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" T h e P r o p e r  T r e a t m e n t  o f  Cogn i t ion " 

T i m va n Gelde r 

Dq)artinen t  o f  Philosq)hy ,  Indian a Universit y 

BioomingtonIN4740 S 

(812 )  8S S 708 8 tgeldei@ucs.indiana.6d u 

A b s t r a c t 

The apparen t  contradictio n betwee n Smolensky' s 

clai m tha t  connectionis m i s presentin g a  dynamica l 

conceptio n o f  th e natur e o f  cognitio n a s a n alterna -

tiv e t o th e traditiona l  symboli c conception ,  an d 

Giunti' s  recen t  elaboratio n o f  computationa l  system s 

ar e specia l  case s o f  dynamica l  system s ca n b e resolve d 

by adoptin g a  framewor k i n whic h (a )  cognitiv e sys -

tem s ar e dynamica l  systems ,  (b )  cognitio n i s state -

spac e evolutio n i n dynamica l  systems ,  an d (c )  diffo* -

ence s betwee n majo r  researc h paradigm s i n cognitiv e 

scienc e ar e difference s i n th e kin d o f  dynamica l  sys -

tem s though t  mos t  appropriat e fo r  modelin g som e 

aspec t  o f  cognition ,  an d i n th e kind s o f  concepts , 

tool s an d technique s use d t o understan d system s o f 

tha t  kind . 

sis :  cognitio n i s state-spac e evolutio n i n dynamica l 

systems .  Thi s hypothesi s follow s naturall y fro m tw o 

ke y insights ,  discusse d below .  T h e first  i s 

Smolensky' s realizatio n tha t  a  dynamics-base d con -

ceptio n o f  cognitio n provide s a  dee p alternativ e t o tra -

ditiona l  computationa l  approaches .  Th e second ,  para -

doxically ,  i s  Marc o Giunti' s  demonstratio n tha t  tradi -

tiona l  computationa l  system s ar e specia l  case s o f  dy -

namica l  systems .  Th e apparen t  contradictio n i s re -

solve d b y seein g cognitiv e system s an d model s a s 

draw n fro m a  wid e rang e o f  possibl e kind s o f  dynami -

cal  systems.  Th e dee p contras t  i s  no t  betwee n compu -

tationa l  system s o n on e han d an d dynamica l  system s 

on th e other ,  i t  i s  betwee n kind s o f  dynamica l  sys -

tem ,  an d correspondin g kind s o f  concepts ,  tool s an d 

technique s fo r  analyzin g them . 

I f  cognitio n consist s o f  thos e internal ,  knowledge -

base d processe s whic h undo'li e sophisticate d huma n 

or  anima l  behavior ,  the n th e primar y questio n tha t 

cognitiv e scientist s addres s is :  wha t  kin d o f  processe s 

ar e these ? ̂  A  wid e rang e o f  answer s hav e bee n pro -

posed ,  varyin g wit h th e particula r  cognitiv e domai n 

(vision ,  languag e processing ,  etc )  unde r  consideratio n 

and th e leve l  o f  abstractio n a t  whic h th e answe r  i s 

framed .  I t  i s n o w becomin g increasingl y apparent , 

however ,  tha t  mos t  i f  no t  al l  suc h answer s ca n b e 

subsume d unde r  on e ver y genera l  empirica l  hypothe -

Thi s characterizatio n o f  cognitiv e scienc e i s no t  in -
tende d t o exclud e th e detaile d stud y o f  actua l  huma n o r 
anima l  performance .  A s Chomsk y fo r  on e pointe d 
out ,  ofte n th e mos t  appropriat e Hrs t  sug e i n th e 
stud y o f  cognitio n i s t o gai n a n adequat e descriptio n 
of  th e performanc e itself .  Thi s characterizatio n i s 
als o no t  intende d t o be g an y question s abou t  th e 
exten t  t o whic h thos e processe s underlyin g sophisti -
cate d performanc e nee d t o b e knowledge-based . 

1.  T h e Prope r  Treatmen t  o f 

Connec t i on i s m 

In  his widely-read and influential article The Propo-

Treatmen t  o f  Connectionis m (PTC )  (1988) , 

Smolensky' s ai m wa s t o articulat e th e connectionis t 

approac h t o cognitiv e science ,  an d t o contras t  i t  wit h 

th e traditiona l  "symbolic "  approach .  Sinc e th e latto ' 

approac h ha s bee n describe d i n detai l  i n man y place s 

(e.g. ,  Pylyshy n 1984) ,  I  wil l  no t  elaborat e o n i t  here ; 

suffic e t o sa y that ,  fo r  curren t  purposes ,  i t  ca n b e 

summarize d a s th e vie w tha t  cognitio n i s essentiall y 

computation :  (somethin g like )  th e rule-governe d ma -

nipulatio n o f  symboli c representation s wit h "concep -

tual "  leve l  semantics .  Smolensk y discusse d m a n y 

point s o f  contras t  betwee n th e symboli c an d th e con -

nectionis t  approaches ,  bu t  o f  particula r  concer n her e 

i s th e g e n o ^  accoun t  o f  th e natur e o f  cognitio n itsel f 

tha t  h e claime d t o find  embodie d i n connectionis t 
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work .  A  synthesize d versio n o f  tha t  accoun t  i s sum -

marize d i n th e followin g claims : 

PTC Dynamical Cognition Hypothesis 

(1 )  Conncctionis t  network s ar e high-dimensional , 

continuou s an d non-linea r  dynamica l  system s con -

sistin g o f  network s o f  interconnecte d units . 

(2 )  Cognitiv e system s ar e connectionis t  networks . 

(3 )  Cognitio n i s state-spac e evolutio n withi n connec -

tionis t  networks . 

(4 )  Th e mos t  appropriat e tool s fo r  th e stud y o f  cogni -

tio n ar e dynamica l  modellin g an d dynamica l  sys -

tem s theory . 

It turns out that this cluster of claims has been 

largel y ignore d i n subsequen t  discussion ;  fo r  example , 

almos t  n o mentio n o f  thes e theme s i s mad e i n th e in -

terdisciplinar y pee r  commentar y tha t  accompanie d 

P T C i n Behaviora l  an d Brai n Sciences .  Thi s i s 

somewhat  surprising ,  sinc e Smolensk y i s her e articu -

lating ,  apparenU y fo r  th e firs t  time,  a  dee p an d excit -

in g ne w descriptio n o f  th e natur e o f  cognition ,  on e 

ver y differen t  fro m th e dominan t  symboli c concep -

tion . 

Th e P T C approac h ca n b e assesse d fro m a t  leas t 

tw o directions :  a s a  descriptio n o f  connectionis m an d 

it s conceptua l  innovations ,  o n on e hand ,  an d a s a n 

hypothesi s concernin g th e natur e o f  cognitio n o n th e 

other .  A s a n accoun t  o f  connectionis m i t  i s  i n som e 

ways misleading .  I t  i s  probabl y tru e nowaday s tha t 

most  connectionis t  network s ar e high-dimensional , 

continuou s an d non-linear ,  bu t  o f  cours e ther e hav e 

bee n an d stil l  ar e strain s o f  connectionis t  wor k tha t 

rejec t  propertie s suc h a s continuity ,  o r  non-linearity . 

Mor e importandy ,  onl y a  relativel y smal l  portio n o f 

connectionis t  researcher s brin g genuinel y dynamica l 

method s t o bea r  i n thei r  description s o f  networ k func -

tionin g o r  cognitiv e processes ,  a t  leas t  i n an y exten -

siv e o r  systemati c way .  Indeed ,  mos t  connectionis t 

researcher s see m t o sh y awa y fro m dynamica l  meth -

od s eve n thoug h th e networic s the y se t  u p ar e i n fac t 

dynamica l  system s define d b y differentia l  o r  differenc e 

equations .  Ther e ar e a t  leas t  tw o fairl y standar d strate -

gie s fo r  doin g this .  O n e i s t o observ e th e behavio r  o f 

th e syste m onl y ove r  ver y fe w time  step s -  often ,  a s 

fe w a s on e o r  two ,  i n standar d feed-forwar d backprop -

agatio n networks .  Th e othe r  strateg y i s t o focu s atten -

tion  a t  an y give n tim e onl y o n restricte d portion s o f 

th e state-spac e -  e.g. ,  o n th e possibl e activit y pattern s 

ove r  th e hidde n units ,  o r  thos e ove r  th e outpu t  units . 

Indeed ,  i t  i s  standar d practic e t o shif t  attentio n fro m 

on e portio n o f  th e state-spac e t o anothe r  a t  eac h time 

step ,  a s whe n on e observe s h o w a n inpu t  patter n i s 

transforme d int o a  patter n ove r  th e first  hidde n layer , 

and s o forth .  Mos t  connectionist s criticall y depen d o n 

manoeuvre s suc h a s these ,  bu t  the y boti i  represen t 

ways o f  avoidin g thinkin g o f  cognitiv e processin g a s 

genera l  state-spac e evolution ,  an d consequenU y enabl e 

an d encourag e connectionist s t o us e analytica l  tech -

nique s quit e differen t  fro m thos e standar d i n dynamica l 

modelin g an d dynamica l  system s theory .  I n short ,  th e 

P T C perspectiv e m a y b e tru e t o mos t  connectionis t 

wor k i n som e respects ,  bu t  i n other s describe s onl y a 

smal l  portio n o f  it .  I t  i s  probabl y bes t  regarde d a s a t 

leas t  parU y normative :  a s describing ,  i n othe r  words , 

what  migh t  b e though t  o f  a s Ui e "mos t  interesting " 

connectionis t  j^proaches. ^ 

As a n accoun t  o f  a  nove l  conceptio n o f  th e natur e 

of  cognitio n th e P T C perspectiv e i s als o somewha t 

misleading .  A  fundamenta l  componen t  o f  P T C i s a 

shif t  t o a  dynamics-base d conceptio n o f  cognition . 

Smolensk y implie s tha t  thi s i s a  distinctivel y connec -

tionist  contribution .  However ,  ther e ar e increasin g 

number s o f  researcher s adoptin g dynamica l  approache s 

t o th e stud y o f  variou s aspect s o f  cognitio n withou t 

bein g connectionist s (see ,  e.g. ,  va n Geer t  1991 , 

Townsen d 1989 ,  Skard a &  Freema n 1987) .  Thes e re -

searcher s deplo y dynamica l  system s theor y i n con-

structin g model s o f  cognitiv e processes ,  eve n thoug h 

thos e model s d o no t  com e i n th e for m o f  network s o f 

interconnecte d processin g units .  The y believ e tha t 

cognitiv e system s ar e dynamica l  systems ,  an d tha t 

cognitio n i s state-spac e evolution ;  the y se e th e im -

portanc e o f  propertie s suc h a s continuit y an d non-lin -

earit y a s muc h a s an y connectionist .  Fro m thei r  poin t 

of  view ,  connectionis t  network s ar e jus t  on e wa y t o 

implemen t  genuinel y dynamica l  s^proaches . 

Th e upsho t  o f  thes e point s i s tha t  th e dynamica l 

conceptio n o f  cognitio n Smolensk y articulate s i n 

P TC (a )  accuratel y characterize s onl y par t  o f  connec -

tionist  work ,  bu t  (b )  i s hel d i n c o m m o n wit h variou s 

othe r  non-connectionis t  strand s o f  research .  Together , 

thes e sugges t  tha t  i t  woul d b e wron g t o tie  th e excit -

in g ide a tha t  cognitio n i s a  djmamica l  phenomeno n 

to o closel y t o connectionis m i n particular .  Ther e i s a 

^  Fo r  a  brie f  discussio n o f  th e us e o f  dynamica l  explana -
tor y method s i n connectionis t  psychologica l  mod -
elling ,  se e va n Gelde r  1991 . 
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differen t  an d mcH V natura l  concq)tua l  boundar y t o b e 

drawn .  I t  doe s no t  identif y th e dynamica l  conceptio n 

of  cognitio n wit h connectionism ,  bu t  rathe r  use s th e 

dynamica l  conceptio n a s th e centra l  commitmen t  ty -

in g togethe r  a  divers e grou p o f  researcher s whic h in -

clude s s o m e connectionists .  W e ca n thu s thin k o f 

"dynamicists "  a s thos e researcher s committe d t o 

somethin g lik e th e followin g ver y genera l  claims : 

General Dynamical Cognition Hypothesis: 

(a )  Cognitiv e system s ar e [non-computational ;  se e be -

low ]  dynamica l  systems . 

(b )  Cognitio n i s  state-spac e evolutio n withi n suc h 

dynamica l  systems . 

(c )  Th e mos t  appropriat e tool s fo r  th e stud y o f  cogni -

tio n ar e dynamica l  modellin g an d dynamica l  sys -

tem s theory . 

It is important to see that this hypothesis has two 

sides .  O n e specifie s (i n ver y abstrac t  terms )  th e natur e 

of  cognitiv e processes .  T h e othe r  i s methodological : 

i t  recommend s certai n kind s o f  tool s a s mos t  appro -

priat e fo r  th e detaile d investigatio n o f  cognition .  A s 

wil l  becom e mor e clea r  below ,  thes e tw o side s ar e 

complementary . 

2.  Computationa l  System s a s 
Dynamica l  System s 

In a recent PhD dissertation Marco Giunti has exhaus-

tivel y elaborate d th e thesi s tha t  computationa l  sys -

tems ,  includin g thos e deploye d i n th e mainstrea m 

symboli c approac h t o th e stud y o f  cognition ,  ar e spe -

cia l  case s o f  dynamica l  system s (se e Giunt i  1991) . 

Her e I  wil l  onl y illustrat e hi s positio n wit h a  coars e 

descriptio n o f  a  paradig m exampl e o f  computationa l 

systems ,  th e Turin g Machine ,  a s a  dynamica l  system . 

Th e overal l  stat e S  o f  a  Turin g Machin e a t  tim e t  i s 

full y  specifie d whe n w e k n o w th e content s o f  ever y 

cel l  o n th e tape ,  th e curren t  hea d state ,  an d th e curren t 

locatio n o f  th e head .  Sinc e th e tap e i s unbounde d i n 

bot h directions ,  a  usefu l  w a y t o represen t  thi s overal l 

stat e i s  S(t )  =  .. .  aaaaqaaaa... .  wher e eac h "a "  desig -

nate s th e content s o f  a  cel l  o f  th e tape ,  q  i s th e hea d 

state ,  an d th e hea d i s positione d ove r  th e cel l  immedi -

atel y t o th e right  o f  q .  Th e evolutio n equatio n F  fo r 

th e Turin g Machin e i s a  genera l  specificatio n o f  be -

havio r  o f  th e machine ,  i.e. ,  a  specificatio n o f  wha t 

stat e th e machin e wil l  g o t o a t  tim e t-t- 1 dq)endin g o n 

th e stat e i t  i s i n a t  tim e t ,  a s depicte d i n th e followin g 

schema : 

t  F  t+ 1 

.iiaaaqaaaa.. . ..aaaaqaaaa. , 

Eac h stat e transitio n i n a  Turin g Machin e involve s 

thre e elementar y changes :  writin g i n th e curren t  cell , 

changin g hea d state ,  an d movin g th e hea d eithe r  right 

or  left .  Th e exac t  natur e o f  th e stat e transitio n depend s 

o n th e content s o f  th e curren t  cel l  an d th e curren t  hea d 

state ,  i n a  wa y tha t  i s specifie d i n th e machin e table . 

Thu s th e machin e tabl e reall y i s th e evolutio n equa -

tion ,  thoug h encode d i n a  somewha t  unusua l  form . 

Th e genera l  for m o f  a n evolutio n equatio n fo r  a  dis -

cret e syste m i s S(t+1 )  =  F(S(t)) .  I n thi s cas e th e equa -

tio n i s a  tediou s conditiona l  easil y reconstructibl e 

fro m th e machin e table .  Th e tabl e below ,  fo r  exam -

ple ,  give s th e evolutio n equatio n fo r  Minsky' s seve n 

state ,  fou r  symbo l  univo^a l  Turin g Machin e (Minsk y 

1967) . 

Of  course ,  ther e i s nothin g distinctiv e abou t  Turin g 

S(t+1 )  =  F(S(I) )  = 

(halt ) 

..aaala_aa a i f  S(t )  = 

,.aaala_aa a i f  S(t )  = 

..aaa2alaa a i f  S(t )  = 

..aaalalaaa... .  i f  S(t )  = 

,.aaala_aaa... .  i f  S(t )  = 

,.aaaaY2aaa... .  i f  S(t )  = 

..aaaaA2aaa... .  i f  S(t )  = 

..aaaaY6aaa... .  i f  S(t )  = 

..aaaSaYaaa... .  i f  S(t )  = 

,.aaaa3_aaa... .  i f  S(t )  = 

,.aaa3aAaaa... .  i f  S(t )  = 

.aaa4alaaa... .  i f  S(t )  = 

,.aaa4aYaaa... .  i f  S(t )  = 

•aaaaYSaaa... .  i f  S(t )  = 

....aaaalYaaa. . 

....aaaal_aaa. . 

....aaaallaaa. . 

....aaaalAaaa.. . 

....aaaa2Yaaa.. . 

....aaaa2_aaa.. . 

....aaaa21aaa.. . 

....aaaa2Aaaa.. . 

....aaaaSYaaa.. . 

....aaaa3_aaa... . 

....aaaaSlaaa.. . 

....aaaa3Aaaa.. . 

....aaaa4Yaaa.. . 

....aaaa 4 aaa.. . 

..aaa7alaaa.. . 

,.aaa4alaaa.. . 

..aaaaYSaaa. . 

..aaa3aYaaa. . 

..aaaaASaaa. . 

..aaaal5aaa.. . 

..aaaaY6aaa. . 

..aaa3aAaaa. . 

,.aaaaA6aaa.. , 

.aaaal6aaa.. . 

..aaaa_7aaa.. . 

.aaaaY6aaa. . 

.aaaal7aaa.. . 

.aaa a 2aaa.. . 

.  i f  S(t )  • • 

.  i f  S(t )  = 

.  i f  S(t ) 

.  i f  S(t ) 

.  i f  S(t ) 

.  i f  S(t )  = 

.  i f  S(t ) 

.  i f  S(t ) 

.  i f  S(t ) 

i f  S(t )  = 

i f  S(t )  = 

.  i f  S(t ) 

.  i f  S(t )  : 

..aaaa41aaa.. . 

..aaaa4Aaaa.. . 

..aaaaSYaaa. . 

...aaaa51aaa.. . 

..aa a a f  Aaaa.. . 

..aaaa6Yaaa. . 

,..aaaa6_aaa.. . 

...aaaa61aaa.. . 

..aaaa6Aaaa.. . 

..aaaa7Yaaa.. . 

,..aaaa7_aaa.. . 

..aaaa71aaa.. . 

..aaaa7Aaaa.. . 
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Machine s i n thi s regard ,  althoug h thei r  relativ e famil -

iarit y make s i t  particularl y eas y t o illustrat e th e 

point .  Fro m thi s perspective ,  computatio n -  a  particu -

la r  sequenc e o f  symbo l  manipulation s withi n a  com -

putationa l  syste m -  turn s ou t  t o b e a  matte r  o f  state -

spac e evolutio n withi n th e particula r  lan d o f  discret e 

stat e spac e offere d b y a  digita l  computer .  (Indeed ,  w e 

migh t  sa y tha t  computatio n i s a  matte r  o f  tourin g th e 

state-space. )  Consequently ,  whe n th e symboli c ap -

proac h t o cognitio n construe s cognitiv e processe s a s 

computationa l  processes ,  i t  als o i s construin g the m 

as state-spac e evolutio n withi n (computational )  dy -

namica l  systems . 

3 .  T h e S p a c e o f  Cogn i t i v e S y s t e m s 

The fact that computational systems can be described 

as dynamica l  system s ha s importan t  implication s f( V 

th e discussio n i n th e first  section .  Th e P T C dy -

namica l  cognitio n hypothesi s an d it s mor e genera l 

counterpa n wer e bot h intende d a s presentin g alterna -

tive s t o th e symboli c conceptio n o f  cognition .  Th e 

deep differenc e betwee n th e symboli c approac h an d th e 

dynamica l  alternative s cannot ,  howevCT ,  b e a  contras t 

betwee n symbo l  manipulatio n o n on e han d an d state -

spac e evolutio n i n dynamica l  system s o n th e otho' , 

fo r  th e forme r  i s a  specia l  cas e o f  th e latter .  Rather , 

th e significan t  d^erence s mus t  li e i n th e kin d o f  dy -

namica l  syste m employed ,  an d th e kind s o f  concept s 

and tool s on e use s i n describin g thes e systems . 

Occasionally .  snq}pet s o f  di e officia l  rhetori c o f  th e 

computationa l  approac h t o cognitio n ha s bee n dynam -

ica l  i n flavor ,  recall ,  fo r  example ,  Newel l  &  Simon' s 

definitio n o f  a  pkydca l  symbo l  syste m a s " a machin e 

tha t  produce s throug h tim e a n evolvin g collectio n o f 

symbol  structures"̂ .  Typically ,  however ,  th e tools , 

technique s an d concq>t s o f  dynamical  modellin g an d 

dynamical  system s theor y ar e completel y absen t  fro m 

standar d discussion s o f  computationa l  systems .  W h y 

i s this ,  i f  computationa l  system s ar e specia l  case s o f 

dynamica l  systems ? Th e answe r  i s tha t  certai n way s 

of  thinkin g abou t  th e behavio r  o f  system s len d them -

selve s mos t  naturall y t o certai n kind s o f  systems . 

3 Newel l  &  Simo n (1981 )  p.40 .  I n Huma n Proble m 
Solvin g (1972 ;  pp.11-12 )  the y maintai n tha t  "th e 
explanation s o f  cognitiv e scienc e ar e no t  i n princi -
pl e differen t  fro m th e explanation s o f  an y othe r  sci -
ence whic h b  concerne d wit h th e dynamica l  behavio r 
of  som e system." . 

Variou s deepl y differen t  way s o f  understandin g behav -

io r  ca n b e applie d t o dynamica l  systems ,  bu t  ar e mos t 

effectiv e whe n applie d t o system s o f  particula r  kinds . 

Further ,  i t  i s  i n th e natur e o f  standar d computationa l 

systems ,  a s dynamica l  systems ,  t o encourag e algo -

rithmi c rathe r  tha n dynamica l  way s o f  thinking . 

Conside r  th e Turin g machin e again .  Thi s kin d o f 

computationa l  devic e originate d a s Turing' s ow n lot -

malizado n o f  th e proces s o f  elementar y arithmetica l 

calculation s usin g penci l  an d paper .  I t  i s  fro m thi s 

humbl e origi n tha t  th e extremel y simpl e natur e o f  ba -

si c Turin g machin e opo-ation s derive .  Consequently . 

Turin g Machine s a s dyiuimica l  system s ar e fundamen -

tally : 

(1 )  Discrete .  Eac h transitio n chang e take s plac e a t  a 

distinc t  poin t  i n "time" . 

(2 )  Digital .  Stat e transition s involv e a  jum p fro m on e 

unambiguousl y identifiabl e stat e t o another .  Th e 

symbol s whic h ca n appea r  i n th e cells ,  th e hea d 

states ,  an d th e hea d positions ,  ar e al l  digita l  i n 

character . 

(3 )  Deterministic .  Fro m eac h stat e ther e i s onl y on e 

nex t  stat e t o whic h di e machin e ca n change . 

(4 )  L o w interdependenc y o f  stat e variables .  Th e 

Turin g Machin e syste m contain s a n unbounde d 

number  o f  stat e variables ,  but ,  i n general ,  th e 

chang e i n an y give n stat e variabl e depend s o n onl y 

a v o y smal l  numbe r  o f  these .  Fo r  example ,  eac h 

cel l  o n di e tap e correspond s t o a  distinc t  stat e vari -

able .  Wil l  th e valu e o f  tha t  variabl e chang e i n a 

give n stat e variable ? Tha t  depend s o n th e value s o f 

onl y tw o othe r  variable s -  i.e. ,  o n hea d position , 

and hea d state . 

(S )  Local .  Eac h stat e transitio n involve s change s i n 

onl y thre e o f  th e unbounde d variables .  Th e outctnn e 

of  eac h transitio n i s anothe r  poin t  ver y "close "  i n 

stat e space . 

I t  is ,  o f  course ,  n o acciden t  tha t  di e Turin g Machin e 

exhibit s thi s particula r  combinatio n o f  features . 

Basically ,  the y mak e i t  possibl e t o thin k o f  th e be -

havio r  o f  th e machin e a s th e followin g o f  a n algo -

rithm .  Th e lo w interdependenc y o f  stat e variable s an d 

loca l  natur e o f  stat e transition s enabl e on e t o ignor e 

most  o f  th e stat e o f  th e machin e a t  an y give n time ; 

afte r  all ,  an y chang e depend s o n onl y tw o variable s 

and affect s a t  mos t  three .  Thes e features ,  i n othe r 

wOTds,  encourag e on e t o thin k o f  processin g step s no t 

as transition s fro m on e tota l  stat e o f  th e syste m t o 

anodier ,  bu t  rathe r  a s localize d alteration s i n particula r 
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variables .  The y encourag e thinkin g o f  th e behavio r  o f 

th e syste m no t  i n th e geometrica l  sens e o f  h o w th e 

syste m i s movin g throug h it s stat e space ,  bu t  i n th e 

mechanica l  o r  syntacti c sens e o f  h o w particula r  con -

stituent s ar e bein g manipulated .  Conside r  the n th e ef -

fec t  o f  addin g th e othe r  thre e majo r  feature s -  discrete -

nes s i n time ,  an d digita l  an d deterministi c stat e transi -

tions .  Combined ,  thes e hav e th e effec t  tha t  eac h o f 

thes e highl y loca l  alteration s ca n b e specifie d b y it s 

own simpl e rule .  Th e tota l  behavio r  o f  th e machin e i s 

the n a  sequenc e o f  elementar y rule-governe d steps .  B y 

carefu l  orderin g o f  thes e steps ,  th e desire d overal l  ef -

fec t  i s  achieve d -  i.e. .  th e behavio r  o f  th e machin e i s 

specifiabl e b y a n algorithm .  Tha t  is .  i t  i s  i n th e ver y 

natur e o f  a  Turin g machine ,  a s a  dynamica l  system . 

tha t  al l  it s  basi c stat e transition s ca n b e micro-man -

age d b y th e designe r  o f  th e machine .  Th e whol e ide a 

i s t o enabl e th e designe r  t o achiev e controlle d com -

plexit y i n th e overal l  behavio r  o f  th e machin e b y or -

derl y sequencin g o f  carefull y defme d elementar y opera -

tions .  Complexit y o f  globa l  behavio r  i s suppose d t o 

flo w from  simplicit y an d orde r  a t  th e base . 

My claim ,  then ,  i s tha t  fundamenta l  feature s o f  th e 

Turin g Machin e a s a  dynamica l  syste m directl y facili -

tat e thinkin g abou t  it s behavio r  i n algorithmi c term s 

-  an d algorithmi c mode s o f  analysi s ar e deepl y differ -

ent  fro m dynamica l  ones .  Generalizing .  I  ambitiousl y 

asser t  tha t  wha t  i s  tru e her e o f  Turin g Machine s hold s 

tru e o f  computationa l  system s mor e generally . 

Computationa l  system s (vo n N e u m a n n machines , 

LIS P machines ,  productio n systems ,  etc )  for m a  natu -

ra l  clas s b y virtu e o f  sharin g certai n fundamenta l 

characteristic s tha t  enabl e u s t o mos t  effectivel y de -

scrib e thei r  behavio r  i n basicall y algorithmi c terms . 

Conversely ,  th e kin d o f  connectionis t  system s tha t 

Smolensk y ha d i n min d whe n h e formulate d th e P T C 

conceptio n o f  cognitio n shar e certai n othe r  fundamen -

ta l  characteristic s whic h render  dynamica l  technique s 

fundamentall y appropriat e i n thei r  analysis . 

Waxin g metaphorically ,  w e ca n thin k o f  particula r 

dynamica l  system s a s fallin g int o a  vas t  spac e o f  pos -

sibl e kind s o f  dynamica l  systems .  Th e axe s o f  thi s 

spac e ar e th e fundamenta l  propertie s tha t  suc h sys -

tem s ca n hav e -  propertie s suc h a s continuit y v s dis -

creteness ,  degre e o f  interdependenc e o f  stat e variables , 

linearit y v s non-linearity ,  an d s o on .  Typical  compu -

tationa l  system s posses s a  certai n characteristi c se t  o f 

propertie s an d s o "cluster "  i n on e regio n o f  th e spac e 

of  possibl e systems .  Th e symboli c approac h t o cog -

nitio n ca n the n b e see n a s th e empirica l  hypothesi s 

tha t  rea l  cognitiv e system s ar e dynamica l  system s 

whic h als o fal l  int o tha t  particula r  regio n o f  th e spac e 

-  somewher e relativel y "close "  t o Turin g Machines . 

P T C.  b y contrast ,  focuse s o n system s tha t  ar e "con -

nectionist "  -  typicall y high-dimensional ,  continuou s 

and non-linea r  -  an d i s committe d t o th e empirica l 

hypothesi s tha t  rea l  cognitiv e system s belon g i n thi s 

comer .  Th e mor e genera l  dynamica l  conceptio n pro -

pose d a t  th e en d o f  Sectio n 1  ca n the n b e see n a s th e 

suggestio n tha t  th e P T C perspectiv e circumscribe s 

th e come r  int o whic h cognitiv e system s fal l  a  littl e 

to o narrowly ,  thoug h eve n th e wide r  are a embrace s 

onl y system s whic h deman d dynamica l  method s i n 

thei r  analysis .  Mos t  generall y o f  all .  eac h o f  thes e 

perspective s share s th e fundamenta l  assumptio n tha t 

rea l  cognitiv e system s ar e locate d somewher e i n thi s 

spac e o f  possibilities .  Thi s i s equivalen t  t o th e th e 

broa d empirica l  hypothesi s tha t  cognitio n i s state -

spac e evolutio n i n dynamica l  systems . 

I f  thi s i s right ,  i t  pose s a t  leas t  thre e majo r  ques -

tion s fo r  furthe r  research .  First ,  wha t  reall y ar e th e 

ke y dimension s o f  th e spac e o f  possibl e dynamica l 

systems ? Wha t  ar e th e dee p propertie s whic h mak e fo r 

fiindamenta l  difference s a m o n g kind s o f  dynamica l 

systems ? T o stretc h th e spatia l  metapho r  t o it s lim -

its ,  v/ha t  principa l  component s ca n w e abstrac t  fro m 

th e kind s o f  dynamica l  system s w e alread y k n o w 

about ? A  variet y o f  importan t  issue s hav e alread y fig -

ure d i n th e discussio n s o fa r  (i.e. ,  continuity ,  non -

linearity ,  degre e o f  interdependenc e o f  stat e variables , 

number  o f  stat e variables ,  digital ,  deterministic) ,  bu t 

ther e ar e als o m a n y othe r  relativel y obviou s 

candidate s (e.g. .  system s migh t  hav e numerica l  v s 

arbitrar y symboli c stat e variables ,  o r  b e time -

invariant ,  homogeneous ,  reversible ,  o r  chaotic) ,  an d 

no doub t  a  variet y o f  not-so-obviou s one s a s well . 

F ro m th e perspectiv e bein g advance d here ,  properl y 

understandin g th e possibl e form s tha t  cognitiv e 

processe s migh t  take ,  an d th e relationship s betwee n 

differen t  researc h program s i n cognitiv e science , 

presuppose s clearl y understandin g th e mos t  basi c 

kind s o f  pr(^rtie s tha t  dynamica l  system s ca n have . 

Second ,  wha t  ar e th e natura l  cluster s withi n thi s 

spac e o f  possibilities ? Thi s i s reall y th e question : 

what  ar e th e natura l  kind s o f  dynamica l  system s (i f 

any) ,  base d o n thei r  dee p properties ? I t  seem s plausi -

bl e that ,  fo r  example ,  classica l  computationa l  sys -

tem s an d perhap s connectionis t  system s (o r  variou s 
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sub-categorie s o f  them )  coher e int o identifiabl e types , 

on th e basi s o f  whic h mor e specifi c  hypothese s con -

cernin g th e natur e o f  cognitiv e processe s ca n b e 

framed .  Bu t  ar e ther e othe r  candidate s a s well ? Perhap s 

certai n type s o f  analo g computers ,  o r  th e kind s o f 

system s deploye d b y th e non-connectionis t  dynami -

cist s mentione d above ,  ar e equall y candidates . 

Third ,  wha t  argument s ca n b e formulate d fo r  sup -

posin g tha t  rea l  cognitiv e system s belon g t o a  give n 

kind ? Mainstrea m computationa l  cognitiv e scienc e 

can b e understoo d a s makin g a  be t  -  underwritte n b y 

some respectabl e argument s -  tha t  rea l  cognitiv e sys -

tems belon g i n thei r  come r  o f  th e spac e o f  possibl e 

dynamica l  systems ,  an d henc e tha t  computationa l  sys -

tems wil l  provid e th e bes t  models ,  an d computationa l 

method s wil l  provid e th e bes t  analyses .  Fro m th e 

poin t  o f  vie w o f  others ,  suc h a s dynamicists ,  th e 

computationa l  come r  look s mor e lik e a  ghetto ,  a  par -

ticularl y narro w an d confinin g noo k whic h peopl e 

sta y i n no t  ou t  o f  choic e bu t  becaus e o f  unfortunat e 

historica l  contingencies .  Thei r  be t  i s  tha t  rea l  cogni -

tiv e system s ar e t o b e foun d i n relativel y remot e re -

gion s inhabite d b y system s whic h deman d genuinel y 

dynamica l  technique s i f  the y ar e t o b e properl y under -

stood .  Th e genera l  argument s i n favo r  o f  thi s positio n 

ar e ye t  t o b e worke d ou t  i n detail ,  bu t  a t  leas t  on e in -

tuitio n i s wort h motionin g a t  thi s stage :  i f  computa -

tiona l  system s ar e attractiv e cognitiv e model s fo r 

agent s conceive d a s abstrac t  reasoners ,  certai n kind s o f 

non-computationa l  system s appea r  mor e deepl y suite d 

fo r  model s o f  agent s conceive d a s situate d actors . 
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