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Abstrac t 

B> computationalism in cognitive science I mean the view 
tha t  cognitio n essentiall y  i s  a  matte r  o f  th e computation s tlia t 
a cognitiv e syste m perform s i n certai n situations .  Th e m a m 
thesi s 1  a m goin g t o defen d i s tha t  computationalis m i s onl y 
consisten t  wit h symboli c modelin g or ,  mor e generally ,  wit h 
any othe r  typ e o f  computationa l  modelm g I n particular , 
thos e scientifi c  explanation s o f  cognitio n whic h ar e base d o n 
n)  a n importan t  clas s o f  connectionis t  model s o r 
(ii )  nonconncctionis t  continuou s model s canno t  b e 
computational ,  fo r  thes e model s ar e no t  th e kin d o f  syste m 
whic h ca n perfor m computation s i n th e sens e o f  standar d 
computatio n theory .  Arguin g fo r  thi s negativ e conclusio n 
require s a  forma l  explicatio n o f  th e intuitiv e notio n o f 
computationa l  syste m Thus ,  i f  my thesi s i s correct ,  w e ar e 
lef i  wit h th e followin g alternative .  Eithe r  w e constru e 
computationalis m b y explicitl y  rcfemn g t o som e 
nonstandar d notio n o f  computation ,  o r  w e simpl y abando n 
th e ide a tha t  computationalis m b e a  basi c hypothesi s share d 
by al l  curren t  researc h i n cognitiv e science .  1  wil l  finally 
sugges t  tha t  a  differen t  hypothesis ,  dynamicism ,  ma y 
represen t  a  viabl e alternativ e t o computationalism . 
Accordin g t o it ,  cognitio n essentiall y  i s a  matte r  o f  th e stat e 
evolution s tha t  a  cognitiv e syste m undergoe s i n certai n 
situations . 

Introductio n 

By computationalism in cognitive science I mean the view 
tha t  cognitio n essentiall y  i s a  matte r  o f  th e computation s 
tha t  a  cogniti\ c  syste m perform s i n certai n situations .  Th e 
mai n goa l  o f  thi s pape r  i s t o asses s whethe r  thi s vie w ma y 
represen t  a  basi c hypothesi s share d b y th e thre e curren t 
approache s t o cognition ;  th e symboli c (o r  classic )  approach , 
connectionism ,  an d nonconncctionis t  dynamics . 

I f  w c loo k a t  th e model s actuall y use d i n cognitiv e 
science ,  w e se e tha t  a  differen t  typ e o f  mode l  correspond s t o 
eac h approach .  Th e symboli c approac h (Newel l  an d 
Simon ,  1972 ;  Newell .  1980 ;  Pylyshyn .  1984 ;  Johnso n 
Laird .  1988 )  employ s symboli c processor s a s models .  A s a 
first  approximation ,  w e ma y tak e a  symboli c processo r  t o b e 
any de\ic e tha t  operate s effectiv e transformation s o f 
appropriatel y define d symbo l  structiu-es .  Th e connectionis t 
approac h (Rumclhar t  an d McClelland .  1986) ,  o n th e othe r 
hand .  employ s connectionis t  networks ,  whil e 
nonconncctionis t  dynamicist s us e othe r  kind s o f  continuou s 
system s specifie d b y differentia l  (o r  difference )  equations . 
Nonconncctionis t  researcher s favorin g a  dynamica l 

perspecti\ e ar e activ e i n man y fields.  Fo r  example s se e 
Por t  an d va n Geldc r  (1995) . 

The mai n thesi s I  a m goin g t o defen d i s  tha t 
computationalis m i s  onl y consisten t  wit h symboli c 
modelin g or .  mor e generally ,  wit h an y othe r  typ e o f 
computationa l  modeling .  I n particular ,  thos e scientifi c 
explanation s o f  cognitio n whic h ar e base d o n (i )  a n 
importan t  clas s o f  connectionis t  model s o r 
(ii )  nonconncctionis t  continuou s model s canno t  b e 
computational ,  fo r  thes e model s ar e no t  th e kin d o f  syste m 
whic h ca n perfor m computation s i n th e sens e o f  standar d 
computatio n theory . 

The thesi s tha t  computationalis m i s onl y consisten t  wit h 
computationa l  modelin g i s  empt y unles s on e give s a 
sufficientl y precis e characterizatio n o f  wha t  a 
computationa l  mode l  o f  a  cognitî • e syste m is .  B y thi s 
term ,  I  mea n an y computationa l  syste m tha t  describe s (or , 
at  least ,  i s  intende d t o describe )  som e cognitiv e aspec t  o f 
th e cognitiv e system .  Intuitively ,  b y th e ter m 
computationa l  syste m 1  refe r  t o an y devic e o f  th e kin d 
studie d b y standar d computatio n theory .  Thus ,  fo r 
example ,  Turin g machines ,  registe r  machines ,  an d finite 
stat e automat a ar e thre e differen t  type s o f  computationa l 
systems .  B y contrast ,  so-calle d analo g computer s ar e no t 
computationa l  systems .  I  wil l  propos e late r  a  forma l 
explicatio n o f  thi s intuitiv e notio n o f  a  computabona l 
system . 

Thus ,  i f  m y thesi s i s  correct ,  w e ar e lef t  wit h th e 
followin g alternative .  Eithe r  w e constru e computationalis m 
by explicitl y  referrin g t o som e nonstandar d notio n o f 
computation ,  o r  w e simpl y abando n th e ide a tha t 
computationalis m b e a  basi c hypothesi s share d b y al l 
curren t  researc h i n cognitiv e science .  I n th e las t  sectio n o f 
thi s paper ,  I  wil l  als o sugges t  tha t  a  differen t  hypothesis , 
dynamicism ,  ma y represen t  a  viabl e alternativ e t o 
computationalism .  Accordin g t o it ,  cognitio n essentiall y  i s 
a matte r  o f  th e stat e evolution s tha t  a  cognitiv e syste m 
undergoe s i n certai n situation s 

The Argument 

The main thesis of this paper is that computationalism is 
onl y consisten t  wit h symboli c modelin g or .  mor e generally , 
wit h an y othe r  typ e o f  computationa l  modeling .  Th e 
argumen t  I  a m goin g t o propos e i s base d o n tw o premises . 
The first  on e affirm s tha t  al l  model s currentl y employe d i n 
cognitiv e scienc e ar e mathematica l  dynamica l  systems . 
The secon d premise ,  o n th e othe r  hand ,  affirm s tha t  a 
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computatio n (i n th e sens e o f  standar d computatio n theory ) 
ca n onl y b e performe d b y tha t  specia l  typ e o f  mathematica l 
dynamica l  syste m whic h I  hav e calle d a  computationa l 
system .  Havin g establishe d thes e tw o premises ,  I  wil l  the n 
sho w tha t  (a )  a n importan t  clas s o f  connectionis t  models , 
an d (b )  nonconnectionis t  continuou s model s ar e no t 
computationa l  systems .  Hence ,  thes e model s camio t 
perfor m computation s i n th e standar d sense .  Bu t  then ,  i f 
our  scientifi c  explanation s o f  cognitio n ar e base d o n thes e 
models ,  w e canno t  maintai n tha t  cognitio n is ,  essentially ,  a 
matte r  o f  th e computation s performe d b y th e cognitiv e 
syste m whic h thes e model s ar e intende d t o describe .  O n 
th e othe r  hand ,  (c )  al l  symboli c model s ar e computationa l 
systems .  Therefore ,  computationalis m i s onl y consisten t 
wit h syinboli c modelin g or ,  mor e generally ,  wit h an y othe r 
approac h whic h employ s computationa l  system s a s model s 
of  cognition . 

The First Premise 

Th e first  premis e o f  m y argumen t  i s tha t  al l  model s 
currentl y employe d i n cognitiv e scienc e ar e mathematica l 
dynamica l  systems .  A  mathematica l  dynamica l  syste m i s 
an abstrac t  mathematica l  structur e tha t  ca n b e use d t o 
describ e th e chang e o f  a  rea l  syste m a s a n evolutio n 
throug h a  serie s o f  states .  I f  th e evolutio n o f  th e rea l 
syste m i s deterministic ,  tha t  is ,  i f  th e stat e a t  an y futur e 
tim e i s determine d b y th e stat e a t  th e presen t  time ,  the n th e 
abstrac t  mathematica l  structur e consist s o f  thre e elements . 
Th e first  elemen t  i s a  se t  T  tha t  represent s time .  T  m a y b e 
eithe r  th e reals ,  th e rationals ,  th e integers ,  o r  th e 
noimegativ e portion s o f  thes e structures .  Dependin g o n th e 
choic e o f  T ,  then ,  tim e i s represente d a s continuous ,  dense , 
or  discrete .  Th e secon d elemen t  i s a  nonempt y se t  M tha t 
represent s al l  possibl e state s throug h whic h th e syste m ca n 
evolve ;  A /  i s calle d th e stat e spac e o f  th e system .  Th e thir d 
elemen t  i s a  se t  o f  function s {g' }  tha t  tell s  u s th e stat e o f  th e 
syste m a t  an y instan t  t  provide d tha t  w e k n o w th e initia l 
state ;  eac h functio n i n {g' }  i s calle d a  stat e transitio n o f  th e 
system .  Fo r  example ,  i f  th e initia l  stat e is x e M ,  th e stat e 
at  tim e /  i s  give n l ^  ̂ (x) ,  th e stat e a t  tim e m >  /  i s give n b y 
g"(x) ,  etc .  Th e function s i n th e se t  {^ }  mus t  onl y satisf y 
tw o conditions .  First ,  th e fimction  g  mus t  tak e eac h stat e 
t o itsel f  and ,  second ,  th e compositio n o f  an y tw o fimction s 
g*  an d g" "  mus t  b e equa l  t o th e functio n g"̂ * " 

A n importan t  sulxlas s o f  th e mathematica l  dynamica l 
system s i s tha t  o f  al l  system s wit h discret e time .  An y suc h 
syste m i s calle d a  cascade .  Mor e precisely ,  a  mathematica l 
(fynamica l  syste m <T ,  M ,  {gf} > i s a  cascad e jus t  i n cas e T 
i s equa l  t o th e nonnegativ e integer s (o r  t o th e integers) . 

As mentioned ,  th e model s currentl y employe d i n 
cognitiv e scienc e ca n basicall y b e classifie d int o thre e 
differen t  types :  (1 )  symboli c processors ,  (2 )  neura l 
networks ,  an d (3 )  othe r  continuou s system s specifie d b y 
differentia l  (o r  difference )  equations .  Tha t  a  syste m 
specifie d b y differentia l  o r  differenc e equation s i s a 
mathematica l  dynamica l  syste m i s obvious ,  fo r  thi s concep t 
i s expressl y designe d t o describ e thi s clas s o f  system s i n 
abstrac t  term s Tha t  a  neura l  networ k i s a  mathematica l 
dynamica l  syste m i s als o no t  difficul t  t o show .  A  complet e 

slat e o f  th e syste m ca n i n fac t  b e identifie d wit h th e 
activatio n level s o f  al l  th e unit s i n th e network ,  an d th e se t 
of  stat e transitions ,  o n th e othe r  hand ,  i s determine d b y th e 
dififerentia l  (o r  difference )  equation s tha t  specif y h o w eac h 
uni t  i s  updated .  T o sho w tha t  al l  symboli c processor s ar e 
mathematica l  dynamica l  system s i s a  bi t  mor e complicated . 

Th e argumentativ e strateg y 1  prefe r  consider s first a 
specia l  clas s o f  symboli c processor s (suc h a s Turin g 
machines ,  o r  monogeni c productio n systems ,  etc. )  an d i t 
the n show s tha t  th e system s o f  thi s specia l  typ e ar e 
mathematica l  dynamica l  system s wit h discret e time ,  i.e. , 
cascades .  Give n th e stron g similaritie s betwee n differen t 
type s o f  symboli c processors ,  i t  i s  the n no t  difficul t  t o se e 
h o w th e argumen t  give n fo r  on e typ e coul d b e modifie d t o 
fit  an y othe r  typ e (Giunti ,  1992 ,  1996) .  W e m a y thu s 
conclud e tha t  al l  model s currentl y employe d i n cognitiv e 
scienc e ar e mathematica l  dynamica l  systems . 

The Second Premise 

Th e secon d premis e o f  m y argumen t  affirm s tha t  a 
computatio n (i n th e sens e o f  standar d computatio n theory ) 
ca n onl y b e performe d b y a  computationa l  system . 
Intuitively ,  b y thi s ter m I  refe r  t o an y devic e o f  th e kin d 
studie d b y standar d computatio n theor y (e.g. ,  Turin g 
machines ,  registe r  machines ,  cellula r  automata ,  etc. )  I  cal l 
any computatio n performe d b y an y suc h devic e a  standar d 
computation .  Accordin g t o thi s terminology ,  then ,  m y 
secon d premis e affirm s tha t  a  standar d computatio n ca n 
onl y b e performe d b y a  computationa l  system .  I t  i s  thu s 
clea r  tha t  I  i n fac t  tak e thi s premis e t o b e tru e b y definition . 

Someone migh t  objec t  that ,  give n m y definitions ,  m y 
secon d premis e i s no t  onl y true ,  bu t  als o trivial .  Accordin g 
t o m y imaginar y critic ,  th e importan t  questio n i s no t 
whethe r  a  standar d computatio n ca n b e performe d b y a 
noncomputationa l  syste m but ,  rather ,  whethe r  standar d 
computationa l  method s ar e sufficien t  t o accuratel y describ e 
th e behavio r  o f  al l  model s employe d i n cognitiv e scienc e 
(b e thes e model s computationa l  o r  not) .  1  wil l  giv e a n 
answe r  t o thi s kin d o f  objectio n later .  Before  I  ca n procee d 
wit h m y argument ,  however ,  1  nee d t o giv e a  forma l 
explicatio n o f  th e intuitiv e concep t  o f  a  computationa l 
system . 

A Formal Definition of a Computational System 

To this extent, let us first of all consider the mechanisms 
studie d b y standar d computatio n theoi y an d as k (i )  wha t 
typ e o f  syste m the y are ,  an d (ii )  wha t  specifi c  featur e 
distinguishe s thes e mechanism s from  othe r  system s o f  th e 
same type . 

As mentioned ,  standar d computatio n theor y studie s man y 
differen t  kind s o f  abstrac t  systems .  A  basi c propert y tha t  i s 
share d b y al l  thes e mechanism s i s tha t  the y ar e 
mathematica l  dynamica l  system s wit h discret e time ,  tha t  i s 
cascades .  However ,  standar d computatio n theor y doe s no t 
stud y al l  cascades .  Th e specifi c  featur e tha t  distinguishe s 
computationa l  system s from  othe r  mathematica l  dynamica l 
system s wit h discret e tim e i s tha t  a  computationa l  syste m 
ca n alway s b e describe d i n a n effectiv e way .  Intuitively , 
thi s mean s tha t  th e constitutio n an d operation s o f  th e 
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s>ste m ar e purel > mechanica l  o r  tha t  th e syste m ca n alway s 
be identifie d wit h a n idealize d mechanism .  Howe\er .  sinc e 
we wan t  t o a m \ e a t  a  forma l  definitio n o f  a  computationa l 
s>stem .  w c canno t  limi t  ourselve s t o thi s intuitiv e 
characterization .  Rather ,  w e mus t  tr > t o pu t  i t  i n a  precis e 
for m 

Sinc e 1  ha\ e informall y characterize d a  computationa l 
s>ste m a s a  cascad e tha t  ca n b e effectivel y described ,  le t  u s 
ask firs t  wha t  a  descriptio n o f  a  cascad e is .  I f  w e tak e a 
structuralis t  viewpoint ,  thi s questio n ha s a  precis e answer . 
A descriptio n (o r  a  representation )  o f  a  cascad e consist s o f 
a secon d cascad e isomorphi c t o i t  where ,  b y definition ,  a 
cascad e M D S ,  ''T,\f, .  {h'} > i s isomorphi c t o a  give n 
cascad e M D S < T . M . { ^ } > jus t  i n cas e ther e i s a 
bijectio n f : M - ^ M ,  suc h that ,  fo r  wi y t  e T an d an y 
xGMJ(^(x))~h'(f(x)) . 

I n th e secon d place .  le t  u s as k wha t  a n effectiv e 
descriptio n o f  a  cascad e is .  Sinc e I  hav e identifie d a 
descriptio n o f  a  cascad e M D S T ,  M ,  {g'} -  wit h a  secon d 
cascad e M D S ,  T ,  Mi ,  (h'} ^  isomorplii c  t o M D S .  a n 
effectiv e descriptio n o f  M D S wil l  b e a n effectiv e cascad e 
M DS I  isomorphi c t o M D S.  Th e proble m thu s reduce s t o a n 
analysi s o f  th e concep t  o f  a n effectiv e cascade .  N o w .  i t  i s 
natura l  t o analyz e thi s concep t  i n term s o f  tw o conditions : 
(a )  ther e i s a n effectiv e procedur e fo r  recognizin g th e state s 
of  th e syste m or ,  i n othe r  words ,  th e stat e spac e M ,  i s a 
decidahl e set ;  (b )  eac h stat e transitio n fiinction  h '  i s 
effectiv e o r  computable .  A s i t  i s  wel l  known ,  thes e tw o 
condition s ca n b e mad e precis e i n severa l  way s whic h tur n 
out  t o b e equivalent .  Th e on e 1  prefe r  i s b y mean s o f  th e 
concep t  o f  Turin g computability .  I f  w e choos e thi s 
approach ,  w e wil l  the n requir e tha t  a n effectiv e cascad e 
satisfy :  (a' }  th e stat e spac e M i  i s a  subse t  o f  th e se t  P(.\ )  o f 
al l  finite  string s buil t  ou t  o f  som e finite  alphabe t  A ,  an d 
ther e i s a  Turin g machin e tha t  decide s whethe r  a n arbitrar y 
finite  strin g i s member  o f  A/; ;  (b' )  fo r  an y stat e transitio n 
functio n /»' ,  ther e i s a  Turin g machin e tha t  compute s h' . 

Finally ,  w c ar e i n th e positio n t o formall y defin e a 
computationa l  system .  Th e followin g definitio n expresse s 
i n a  precis e vsa y th e informa l  characterizatio n o f  a 
computationa l  s>ste m a s a  cascad e tha t  ca n b e effectivel y 
described . 

Definition (computational system) 
M DS i s a  computationa l  syste m if f  A/A V T ,  A/ ,  {^ }  ̂  i s 
a cascade ,  an d ther e i s a  secon d cascad e 
\tDS i  -T.M, .  {h'} r  suc h tha t  M D S ,  i s isomorphi c t o 
A/D.Van d 
(1 )  i f  P(A )  i s th e se t  o f  al l  finite  string s buil t  ou t  o f  som e 

finite  alphabe t  A ,  M ,  c P ( A )  an d ther e i s a  Turin g 
machin e tha t  decide s whethe r  a n arbitrar y finite  strin g 
i s member  o f  A/; . 

(2 )  fo r  an y t  e  T .  ther e i s a  Turin g machin e tha t  compute s 
h' 

It is tedious but not difficult to show that all systems that 
hav e bee n actuall y studie d b y standar d computatio n theor y 
(Turin g machines ,  registe r  machines ,  monogeni c 
productio n systems ,  cellula r  automata ,  etc. )  satisf y th e 
definitio n (Giunti .  1992 .  1996) . 

T w o Sufficien t  Condition s fo r  a  Sys te m no t  t o B e 
Computat iona l 

The definition of a computational system allows us to 
deduc e tw o sufficien t  condition s fo r  a  mathematica l 
dynamica l  syste m no t  t o b e computational .  Namely ,  a 
mathematica l  dynamica l  syste m A /D S =  <T ,  M ,  (^} > i s no t 
computationa l  i f  i t  i s  continuou s i n eithe r  tim e o r  stat e 
spac e or ,  mor e precisely ,  i f  eithe r  (i )  it s tim e se t  T  i s th e se t 
of  th e (nonnegative )  rea l  numbers ,  o r  (ii )  it s  stat e spac e M 
i s no t  denumerable . 

A n immediat e consequenc e o f  condifio n (ii )  i s  tha t  an y 
finit e neura l  networ k whos e unit s hav e continuou s 
activatio n level s i s no t  a  computationa l  system .  Als o not e 
tha t  th e sam e conclusio n hold s fo r  an y continuou s syste m 
specifie d b y differentia l  (o r  difference )  equations .  Sinc e al l 
thes e system s ar e continuou s (i n tim e o r  stat e space) ,  non e 
of  the m i s computational . 

Summing up the Argument 

We have thus seen that (I) all models currently employed in 
cognitiv e scienc e ar e mathematica l  dynamica l  systems ; 
(II )  a  standar d computatio n ca n onl y b e performe d b y a 
computationa l  system ;  (III )  an y finite  neura l  networ k whos e 
unit s hav e continuou s activatio n level s or ,  mor e generally , 
any continuou s syste m specifie d b y differentia l  (o r 
difference )  equation s i s no t  a  computationa l  system . 
Hence ,  al l  connectionis t  model s i n thi s clas s an d al l 
noncormcctionis t  continuou s model s canno t  perfor m 
standar d computations .  Bu t  then ,  i f  ou r  scientifi c 
explanation s o f  cognitio n ar e base d o n thes e models ,  w e 
canno t  maintai n tha t  cognitio n is ,  essentially ,  a  matte r  o f 
th e standar d computations  performe d b y th e cogrutiv e 
syste m whic h thes e model s ar e intende d t o describe .  O n 
th e othe r  hand ,  i t  i s  obviou s tha t  (IV )  al l  symboli c model s 
ar e computationa l  systems .  Therefore ,  computationalis m i s 
onl y consisten t  wit h symboli c modelin g or ,  mor e generally , 
wit h an y othe r  approac h whic h employ s computationa l 
system s a s model s o f  cognition . 

A wor d o f  cautio n i s neede d here .  Somebod y migh t 
objec t  t o thi s conclusio n i n th e followin g way .  I t  i s  wel l 
know n tha t  th e behavio r  o f  virtuall y al l  continuou s system s 
considere d b y physic s ca n b e simulated ,  t o a n aititrar y 
degre e o f  precision ,  b y a  computationa l  system ,  eve n 
thoug h thes e system s ar e no t  computationa l  system s 
themselve s (Kreisel .  1974) .  W h y shoul d th e continuou s 
system s considere d i n cognitiv e scienc e b e differen t  i n thi s 
respect ? A s lon g a s th e behavio r  o f  a  continuou s mode l  o f 
a cognitiv e syste m ca n b e simulate d (t o a n arbitrar y degre e 
of  precision )  b y a  computationa l  system ,  ther e i s nothing ,  i n 
th e model ,  whic h i s beyon d th e reac h o f  standar d 
computationa l  methods .  Therefore ,  i t  i s  fals e tha t 
computationalis m i s onl y consisten t  wit h computationa l 
modeling . 

Thi s objectio n i s confuse d becaus e i t  blur s th e distinctio n 
betwee n th e standar d computation s performe d b y a  system , 
an d th e simulatio n o f  it s  behavio r  b y mean s o f  standar d 
computation s performe d b y a  differen t  system .  I n th e first 
place ,  thi s distinctio n i s essentia l  fo r  th e formulatio n o f  th e 
computationa l  hypothesi s itself .  I f  computationalis m i s 
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intende d a s a  ver y genera l  h>pothesi s tha t  indicate s th e 
appropriat e st>l c o f  explanatio n o f  cognitiv e phenomen a 
(namel> .  a  computationa l  style) ,  i t  i s  crucia l  t o affir m tha t 
cognitio n depend s o n th e standar d computation s performe d 
by th e cognitiv e s>ste m w e ar e studying ,  fo r  i t  i s  precisel y 
b)  understandin g th e particula r  natur e o f  thes e 
computation s tha t  w e ca n produc e a  detaile d explanatio n o f 
cognition .  Bu t  then ,  i n formulatin g th e computationa l 
hypothesis ,  w e ar e i n fac t  implicitl y  assumin g tha t  th e 
cognitiv e syste m i s a  computationa l  system ,  w e ar e no t  jus t 
claimin g tha t  it s behavio r  ca n b e simulate d b y a 
computationa l  system .  I n th e secon d place ,  I  hav e argue d 
tha t  a m continuou s mode l  i s no t  a  computationa l  system , 
an d thu s i t  canno t  perfor m standar d computations .  Bu t 
then ,  i f  ou r  scientifi c  explanation s o f  cognitio n ar e base d o n 
continuou s models ,  w e canno t  maintai n tha t  cognitio n is , 
essentially ,  a  matte r  o f  th e standar d computation s 
performe d b y th e cognitiv e s\ste m whic h thes e model s ar e 
intende d t o describe .  Therefore ,  computationalis m i s 
indee d inconsisten t  wit h continuou s modeling . 

Concluding Remarks 

My argument shows that, unless we construe 
computationalis m b y explicitl y  referrin g t o som e 
nonstandar d notio n o f  computation ,  w e canno t  maintai n 
tha t  computationalis m i s a  basi c hypothesi s share d b y al l 
curren t  researc h i n cognitiv e science .  I n vie w o f  thi s fact . 
howe\er .  w e shoul d conside r  a t  leas t  tw o furthe r  questions . 

First ,  wha t  kin d o f  nonstandar d notio n o f  computatio n 
woul d b e neede d fo r  a n adequat e generalizatio n o f  th e 
computationa l  hypothesis ? And .  second ,  i s ther e som e 
othe r  hypothesi s tha t  migh t  pla y thi s unifyin g rol e a s wel P 

As regard s th e firs t  question ,  1  wil l  limi t  m j  sel f  t o jus t 
on e preliminar > remark ,  fo r  a  critica l  discussio n i s beyon d 
th e scop e o f  thi s paper .  E\e n withi n thes e limits ,  however , 
i t  seem s quit e reasonabl e t o maintai n tha t  a  generalize d 
\  ersio n o f  th e computationa l  hypothesi s shoul d b e base d o n 
a theor y o f  computatio n tha t  (i )  applie s t o continuou s 
system s an d standar d computationa l  system s a s well :  (ii )  i n 
th e specia l  cas e o f  standar d computationa l  systems ,  thi s 
mor e genera l  theor y reduce s t o th e standar d one ,  an d thu s 
(Hi )  al l  th e standar d computabilit y  result s shoul d tur n ou t  t o 
be specia l  case s o f  th e mor e genera l  theory .  1  leav e i t  u p fo r 
furthe r  discussio n whethe r  thes e condition s ar e indee d wel l 
chosen ,  o r  whethe r  the y ar e i n fac t  satisfie d b y som e 
theorie s whic h inten d t o generaliz e variou s aspect s o f 
standar d computatio n theor y (Blum ,  Shub .  an d Smale , 
1989 ;  Friedman .  1971 ;  Shepherdson ,  1975 ,  1985 ,  1988 ; 
Montague ,  1962) . 

As fo r  th e secon d question ,  w e ha\' c see n tha t  al l  model s 
currentl y employe d i n cognitiv e scienc e ar c mathematica l 
dynamica l  systems .  Furthermore ,  i n general ,  a 
mathematica l  dynamica l  syste m change s it s behavio r 
accordin g t o th e particula r  stat e evolutio n tha t  th e syste m 
undergoes .  Bu t  then ,  i f  ou r  ai m i s t o mode l  cognitio n b y 
means o f  appropriat e mathematica l  dynamica l  systems ,  w e 
m ay ver y wel l  clai m tha t  cognitio n is ,  essentially ,  a  matte r 
o f  th e particula r  stat e evolution s tha t  a  cognitiv e syste m 
undergoe s i n certai n situations .  I  cal l  thi s hypothesi s 

dynamicism .  Fo r  two ,  quit e different ,  articulation s an d 
defense s o f  dynamicis m se e va n Geldc r  an d Por t  (1995 )  an d 
Giunti(1995 ,  1996) . 

I t  i s  thu s clea r  tha t  dynamicism .  unlik e (standard ) 
computationalism ,  i s consisten t  wit h symbolic , 
connectionist ,  an d nonconnectionis t  continuou s modelin g 
as well .  Therefore ,  al l  researc h o n cognitio n migh t  en d u p 
sharin g thi s ne w hypothesis ,  independentl y o f  th e typ e o f 
model  employed .  Th e questio n remains ,  however ,  whethe r 
thi s possibilit y  wil l  reall y obtain .  I  believ e tha t  th e answe r 
t o thi s questio n depend s o n whethe r  th e explici t  assumptio n 
of  a  dynamica l  perspectiv e ca n sharpl y enhanc e ou r 
understandin g o f  cognition .  Thi s issue ,  however ,  wil l 
ultimatel y b e settle d b y detaile d empirica l  investigation ,  no t 
by abstrac t  argument . 

On th e othe r  hand ,  i t  i s  als o quit e obviou s tha t  th e 
dynamica l  hypothesis ,  a s state d above ,  onl y give s u s a n 
extremel y genera l  methodologica l  indication .  Essentially , 
i t  onl y tell s  u s tha t  cognitio n ca n b e explaine d b y focusin g 
on th e clas s o f  th e dynamica l  model s o f  a  cognitiv e system , 
wher e a  dynamica l  mode l  i s an y mathematica l  dynamica l 
syste m tha t  describe s som e cognitiv e aspec t  o f  th e cognitiv e 
system .  N o w ,  a  standar d objectio n agains t  thi s versio n o f 
dynamicis m i s tha t  thi s methodologica l  indicatio n i s s o 
genera l  a s t o b e virtuall y empty .  Unfortunately ,  a  detaile d 
rebutta l  t o thi s charg e goe s beyon d th e scop e o f  thi s paper . 
Therefore ,  I  mus t  limi t  mysel f  t o briefl y outlin e th e thre e 
defense s tha t  hav e bee n adopte d b y th e proponent s o f  th e 
dynamica l  approach . 

The first  lin e o f  defens e point s ou t  tha t  dynamicism ,  jus t 
lik e computationalism .  ha s i n fac t  tw o aspects .  Th e first 
one i s th e specificatio n o f  a  particula r  clas s o f  model s 
(dynamica l  vs .  computationa l  models) ,  whil e th e secon d i s 
th e proposa l  o f  a  conceptua l  framewor k (dynamica l  system s 
theor y vs .  computatio n theory )  tha t  shoul d b e use d i n th e 
stud y o f  thes e models .  Therefore ,  i f  w e als o conside r  thi s 
secon d aspect ,  w e se e tha t  th e mathematica l  tool s o f 
dynamica l  system s theor y provid e dynamicis m wit h a  ric h 
methodologica l  content ,  whic h clearl y distinguishe s thi s 
approac h fro m th e computationa l  on e (Giunt i  1995 ,  1996 ; 
va n Gelde r  an d Por t  1995 ;  va n Gelde r  1995) . 

Second ,  som e proponent s o f  th e dynamica l  approac h (va n 
Gelde r  an d Por t  1995 ;  va n Gelde r  1995 )  hav e i n fac t 
restricte d th e clas s o f  model s allowe d b y th e dynamica l 
hypothesis .  Accordin g t o thei r  proposal ,  dynamica l  model s 
includ e mos t  connectionis t  model s an d al l  nonconnectionis t 
continuou s models ,  bu t  the y exclud e computationa l  models . 

Thus ,  unde r  thi s interpretatio n o f  dynamicism ,  i t  i s  n o 
longe r  tru e tha t  th e dynamica l  hypothesi s i s consisten t  wit h 
symboli c modeling .  Thes e authors ,  however ,  d o no t  tak e 
thi s t o b e a  drawback ,  fo r  the y maintai n tha t  al l  symboli c 
model s giv e a  grossl y distorte d pictur e o f  rea l  cognition . 

Finally ,  m y lin e o f  defens e (Giunt i  1995 ,  1996 )  als o 
restrict s th e clas s o f  th e dynamica l  models ,  bu t  i n a 
differen t  way .  Th e hear t  o f  m y proposa l  lie s i n th e 
distinctio n betwee n tw o differen t  kind s o f  dynamica l 
models :  simulatio n model s an d Galilea n ones .  Thi s 
distinctio n i s a n attemp t  t o se t  apar t  two ,  quit e different , 
modelin g practices .  Simulatio n model s ar e mathematica l 
dynamica l  system s which ,  t o a  certai n extent ,  ar e abl e t o 
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reproduc e availabl e dat a abou t  certai n task s o r  domains . 
Beside s thi s empirica l  adequac y (whic h sometime s i s itsel f 
quit e weak )  i t  i s  ver> '  difBcult ,  i f  no t  impossible ,  t o fin d a n 
interpretatio n whic h assign s a  featur e (aspect ,  property )  o l 
th e rea l  syste m t o eac h componen t  o f  th e model .  B y 
contrast ,  Galilea n model s ar e buil t  i n suc h a  wa y tha t  n o 
componen t  o f  th e mode l  i s arbitrary .  Rather ,  eac h 
componen t  mus t  correspon d t o a  magnitud e o f  th e rea l 
syste m Galilea n modelin g i s i n principl e consisten t  wit h 
symbolic ,  connectioms U an d nonconnectionis t  continuou s 
modelin g a s well .  Wha t  I  hav e bee n arguin g fo r  i s  tha t  w e 
shoul d tak e th e idea l  o f  Galilea n modelin g mor e seriousl y 
for ,  i f  w e ar e successful ,  w e ar e goin g t o buil d a  bette r 
scienc e o f  cognition . 
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