s tha t  a  nod e ha s 
wit h siblin g node s ar e "stronger "  C'denser, " 
"rich^" )  tha n th e relevan t  m R d relation(s )  i t  ha s 
wit h it s m o t h ^  node(s) .  ( W e ca n denot e thi s a s 
follows :  Z d R d >  Z m R d T ) .  Thi s i s guarantee d 
t o b e th e cas e whe n th e decompositio n i s a  tre e 
structur e becaus e eac h nod e (excep t  fo r  th e root ) 

wil l  hav e a  singl e uniqu e predecessor. ^ 
Furthermore ,  a s th e set s o f  relation s acros s compu -

tationa l  procedure s an d mechanism s ar e different ,  w e 
actuall y ge t  fou r  differen t  type s o r  notion s o f  modules , 
whic h w e migh t  designat e M-p ,  M - m ,  M'-p ,  an d NT- m 
(se e Tabl e 1) .  M - p an d M'- p ar e th e module s whic h 
occu r  whe n th e abov e defmition s o f  M an d M "  ar e ap -
plie d t o procedures ;  M - m an d M'- m module s occu r 
when M an d M "  ar e applie d t o mechanisms .  Ther e i s 
als o th e notio n o f  "modularity "  w e ge t  i n th e cas e o f 

^a l k o f  "summin g u p relations" ,  her e an d throughou t  th e 
paper  is ,  o f  course ,  figurative . 
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function s (disjointnes s o f  sets) ,  whic h w c migh t  -  fo r 
th e lac k o f  a  bette r  ter m -  refe r  t o a s set-theoreti c  (S-t) . 
Each o f  thes e ar e note d i n Tabl e 1 . 

Table 1: 
Possibl e notion s o f  modularit y i n cognitiv e system s 

Type s o f  Modularit y 

Within -
Leve l 

Micro / 
Macr o 

Othe r 

System s a s 
Function s 
System s a s 
Computationa l 
Procedure s 
System s a s 
Mechanism s 

N/ A 

M-p 

M-m 

N/ A 

M-p 

M-.m 

S-t 

N/A 

N/A 

I t  i s  wort h notin g tha t  thes e ar c no t  mutuall y ex -
clusiv e categories .  Th e presenc e o f  an y on e doe s no t 
preclud e th e presenc e o f  an y other . 

By wa y o f  a n exampl e o f  th e M an d M "  categories . 
conside r  th e (incomplete )  functiona l  decompositio n o f 
a compute r  i n Figur e 1 .  Th e relation s betwee n leve l 
L I  component s C P U ,  memory ,  an d Input/Outpu t 
units ,  o r  th e leve l  L 2 component s A L U ,  control ,  an d 
registers ,  ar e within-leve l  o r  dR d relations .  Th e clai m 
tha t  thes e component s constitut e a n M typ e modul e o r 
subsyste m wit h respec t  t o th e othe r  component s 
withi n th e leve l  i s  th e clai m tha t  th e m R d relation s 
tha t  the y engag e i n wit h daughte r  node s a t  leve l  Ln+ i 

ar e stronge r  tha n th e dR d relation s tha t  the y engag e i n 
wit h siblin g node s a t  leve l  Ln . 

LO: 

Li :  W 3 

L2: 

L3: 

Compute r 

Memory 

Register s 
dRd 

Control -

X \ 

dRd 
ALU 

Instructio n 
Registe r 

Progra m 
Counte r 

Figur e 1 .  Incomplet e functiona l  decompositio n o f  a 
compute r 

The relationships between the memory unit at LI 
and th e comput e uni t  a t  LO ,  o r  th e contro l  uni t  a t  L 2 
and th e C P U ,  a t  L I ,  o r  i n fac t  th e contro l  uni t  a t  L 2 
and th e compute r  uni t  a t  L O ar e example s o f  micro -
macr o relation s o r  m R d relations .  T o clai m tha t  thes e 
component s constitut e M "  module s wit h respec t  t o 
eac h othe r  i s t o clai m tha t  th e su m o f  th e dR d relation s 
tha t  the y engag e i n wit h siblin g node s i s greate r  tha n 

th e singl e m R d relatio n tha t  the y hav e wit h thei r 
mothe r  node . 

So wha t  starte d ou t  a s a  simple ,  intuitiv e ide a ha s 
been complicate d b y th e fact s tha t  w e ar e intereste d i n 
cognitiv e system s under ,  a t  least ,  thre e differen t  as -
pects ,  hav e tw o differen t  notion s o f  causation ,  an d 
must  accommodat e bot h within-leve l  an d micro/macr o 
leve l  notion s o f  modularity . 

Rev iewin g &  Assessin g Fodor' s 

Discussio n o f  Modular i t y 

Having analyzed some of the relevant landso^, we 
now tur n t o Fodo r  (1983) .  W e briefl y revie w hi s anal -
ysis ,  ma p i t  ont o ours ,  an d the n examin e hi s argumen t 
tha t  centra l  system s ar e probabl y no t  modular . 

Fodor  suggest s tha t  tal k  o f  module s o r  faculties ,  di -
vide s up ,  a t  a  firs t  instance ,  int o tw o categories ,  hori -
zonta l  facultie s an d vertica l  faculties .  Th e flrst  thin g 
t o not e i s tha t  th e notio n o f  "faculty "  i s  ver y coarse .  I t 
cross-cut s bot h wha t  w e hav e bee n callin g aspect s o f 
system s an d modularity .  Ther e i s  somethin g t o b e 
gaine d b y slicin g thinner . 

Horizonta l  facultie s ar e individuate d functionall y b y 
thei r  effects .  Typica l  example s o f  suc h facultie s woul d 
be memor y an d attention .  Importantly ,  thi s individua -
tio n i s independen t  o f  th e conten t  o f  th e inpu t  t o th e 
faculty .  S o horizonta l  facultie s ar e invarian t  acros s 
domain s (e.g .  th e sam e memor y facult y get s exercise d 
i n rememberin g you r  mother' s fac e a s rememberin g th e 
3r d movemen t  o f  Brahm' s German/le^ui^m )  an d eac h 
horizonta l  facult y can ,  i n principle ,  hav e acces s t o ev -
er y menta l  conten t  a t  som e poin t  i n time .  Differen t 
cognitiv e processe s ar e explaine d b y varyin g degree s o f 
interaction s amon g horizonta l  faculties .  I t  woul d b e a 
mistake ,  o n thi s account ,  t o loo k fo r  a  languag e fac -
ult y o r  a  musi c faculty .  Thes e ar e simpl y differen t 
manifestations /  interaction s o f  th e sam e horizonta l  fac -
ulties . 

I n ou r  terminology ,  wha t  Fodo r  i s callin g horizon -
ta l  facultie s are ,  i n th e first  instance ,  a  specificatio n o f 
system s a s function s a t  th e leve l  o f  memory ,  learnin g 
functions ,  attention ,  etc. ,  individuate d b y output s o r  ef -
fects .  Th e substantiv e clai m associate d wit h horizonta l 
facultie s i s tha t  thi s individuatio n survive s a  shif t  i n 
aspec t  fro m function s t o computationa l  procedure s 

and/o r  mechanisms. ^  Th e procedure s and/o r  mecha -
nism s whic h comput e th e basi c cognitiv e function s o f 
memory,  learning ,  attention ,  etc .  ar e modula r  becaus e 
th e su m o f  th e m R d relation s the y hav e wit h daughte r 
node s i s greate r  tha n th e dR d relation s tha t  the y hav e 
wit h eac h other .  Thi s constitute s within-leve l  modu -

li !  i s  no t  clea r  whethe r  Fodo r  i s interpretin g th e positio n 
t o entai l  one ,  th e other ,  o r  both .  Bu t  i t  doesn' t  matte r 
becaus e th e positio n allow s fo r  al l  three . 
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larit y (M- p o r  M - m ,  dependin g o n whethe r  on e i s talk -
in g abou t  procedure s o r  mechanisms) . 

However ,  notic e tha t  thi s doe s no t  preclud e th e pos -
sibilit y  o f  als o individuatin g mor e comple x function s 
suc h a s perceptio n an d inductiv e inferenc e an d claimin g 
some degre e o f  modularit y fo r  the m wit h respec t  t o 
eac h othe r  (within-level) ,  an d als o wiU i  respec t  t o th e 
les s comple x procedures/mechanism s (micro-macro) . 
WiUiin-leve l  modularit y o f  thes e mor e comple x proce -
dure s ( M - m an d M - p )  woul d occu r  i f  th e su m o f  th e 
m Rd relation s the y ha d wit h daughte r  node s wa s greate r 
tha n th e d R d relation s Uia t  the y ha d wit h eac h oUier . 
Micro-macr o modularit y betwee n th e les s comple x 
cognitiv e procedure s and/o r  mechanism s a t  leve l  Ln+ i 

and mor e comple x procedure s and/o r  mechanism s a t 
leve l  Ln ,  woul d occu r  i f  th e su m o f  th e dR d relation s a 

nod e a t  Ln+ i  ha d wit h it s sibling s wa s greate r  tha n th e 

m Rd relation s i t  ha d wit h node s a t  Ln , 

Vertica l  faculties ,  o n Ui e othe r  hand ,  ar e individu -
ate d b y referenc e t o subjec t  matter ,  o r  th e domai n o f 
conten t  o f  th e inpu t  informatio n (a s oppose d t o th e op -
eration s tha t  ar e performe d o n thi s content) .  O n a  ver -
tical  individuatio n on e woul d expec t  t o fin d languag e 
and musi c faculties ,  becaus e the y ar e generall y take n t o 
constitut e differen t  domains .  Whethe r  on e woul d als o 
expec t  t o find a  memor y o r  attentio n facult y depend s 
on th e bran d o f  vertica l  facultie s bein g evoked . 

What  Fodo r  i s callin g vertica l  facultie s ar e again ,  i n 
our  terminology ,  a  specificatio n o f  system s unde r  th e 
aspec t  o f  functions ,  excep t  thi s time  th e function s ar e 
more comple x an d individuate d b y th e inpu t  o r  domain . 
The substantiv e clai m o f  vertica l  facultie s i s Uia t  thi s 
individuatio n survive s a  shif t  i n aspec t  t o computa -
tiona l  procedure s and/o r  mechanisms . 

Fodo r  distinguishe s thre e differen t  ta^nds  o f  vertica l 
faculties :  Gall' s  notio n o i  fundamenta l  powers ,  C h o m -
sky' s notio n o f  menta l  organs ,  an d hi s o w n notio n o f 
cognitiv e modules .  Al l  thre e individuat e function s b y 
domain ,  bu t  beyon d thi s the y differ .  D u e t o spac e con -
siderations ,  w e wil l  onl y discus s Gal l  an d Fodo r  here . 

Gall ,  accordin g t o Fodor ,  seem s committe d t o (i ) 
individuatio n b y domain ,  (ii )  n o sharin g o f  c o m m o n 
mechanism s betwee n faculties ,  (iii )  distinc t  mapping s 
of  facultie s ont o neura l  structures ,  an d (iv )  innatenes s 
of  faculties .  Criterio n (i )  merel y make s Gall' s  power s 
a specie s o f  vertica l  faculties .  Criterio n (ii )  denie s 
bot h dR d an d m R d relation s betwee n facultie s an d thu s 

endorse s M - m an d M - m modularity ^  (iii )  i s  probabl y a 
commitmen t  t o spatia l  localizatio n o f  mechanisms . 
Criterio n (ii )  require s tha t  eac h facult y b e self-containe d 
wit h respec t  t o mechanica l  resource s an d rule s ou t  th e 
possibilit y  o f  (horizontal )  faculties ,  suc h a s memor y o r 
attention ,  tha t  ar e share d acros s domains .  S o on e 
woul d postulat e a  "musica l  m e m o r y "  i n th e musica l 
facult y an d a  "linguisti c memory "  i n th e linguisti c fac -

^Prcsumably ,  th e M- p an d M'- p categorie s d o no t  appl y t o 
Gall . 

ulty ,  bu t  no t  a  facult y o f  m e m o r y pe r  se .  "Perceptio n 
and m e m o r y ar e onl y attribute s c o m m o n t o th e funda -
menta l  psychologica l  qualities ,  bu t  no t  facultie s i n 
themselves ;  an d consequenU y Uie y ca n hav e n o prope r 
center s i n th e brain... .  w e hav e t o discove r  th e funda -
menta l  power s o f  th e mind ,  fo r  i t  i s  onl y thes e tha t  ca n 
hav e separat e organ s i n th e brain. "  (Gail ,  quote d i n 
Fodo r  1983 .  p .  16) . 

Fodor' s cognitiv e module s ar e simila r  t o Gall' s 
powers .  Th e majcH "  differenc e i s tha t  whil e Gall' s 
clai m woul d b e tha t  th e functiona l  individuatio n b y 
domai n survive s a  shif t  i n aspec t  fro m functio n t o 
mechanis m (i.e .  doe s no t  requir e cross-classification) , 
Fodor' s clai m i s tha t  i t  survive s a  shif t  i n aspec t  fro m 
functio n t o computationa l  procedures .  Thu s Fodor' s 
cognitiv e module s ar e (i )  domai n specific ,  (ii )  informa -
tionally  encapsulated ,  (iii )  hard-wire d int o neurona l 
structure ,  (iv )  computationall y direc t  o r  primitiv e (i.e . 
ther e i s a  straigh t  forwar d mappin g betwee n tiie  virtua l 
architectur e an d it s realizatio n i n th e neurona l  mecha -
nism) ,  an d (v )  innatel y specified .  Criterio n (i )  i s  inter -
prete d a s abov e fo r  Gall .  Criterio n (ii )  introduce s th e 
importan t  ide a o f  informationa l  encapsulatio n whic h 
denie s an y significan t  d R d an d m R d relation s amon g 
th e procedure s whic h comput e th e domai n individuate d 
function s an d indorse s M'- p an d M - p modularit y be -
twee n thes e {vocedures .  Informationa l  enc^sulatio n i s 
th e procedura l  leve l  counterpar t  t o Gall' s  "n o sharin g o f 
resources "  (a t  th e mechanica l  level) . 

On Fodor' s accoun t  system s ar e modula r  no t  be -
caus e the y d o no t  shar e mechanica l  resources ,  bu t  be -
caus e the y d o no t  shar e information .  Informationa l  en -
capsulatio n constrain s th e flow  o f  informatio n amon g 
cognitiv e procedure s throughou t  th e system .  Cogni -
tive  module s comput e thei r  function s withou t  requirin g 
unlimite d acces s t o informatio n compute d b y othe r 
modules . 

Criteri a (iii )  &  (iv )  ar e a  litU e mor e difficul t  t o in -
terpre t  O n e wa y o f  understandin g the m i s tha t  the y 
requir e a  reasonabl y direc t  mappin g betwee n cognitiv e 
procedure s an d th e mechanis m i n whic h the y ar e real -
ized .  Thi s woul d see m t o impl y tha t  th e physica l 
causa l  constraint s a t  th e mechanica l  leve l  wil l  mirro r 
th e semanti c causa l  constraint s a t  th e procedura l  level , 
whic h woul d resul t  i n M ' - m an d M - m modularity . 
(This ,  however ,  m a y no t  b e Fodor' s intende d interpreta -
tion  o f  di e criteri a becaus e h e consider s himsel f  non -
committa l  o n th e sharin g o f  resource s issue. ) 

So,  Fodor' s notio n o f  cognitiv e modul e affirm s 
M - p an d M-p ,  an d perhap s als o M - m an d M - m modu -
larity .  W e n o w tur n t o hi s argumen t  tha t  centra l  sys -
tems ,  suc h a s thos e involve d i n belie f  fixation ,  wil l 
not  b e modula r  systems . 

Fodor' s argumen t  fo r  th e nonmodularit y o f  cenu-al , 
highe r  cognitiv e functions ,  suc h a s belie f  fixation,  i s 
rathe r  straigh t  forward .  It ,  however ,  doe s us e som e 
specialize d vocabulary ,  an d i s illustrate d wit h a n exam -
pl e fro m th e philosoph y o f  science .  I n a  nutshell ,  th e 
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argumen t  i s  tha t  belie f  fixatio n i n scienc e i s (i ) 
isotropi c (i.e .  everythin g tha t  w e k n o w i s relevan t  t o 
determinin g wha t  els e w e shoul d believe )  an d (ii ) 
Quineia n (i.e .  th e degre e t o whic h w e believ e a  propo -
sitio n i s a  functio n o f  al l  ou r  othe r  beliefs) .  Thes e ar e 
conceptual/logica l  claim s abou t  th e structur e o f  scien -
tifi c  reasoning .  Fro m thes e premise s i t  i s  conclude d 
tha t  th e centra l  processe s whic h mediat e suc h reasoning 
canno t  b e encapsulated .  Th e conclusio n i s a  claim 
abou t  huma n psychology .  I t  doe s no t  follo w a s a 

poin t  o f  logi c fro m th e premises^ ,  bu t  give n wha t  w e 
k n o w o f  h o w th e worl d works ,  i t  i s  certainl y ver y 
plausible . 

Respons e t o F o d o r 

It is a good argument and has taxed researchers in 
th e cognitiv e neuroscienc e communit y (Marshall , 
1984 ;  ShalUce ,  1984 ;  Shallice ,  1988) .  However , 
some researcher s hav e faile d t o appreciat e th e limite d 
scop e o f  th e argumen t  I t  i s a n argumen t  onl y agains t 
informatio n encapsulatio n o f  domai n individuate d sub -
system s engage d i n no n demonstrativ e inference .  O f 
th e variou s notion s o f  module s reviewed,  onl y Fodor' s 
notio n wa s domai n individuate d an d dq)enden t  o n in -
formatio n enc^sulaticm . 

Gall' s  fundamenta l  power s ar e individuate d b y do -
mai n bu t  th e clai m o f  modularit y i s  mad e a t  th e leve l 
of  mechanisms ,  no t  procedures .  The y ar e untouche d 
by th e argumen t  Th e honzjonts l  faculties ,  individuate d 
by effec t  o r  ouQ)u t  ca n clai m modularit y o f  bot h com -
putationa l  procedure s an d mechanisms ,  withou t  worry -
in g abou t  th e argumen t 

So th e upsho t  woul d see m t o b e somethin g lik e th e 
following :  I f  yo u thin k tha t  cognitiv e function s mus t 
be individuate d b y domai n an d tha t  th e onl y o r  mos t 
relevan t  notio n o f  modularit y fo r  cognitiv e neuro -
scienc e need s t o b e base d o n informatio n encapsulatio n 
of  computationa l  procedures ,  the n Fodor' s argumen t 
shoul d giv e yo u reaso n t o worry .  I f  yo u ar e s o wor -
ried ,  som e o f  you r  option s ar e t o (i )  den y th e centra l 
rol e o f  no n demonstrativ e reasonin g i n highe r  leve l 
cognitiv e functions ,  (ii )  argu e tha t  on e ca n plac e a 
prior i  limit s o n th e proposition s tha t  ma y b e relevan t 
t o a  give n no n demonstrativ e inference ,  o r  (iii )  argu e 
tha t  n o conclusio n abou t  psychologic^ d mechanism s 
follow s from  th e logica l  structur e o f  no n demonstrativ e 
argumen t  fcMTTis .  Goo d luck . 

Ther e i s  however ,  n o reaso n t o tak e thi s position . 
A mor e promisin g m o v e woul d b e t o sto p an d questio n 
whethe r  individuatio n b y domai n an d modularit y o f 
computationa l  procedure s ar e necessar y (o r  eve n suffi -
cient )  fo r  cognitiv e neuroscienc e inferences .  The y 
see m t o b e neithe r  necessar y no r  sufficien t 

Th e logi c o f  inferenc e i n cognitiv e neuroscienc e 
seems t o requir e thre e things .  First ,  i t  require s tha t 
on e b e abl e t o individuat e disjoin t  set s o f  functions . 
Whethe r  thi s individuatio n b e b y domai n o r  range ,  i s 
i n th e Hrs t  instance ,  irrelevant .  Second ,  i t  require s a 
on e t o on e mappin g fro m function s t o disjoin t  system s 

of  computationa l  procedure s and/or ^  neurophysiologi -
cal  structures .  Third ,  i t  require s tha t  th e cognitiv e sys -
te m no t  spontaneousl y regenerate  o r  reorganiz e itsel f 
afte r  damag e (i.e .  tha t  i t  b e constan t  o r  nonplastic) . 
Thes e criteri a woul d see m t o b e bot h necessar y an d 
perhap s sufficien t  t o pla y th e dissociatio n game ,  an d 
neithe r  individuatio n b y domain ,  no r  modularit y o f 
computationa l  procedure s i s  include d a m o n g them . 
So,  cognitiv e neuroscienc e ha s n o methodologica l  rea -
son s t o requir e bot h (o r  eve n on e of )  individuatio n b y 
domai n an d modularit y o f  computationa l  processes . 
O ne ma y hav e othe r  theoretica l  reason s fo r  insistin g o n 
on e o r  both ,  bu t  nothin g abou t  th e logi c o f  th e 
methodolog y require s on e t o d o so . 
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