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T a k i n g connectionis m seriously : 

th e vagu e promis e o f  subsymbolis m an d a n alternative . 

Paul  F.MJ.Verschur e 
AI  lab .  Institut e fo r  Informatics ,  Universit y o f  Zurich , 

Winterthurerstrass e 190 ,  C H -  805 7 Zurich , 
Switzerlan d 

e-mail :  verschui@iri.unizh.c h 

A b s t r a c t 

Connectionism is drawing much attention as a 
ne w paradig m fo r  cognitiv e science .  A n importan t 
objectiv e o f  connectionis m ha s becom e th e 
definitio n o f  a  subsymboli c bridg e betwee n th e 
min d an d th e brain . 

By analyzin g a n importan t  exampl e o f  thi s 
subsymboli c approach ,  NETtalk ,  I  wil l  sho w tha t 
thi s typ e o f  connectionis m doe s no t  fulfi l  it s 
promise s an d i s  applyin g ne w technique s i n a 
symboli c approach . 

I t  i s  show n tha t  connectionis t  model s ca n onl y 
become par t  o f  suc h a  ne w approac h whe n the y ar e 
embedded i n a n alternativ e conceptua l  framewor k 
wher e th e emphasi s i s  no t  place d upo n wha t 
knowledg e a  syste m mus t  posse s t o b e abl e t o 
accomplis h a  tas k bu t  o n ho w a  syste m ca n develo p 
thi s knowledg e throug h it s  interactio n wit h th e 
environment . 

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

Connectionism has been gaining much attention in 
cognitiv e science .  O n o f  th e reason s i s  tha t 
problem s o f  th e traditiona l  cognitivisti c approach , 
lik e th e nee d fo r  nois e an d faul t  toleranc e an d th e 
capabilit y t o generalize ,  ar e solvabl e wit h 
connectionist ,  brain-like ,  techniques . 

Thi s proposa l  make s th e proble m o f  complet e 
reductio n (PCR )  (Haugeland ,  1978) ,  o r  o f  ho w a 
symboli c descriptio n o f  cognitio n ca n b e reduce d t o 
a non-symboh c one ,  agai n highl y relevan t 

I n th e traditiona l  cognitivisti c vie w cognitio n i s 
see n a s forma l  symbo l  manipulation .  Th e basi c 
step s o f  thi s approac h ca n b e define d as :  "1 , 
Characteriz e th e situatio n i n term s o f  identifiabl e 
object s wit h wel l  deflne d properties .  2 ,  Fin d genera l 
rule s tha t  appl y t o situation s i n term s o f  thos e 
object s an d properties .  3 ,  Appl y th e rule s t o th e 
situatio n o f  concern ,  drawin g conclusion s abou t 
what  shoul d b e done. "  (Winogra d an d Flores ,  1986 , 
p.  15) . 

The physica l  symbo l  syste m hypothesi s (Newell , 
1980 )  ca n b e take n a s th e mos t  influentia l 

formulatio n o f  thi s approach .  Th e hypothesi s state s 
tha t  a  physica l  symbo l  syste m (PSS )  constitute s 
th e necessar y an d sufficien t  condition s fo r  genera l 
intelligence .  A  PS S consist s o f  a  se t  o f  action s an d 
i s embedde d i n a  worl d tha t  consist s o f  discret e 
states ;  object s an d thei r  relations .  Moreover ,  a  PS S 
has a  "bod y o f  knowledge "  tha t  specifie s th e 
relation s betwee n th e event s i n th e worl d an d th e 
action s o f  th e system ,  w e ca n als o refe r  t o thi s bod y 
of  knowledg e a s a  worl d mode l  buil t  u p wit h 
symboli c representations .  T h e action s o f  th e 
system ,  eithe r  i n th e world ,  o r  interna l  inferences , 
ar e organize d aroun d th e goal s o f  th e syste m 
accordin g t o th e principl e o f  rationality :  roughl y a 
syste m wil l  us e it s knowledg e t o reac h it s goals . 
An importan t  implicatio n o f  thi s conceptualizatio n 
of  cognitio n i s tha t  i t  ca n (an d must )  b e modelle d a t 
th e abstrac t  leve l  o f  symbo l  manipulation .  Th e 
specific s o f  th e implementatio n are ,  therefore ,  o f  n o 
importance .  P*C R i s n o longe r  a n issu e sinc e th e 
non symboli c leve l  o f  brai n dynamic s i s no t  take n 
t o b e ver y relevan t  i n explainin g cognition . 

Th e hypothesi s o f  physica l  symbo l  system s i s 
ofte n see n a s th e onl y plausibl e mode l  fo r  genera l 
intelligenc e whic h ha s n o seriou s competitor s (e.g . 
Pylyshyn ,  1989) .  Despit e thi s clai m thi s paradig m 
als o confront s som e seriou s problems .  O n e o f  thes e 
problem s i s th e symbo l  groundin g proble m 
(Hamad ,  1990) ,  o r  th e questio n o f  h o w symbol s 
acquir e thei r  meaning .  I n th e cognitivisti c traditio n 
th e meanin g o f  symbol s i s take n a s give n (Newell , 
1981) ,  whic h implie s tha t  cognitivis m ha s t o reso n 
t o a  nativisti c position :  tha t  th e "bod y o f 
knowledge "  i s  jus t  presen t  fro m th e star t  on . 
Moreover ,  on e ha s t o assum e tha t  th e syste m 
possesse s ver y reliabl e transductio n function s tha t 
allo w th e couplin g betwee n event s an d object s i n 
th e worl d an d thei r  interna l  symboli c representation . 
Thes e assumptio n hav e bee n criticize d o n severa l 
grounds .  Fo r  instance ,  th e genom e doe s no t  hav e 
th e codin g capacit y t o represen t  thi s bod y o f 
knowledg e (Edelman ,  1987) ,  o r  i t  stil l  need s t o b e 
explaine d h o w durin g evolutio n thi s "bod y o f 
knowledge "  coul d hav e bee n acquire d (Piage t  i n 
Piatelli-Palmarini ,  1980) .  Moreover ,  practica l 
application s develope d withi n thi s paradigm ,  fo r 
instanc e robo t  contro l  architectures ,  hav e no t  bee n 
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ver y successfu l  (se e Malcol m e i  al. .  1989 ,  fo r  a n 
overview) . 

A relate d issu e i s th e fram e o f  referenc e proble m 
(FOR)  (Clanccy .  1992 )  whic h conceptualize s th e 
relatio n betwee n th e designer ,  th e observer ,  an d th e 
system .  Th e designe r  o f  a  syste m develop s thi s 
syste m ou t  o f  his/he r  domai n ontolog y (i.e .  a 
categorizatio n o f  th e tas k domai n int o events , 

objects ,  an d relations) .  Th e consequenc e o f  thi s i s 
tha t  th e knowledg e o n whic h th e syste m i s base d i s 
grounde d i n th e experienc e o f  th e designe r  an d tha t 
thi s domai n ontolog y i s static . 

A n alternativ e positio n toward s explainin g 
cognitio n ca n b e foun d i n traditiona l  connectionis m 
(e.g .  Rosenblatt .  19S8) .  Her e th e hypothesi s o f 
forma l  symbo l  manipulatio n wa s rejecte d i n favou r 
of  theorie s tha t  tak e th e dynamic s o f  th e brai n int o 
account .  Th e appropriat e too l  her e wa s no t  logi c bu t 
statistics .  I t  i s  assume d tha t  b y interactin g i n it s 
environmen t  a n organism ,  whic h doe s no t  posses s 
prio r  knowledg e o f  thi s environment ,  develop s 
preference s fo r  specifi c  response s t o certai n stimuli . 
The evolvin g association s betwee n stimul i  an d 
response s ar e directl y relate d t o th e developmen t  o f 
distinc t  connectio n pattern s i n it s nervou s system . 
Th e classica l  exampl e o f  thi s approac h i s th e 
perceptro n propose d b y Rosenblat t  (19S8) .  Als o i n 
thi s cas e FKT R i s dissolve d sinc e th e intentiona l 
leve l  o f  symbo l  manipulatio n i s no t  take n l o b e 
relevan t  i n explainin g behavior . 

W h en w e compar e th e solution s o f  P C R o f  bot h 
approache s the y hav e tw o contradictor y positions . 
Whil e cognitivis m emphasize s th e importanc e o f  a 
forma l  symbo l  manipulatin g min d traditiona l 
connectionis m underline s th e importanc e o f  th e 
dynamica l  brain .  Thi s contras t  ca n b e see n a s a 
mind-brai n d i l emm a (Verschure ,  1992) . 
Subsymboli c connectionis m ha s a n alternativ e 
positio n toward s thi s dilemma . 

Smolensk y (1988 )  trie d t o defin e a  theoretica l 
framewori c fo r  connectionis m wher e h e assume s tha t 
cognition ,  a s describe d withi n classica l  cognitivism , 
i s a n emergen t  propert y o f  th e interactio n o f  a  larg e 
number  o f  unit s whic h ar e subsymbolic .  Hi s 
proposa l  i s  base d o n development s i n th e presen t 
mai n strea m o f  connectionis t  researc h (e.g . 
Rumeihar t  an d McClelland ,  1986) . 

Smolensk y assume s tha t  i n a  connectionis t  mode l 
symbol s ar e encode d b y th e comple x pattern s o f 
activit y ove r  man y units .  Eac h uni t  participate s i n 
many suc h pattern s .. .  Th e interaction s betwee n 
individua l  unit s ar e simple ,  bu t  thes e unit s d o no t 
hav e conceptua l  semantics :  the y ar e subconceptual ' 
(Smolensk y ,  1988 ,  p .  6) . 

Th e subsymboli c descriptio n o f  cognitio n a t  th e 
leve l  o f  unit s i s suppose d t o be ,  i n principle , 
reducibl e t o brai n processes .  Th e limite d knowledg e 
we hav e o f  th e brai n i s her e see n a s th e onl y barrie r 
we hav e t o tak e t o complet e thi s subsymboli c 
reductio n o f  cognition . 

Subsymboli c connectionis m offer s a  ne w 
perspectiv e o n th e relatio n betwee n th e min d an d th e 
brain .  I t  assume s tha t  bot h level s ca n b e joine d u p 

by specifyin g "bridgin g principles "  betwee n th e 
cognitivisti c symbo l  manipulatin g min d an d th e 
dynami c brain .  I f  thi s approac h ca n sho w ho w P C R 
can b e solve d withou t  rejectin g on e o f  th e level s o f 
descriptio n involve d i t  ca n indee d b e take n a s 
progress . 

T o evaluat e thi s clai m o f  subsymboli c 
connectionis m 1  wil l  flrst  analyz e it s paradigmati c 

example ,  NETtalk .  Thi s analysi s wil l  sho w tha t 
subsymboli c connectionis m doe s no t  fulfl l  it s 
promis e t o solv e th e mind-brai n dilemma ,  bu t  stil l 
constitutes ,  i n essence ,  a  symboli c approach .  Nex t  I 
wil l  sketc h a n alternativ e framewor k whic h doe s 
allo w a  solutio n t o thi s dilemma .  Centra l  t o thi s 
alternativ e positio n i s tha t  i n orde r  t o understan d 
cognitio n th e focu s shoul d no t  b e o n a  predeHne d 
"bod y o f  knowledge" ,  bu t  o n h o w thi s ca n b e 
acquire d throug h th e system-environmen t 
interaction . 

NETtalk: the example of 

s u b s y m b o l i c r educ t i o n 

NETtalk, the famous 'parallel network that learns 
t o rea d aloud '  b y Sejnowsk i  an d Rosenber g (1986 , 
1987 )  i s pu t  forwar d b y Smolensky ,  an d others ,  a s 
th e exampl e o f  subsymboli c reduction . 

Wit h NETtal k Sejnowsk i  an d Rosenber g hav e 
successfull y buil t  a  mode l  tha t  coul d pronounc e 
Englis h words .  Althoug h the y acknowledg e th e 
difference s betwee n th e architectur e o f  NETtal k an d 
th e brai n the y assum e tha t  NETtal k ca n teac h u s 
ho w informatio n (i n thi s cas e lette r  t o phonem e 
mappings )  i s represente d i n larg e population s o f 
neurons' . 

The inpu t  laye r  o f  NETtal k consist s o f  7  identica l 
group s o f  2 9 unit s each .  Th e letter s o f  th e alphabe t 
plu s 3  extr a feature s representin g wor d boundar y an d 
punctuatio n ar e code d i n ever y grou p b y a  specia l 
unit .  Th e hidde n laye r  o f  NETtal k ha s n o pre -
assigne d interpretatio n bu t  i s necessar y t o 
accomplis h th e mappin g betwee n th e input -  an d th e 
outpu t  layer .  Ever y uni t  o f  th e outpu t  laye r 
represent s on e o f  2 3 articulator y feature s o r  on e o f  3 
feature s represendn g stres s an d syllabl e boundaries . 
The networ k learns ,  b y mean s o f  bac k propagation , 
t o associat e th e lette r  code d fo r  b y th e activ e uni t  o f 
th e fourt h grou p o f  th e inpu t  laye r  wit h a  specifi c 
set  o f  articulator y feature s represente d b y a  specifi c 
patter n o f  activ e ouqw t  units .  Th e othe r  6  group s o f 
th e inpu t  laye r  provid e a  context .  Th e couple d 
activatio n pattern s o f  th e input -  an d outpu t  laye r  ar e 
determine d b y th e designer s o f  th e system . 

NETtal k i s abl e t o lear n t o correctl y pronounc e 
9 5 % o f  th e presente d word s afte r  trainin g wit h 
5000 0 words .  I t  coul d correctl y generaliz e t o ne w 
case s i n 7 8 % o f  th e tes t  words . 

Sejnowsk i  an d Rosenber g nex t  trie d t o determin e 
th e feature s code d b y th e hidde n unit s o f  NETtal k b y 
clusterin g inpu t  pauem s tha t  lea d t o th e sam e 
activatio n pattern s o f  thes e elements .  Thi s cluste r 
analysi s o f  NETtal k showe d tha t  th e activit y 
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Tense d 
Mediu m 
H ig h 
Centra l 
Fron t  1 
Fron t  2 
Centra l  2 
Lo w 
Back l 
Back 2 

wels : 

9 
8 
6 
5 
5 
5 
4 
4 
2 
2 

Consonani s 

0 
0 
1 
1 
1 
2 
0 
0 
0 
0 

Vowels : 

Voice d 
Unvo ice d 
Fricativ e 
Palata l 
Vela r 
Labia l 
Sto p 
Afincativ e 
Alveola r 
Nasal 
Denta l 
Liqui d 

Glid e 
Glotta l 

1 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 

Consonants : 

21 
1 2 
9 
8 
8 
7 
7 
6 
6 
6 
5 
4 

3 
1 

Tabl e 1 :  th e frequenc y o f  occurrenc e o f  th e articulator y feature s i n codin g vowel s an d consonants . 

pattern s o f  th e hidde n unit s coul d b e understoo d a s 
separatin g tw o mai n features :  vowel s an d 
consonants .  Thes e result s wher e considere d t o b e a n 
importan t  proo f  o f  th e powe r  o f  subsymboli c 
computing :  th e emergenc e o f  a  'symbolic ' 
separatio n o f  th e lette r  t o phonem e mappin g i n 
vowel s an d consonanis . 

A close r  analysi s o f  th e lette r  t o phonem e 
mappin g th e networ k ha s t o lear n shows ,  however , 
tha t  th e pattern s presente d t o th e networ k ca n 
beforehan d b e separate d int o tw o globa l  categories : 
vowel s an d consonants .  T o illustrat e thi s i n Tabl e 1 
th e 2 4 articulator y feature s represente d b y th e unit s 
of  th e outpu t  laye r  ar e show n wit h thei r  frequenc y 
of  bein g involve d i n codin g a  vowe l  o r  a  consonant . 
Articulator y feature s tha t  ar e use d t o cod e bot h 
vowel s an d consonant s ar e printe d i n bol d face . 
Tabl e 1  show s tha t  th e feature s tha t  ar e use d t o cod e 
abou t  9 5 % o f  th e vowel s onl y cod e abou t  5 % o f  th e 
consonant s an d vic e versa .  Onl y 8  o f  th e 2 4 feature s 
sho w a n overla p an d ar e use d fo r  codin g vowel s an d 
consonants .  Notice ,  however ,  tha t  thi s overla p i s 
alway s rathe r  limited .  Fo r  instanc e th e featur e 
"Unvoiced "  i s use d 1 2 time s i n encodin g a 
consonan t  an d onl y onc e i n encodin g a  vowel . 
Becaus e ever y inpu t  lette r  i s  relate d t o a  numbe r  o f 
articulator y feature s i t  ca n unambiguousl y b e code d 
as a  vowe l  o r  a  consonant .  Onl y on e o f  th e 5 1 
symbol s learne d i s completel y define d b y feature s 
relate d t o th e opposit e clas s (th e lette r  c  a s 
pronounce d i n logi c i s completel y define d b y 
articulator y feature s whic h mostl y cod e vowels) . 
See Vcrschur e (1992 )  fo r  a n elaborat e analysis . 

NETtal k i s pu t  forwar d a s a  clea r  exampl e o f  a 
model  possessin g subsymboli c representations .  I n 
thi s analysi s i t  i s  shown ,  however ,  tha t  th e 
subsymboli c reductio n give n b y NETtal k o f  th e 
pronunciatio n o f  Englis h words ,  expresse d i n th e 
separatio n o f  vowel s an d consonants ,  i s  pu t  i n b y 
th e designer s o f  th e system .  Th e vowel s ar e alway s 
translate d t o a  se t  o f  articulator y feature s o f  whic h 
we kno w beforehan d tha t  the y distinguis h vowel s 
fro m consonants .  Therefore ,  i t  i s  no t  surprisin g tha t 
NETtal k learn s t o discriminat e the m fro m th e 

categor y o f  pattern s codin g consonants .  Th e tric k 
of  subsymboli c reductio n seem s t o li e i n th e 
transformatio n fro m th e symbol s (i n thi s cas e 
articulator y features )  t o th e actua l  activatio n pattern s 
tha t  NETtal k learns .  Thi s transformation ,  whic h 
conserve s symboli c regularitie s ( a vowel<onsonan t 
distinction) ,  i s  mad e b y th e designers :  Sejnowsk i 
and Rosenber g an d no t  b y NETtalk .  Thercfwe ,  th e 
clai m tha t  NETtal k starte d ou t  withou t  'considoabl e 
"innate "  knowledg e i n th e for m o f  inpu t  an d outpu t 
representation s tha t  wer e chose n b y th e 
experimenters '  (Sejnowsk i  &  Rosenberg ,  1987 , 
p.  158 )  doe s no t  relat e t o th e realit y behin d th e 
model . 

T h e analysi s o f  NETta l k suggest s tha t 
subsymboli c reductio n seem s t o boi l  d o w n t o a 
circularit y consistin g o f  th e followin g steps :  1 ,  Th e 
designe r  o f  th e syste m define s basi c symboli c 
propertie s i n whic h a  certai n tas k ca n b e describe d 
(i n NETtal k articulator y feature s an d characters) :  th e 
knowledg e th e syste m mus t  hav e t o accomplis h th e 
tas k i s defined .  2 ,  Thes e propertie s ge t  translate d t o 
regularitie s o f  activatio n pattern s presente d t o a 
connectionis t  mode l  (i n th e cas e o f  NETtal k thi s i s 
expresse d i n whic h lette r  shoul d b e pronounce d wit h 
whic h se t  o f  pronunciatio n features) .  3 ,  Th e 
connectionis t  mode l  learn s t o separat e th e pattern s 
un thei r  difference s an d group s the m togethe r  o n 
ihei r  regularities .  Thes e separation s an d grouping s 
get  expresse d i n th e dynamic s o f  th e network ,  fo r 
instanc e i n th e activatio n o f  th e hidde n laye r  o r  i n a 
specifi c  distributio n o f  th e weights .  4 ,  T h e 
regularitie s expresse d i n th e dynamic s o f  th e 
network ,  whic h ar e completel y determine d b y th e 
regularitie s pu t  i n b y th e designer s o f  th e system , 
ar e symbolicall y interprete d b y th e design^ -  (i n th e 
cas e o f  NETtal k a s a  vowel/consonan t  distinction) . 
Step s 1  t o 3  sho w a  stron g similarit y t o th e one s o f 
th e cognitivisti c approac h liste d earlier .  I t  ca n b e 
show n (Verschure ,  1992 )  tha t  thi s hypothesi s 
concernin g th e circularit y o f  subsymboli c reduction 
ca n easil y b e generalize d t o othe r  connectionis t 
model s whic h hav e 'emergent '  propertie s an d 
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model s iha i  rel y o n completel y disiribuie d 
representations . 

Subsymbolis m seem s t o b e base d o n a 
misconceptio n o f  th e epistemologica l  statu s o f  th e 
representation s o f  th e mode l  (Verschure .  1990) . 
Knowledg e tha t  i s pu t  i n b y th e designers ,  tha t 
relate s t o thei r  domai n ontolog y (th e symboli c 

categorizatio n o f  th e domai n consistin g o f  character s 
and phoneti c features) ,  i s erroneousl y interprete d a s 
an emergen t  propert y o f  th e model .  Thi s provide s 
anothe r  exampl e o f  th e seriousnes s o f  th e FO R 
problem . 

The solutio n o f  th e mind-brai n dilemm a tha t 
subsymboli c connectionis m offer s remain s a  vagu e 
promise . 

F r o m s y m b o l s t o dynamic s 

The analysis of NETtalk showed that subsymbolic 
connectionis m ca n b e see n a s a  ne w methodolog y i n 
a wel l  know n theoretica l  framework :  cognilivism . 
The initia l  ambitio n o f  connectionis m t o for m a n 
alternativ e paradig m fo r  cognitiv e scienc e i s no t 
fulfilled .  I t  seem s usefu l  t o reevaluat e th e rol e tha t 
connectionis m ca n pla y i n cognitiv e science . 

To reasses s th e ambitio n o f  connectionis m i t  i s 
usefu l  t o firs t  evaluat e th e natur e o f  connectionis t 
models .  Connectionis t  model s ar e dynamica l 
structure s wit h a  brain-lik e flavor ,  bu t  the y ca n als o 
be applie d t o mode l  othe r  phenomen a lik e th e 
immune syste m o r  aut o catalysi s (e.g .  Farmer , 
1990) .  Thi s implie s tha t  thes e model s ar e neutra l  t o 
any interpretatio n an d canno t  b y themselve s 
constitut e a  ne w paradigm . 

I n deflnin g a n alternativ e conceptua l  framewor k 
th e FO R proble m ca n b e take n a s a  startin g point . 
To understan d behavio r  i t  i s  importan t  no t  l o 
confus e th e differen t  perspective s involved .  I f  th e 
desig n o f  a  syste m i s base d o n a n externa l  domai n 
ontolog y (fro m th e designe r  o r  observer )  an d it s 
behavio r  i s interprete d a s i f  i t  wer e relate d t o th e 
experienc e o f  th e artefac t  w e ar e suddenl y confronte d 
wit h th e symbo l  groundin g problem .  Because ,  i t  i s 
not  recognize d tha t  th e representation s o f  th e syste m 
ar e founde d i n thi s externa l  domai n ontology .  I n 
thi s respec t  th e symbo l  groundin g proble m ca n b e 
seen a s a n artifac t  o f  a  symboli c approac h whic h 
ignore s th e FO R problem . 

I t  i s  obviou s tha t  intelligenc e i s relate d t o 
knowledge .  Th e poin t  is ,  however ,  tha t  thi s 
knowledg e shoul d from  th e star t  o n b e grounde d i n 
th e experienc e o f  th e syste m an d no t  i n tha t  o f  th e 
designe r  o r  observer .  Moreover ,  symboli c 
description s o f  behaviora l  regularitie s ca n b e take n 
as bein g pa n o f  a n observe r  ontology .  Bu t  ther e i s 
no reaso n t o automaticall y assum e tha t  th e behavio r 
of  th e syste m i s produce d b y interna l  symboli c 
processe s tha t  mirro r  thes e regularities . 

Give n th e abov e mentione d problem s ther e i s 
no reaso n t o subscrib e immediatel y t o th e 
assumption s mad e b y cognitivism .  I n ou r  ow n 
work ,  whic h relate s t o th e emergin g field  o f  "Ne w 

AI "  (Brooks ,  1991) .  a  differen t  se t  o f  assumption s 
i s made .  Th e fû t  assumptio n i s tha t  cognitio n ca n 
onl y b e modelle d usin g autonomou s agent s (se e 
als o Brooks .  1991) :  system s tha t  hav e realisti c 
sensor s an d effector s wit h whic h the y interac t  wit h 
th e world .  Next ,  thes e system s d o no t  assum e 
highl y reliable  transductio n function s tha t  tak e car e 
of  th e perceptio n of ,  fo r  instance ,  a  letter ,  bu t  ihe y 
span th e whol e domai n from  sensin g t o acting . 
Thi s allow s th e developmen t  o f  representation s tha t 
ar e grounde d i n th e experienc e o f  th e system .  Th e 
behavio r  o f  th e syste m i s no t  separabl e fro m it s 

environment .  I t  i s  th e resul t  o f  th e ongoin g 
interactio n betwee n th e tw o an d no t  a  distinc t 
propert y o f  on e o f  thes e element s (e.g .  Ashby , 
1960)  Furthermore ,  a  differen t  se t  o f  assumption s 
about  th e worl d i s made :  First ,  th e rea l  worl d i s 
constantl y changing ,  onl y partiall y  knowable .  an d 
onl y partiall y  predictable .  Therefw e ther e canno t  b e 
a predefine d bod y o f  knowledg e tha t  approximate s 
th e propertie s o f  th e rea l  worl d (se e als o Agr e & 
Chapman.  1988 ;  Suchman ,  1987) .  Second ,  th e 
worl d doe s no t  consis t  o f  a  collectio n o f  events . 
The notio n even t  i s completel y connecte d t o th e 
interactio n betwee n a  syste m an d th e world .  Thi s 
las t  poin t  wil l  b e furthe r  deal t  wit h i n th e 
discussio n section . 

Whil e cognitivis m assume s tha t  ther e i s a  "bod y 
of  knowledge "  t o b e abl e t o explai n behavio r  an d 
postpone s th e questio n o f  learnin g (Haugeland , 
198S)  thi s proposa l  take s th e opposit e strategy .  Th e 
centra l  them e i s ho w a  syste m ca n acquir e 
knowledg e fro m it s interactio n wit h th e world :  ho w 
does adaptatio n tak e plac e an d wha t  ar e it s 
prerequisites .  Moreover ,  al l  processes ,  interna l  an d 
external ,  ar e i n principl e dynamic .  Th e observe d 
behavio r  can .  however ,  b e describe d i n symboli c 
terms . 

Startin g wit h th e assumption s outline d abov e w e 
hav e develope d a  desig n methodolog y fo r 
autonomou s agents ,  distribute d adaptiv e contro l 
( D A Q (Pfeife r  &  Verschure .  1992 ;  Verschur e etal. , 
1992 )  whic h i s base d o n a  mode l  fo r  classica l 
conditionin g (Verschur e &  Coolen ,  1991) .  Th e 
basi c propertie s o f  th e syste m ar e related  t o a  valu e 
scheme,  whic h i s take n u > b e defme d b y th e geneti c 
setu p o f  th e syste m (Edelman ,  1987) .  Th e valu e 
scheme define s th e propertie s o f  th e sensor s an d 
effector s an d som e initia l  sense-ac t  relation s 
(reflexes) .  Th e valu e schem e allow s a  coars e 
adaptatio n t o th e environment ,  fo r  instance ,  whe n 
ther e i s a  collisio n t o th e lef t  tur n t o th e righ t  Th e 
syste m i s als o equipe d wit h a  mor e s(̂ histicate d 
sensor :  a n invers e rang e finde r  whic h represents,  i n 
essence ,  tim e t o contac t  Th e state s o f  thi s mor e 
sophisticate d senso r  ar e graduall y integrate d int o th e 
basi c reflexe s o f  th e syste m du e t o th e syste m 
environmen t  interaction .  Thi s integratio n process , 
whic h i s base d o n a  Hebbia n learnin g mechanism , 
wil l  lea d t o a  fine  tune d adaptatio n t o th e specific s 
of  th e environmen t  I n Figur e 1  th e se t  u p o f  th e 
contro l  architectur e i s depicted .  Th e thre e sensor s 
projec t  thei r  stat e ont o specifi c  neura l  fields . 
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Figur e 1 :  Th e D A C architectur e an d it s relatio n l o 
th e environment . 

Activation of units in the fields that relate to the 
collisio n detecio r  (C )  an d th e targe t  detecto r  (T )  wil l 
automaticall y trigge r  a n action ,  avoi d o r  approac h 
respectively .  Th e basi c reflexe s ca n b e describe d as : 
"collisio n lef t  - > tur n right"  an d symmetri c fo r  th e 
othe r  side ,  an d "targe t  lef t  - > tur n left "  an d 
symmetri c fo r  th e othe r  side .  Th e defaul t  actio n o f 
th e syste m i s t o m o v e forward .  Thes e action s ar e 
represente d b y moto r  unit s i n fiel d M .  Th e 
connection s betwee n C ,  T  an d M ar e prewired . 
Thes e connection s implemen t  th e reflexe s b y 
connectin g th e relate d sensin g an d actin g 
components .  Sinc e th e chang e o f  th e connection s 
betwee n C  an d T  an d th e rang e finde r  fiel d (R )  i s 
base d o n a  Hebbia n learnin g rul e an y stat e i n R 
whic h occur s congruentl y wit h a n actio n wil l  b e 
associate d wit h th e activatio n i n C  and/o r  T  tha t 
triggere d thi s action .  Ove r  tim e specifi c  prototypica l 
sute s o f  R  wil l  develo p tha t  wil l  trigge r  specifi c 
actions .  Nex t  t o thes e fou r  field s a  specia l 
inhibitor y unit ,  I ,  i s  define d tha t  regulate s th e 
interactio n betwee n avoi d an d approac h actions : 
activatio n i n C  wil l  inhibi t  th e outpu t  fro m T . 

We showe d (Verschur e e t  al. ,  1992 )  tha t  a  syste m 
base d o n thes e propertie s ca n develo p emergen t 
behavior s lik e wal l  followin g i n a n environmen t 
wher e target s ar e place d behin d hole s i n walls .  Thi s 
regularit y leau s th e syste m t o associat e bein g 
paralle l  t o a  wal l  wit h approac h actions .  Ove r  tim e 
thi s behavio r  wa s generalize d t o an y siuiatio n wer e 
th e syste m wa s nex t  t o a  wall .  I t  follow s a  wal l 
wigglin g alon g switchin g betwee n approac h an d 
avoidanc e actions . 

Thi s wal l  followin g behavio r  ca n b e describe d i n 
symboli c term s lik e a  strateg y o r  rul e whic h i s 
base d o n th e representatio n o f  a  wal l  an d th e actio n 
t o follo w it .  T h e propertie s o f  th e contro l 
architecture ,  however ,  inuicat e tha t  suc h a  rul e i s 
not  presen t  i n th e system .  Thi s behavio r  wil l  onl y 
emerg e whe n a  specifi c  regularit y i s presen t  i n th e 
system-environmen t  interactio n (e.g .  target s behin d 

hole s i n walls) .  Thi s indicate s tha t  althoug h 
behaviora l  regularitie s migh t  b e base d o n specia l 
interna l  regularitie s o f  a  syste m thi s doe s no t  hav e 
t o b e th e case .  Moreover ,  thi s emergen t  behavio r  i s 
onl y presen t  fro m th e poin t  o f  vie w o f  th e observer . 
The syste m ca n onl y ac t  o n it s immediat e sensor y 
states ,  whil e wal l  followin g behavio r  i s displaye d 
ove r  severa l  tim e step s consistin g o f  man y actions . 
Thi s behavio r  tha t  fo r  a n observe r  look s ver y 
structure d ca n onl y b e explaine d w h e n i t  i s 
decompose d int o th e action s tha t  constitut e i t  Thi s 
decomposition ,  however ,  show s tha t  th e syste m i s 
actin g lik e i t  alway s would ,  whethe r  i t  i s  followin g 
wail s o r  doin g somethin g else ,  tha t  fo r  a n observe r 
migh t  loo k no t  tha t  wel l  organized . 

D i s c u s s i o n 

The analysis of subsymbolic onnectionism has 
show n tha t  i t  i s  i n fac t  applyin g ,e w technique s i n 
a wel l  know n conceptua l  framework :  cognitivism . 
Therefore ,  i t  doe s no t  provid e a  ne w perspectiv e o n 
th e min d brai n dilemma .  I t  wa s argue d tha t  t o asses s 
th e rol e connectionis m coul d pla y i n cognitiv e 
scienc e i t  i s o f  importanc e t o fin d a n alternativ e 
conceptua l  schem e i n whic h i t  ca n b e applied .  Th e 
reaso n fo r  thi s i s no t  t o find  a  Justificatio n fo r  doin g 
connectionism ,  bu t  t o addres s th e mind-brai n 
dilemma.Thi s alternativ e framewor k ca n b e foun d i n 
ih e developin g fiel d o f  " N e w AI" .  Th e contras t 
betwee n th e tw o approache s n o w become s tha t 
assumption s o f  cognitivism ,  whic h lea d t o th e 
symbol  groundin g problem ,  becom e centra l  researc h 
issues .  O n e o f  thi s issue s is ,  fo r  instance ,  wha t  i s 
th e rol e an d natur e o f  knowledg e i n adaptiv e 
behavior . 

I n doin g thi s i t  become s clea r  tha t  th e issu e o f 
emergenc e shoul d als o b e viewe d fro m th e 
perspectiv e o f  F O R .  Emergen t  behavio r  the n relate s 
t o a n observe r  w h o specifie s a  specifi c  tim e an d o r 
spatia l  fram e i n whic h "interesting "  behavio r  i s 
displaye d b y th e system .  Thi s emergen t  behavio r  i s 
not  a  propert y o f  th e syste m bu t  o f  th e interactio n 
wit h th e environment .  Th e chun k o f  actio n tha t  a n 
observe r  ca n cal l  wal l  followin g i s relate d t o a  se t  o f 
action s tha t  becom e a  connecte d whol e i n th e fram e 
of  referenc e o f  th e observer .  T o explai n thi s 
behavio r  i t  shoul d b e viewe d fitom  th e perspectiv e o f 
th e system .  Wh ic h i n th e cas e o f  th e presente d 
exampl e mean s tha t  wha t  i s wal l  followin g fro m 
ih e observe r  perspectiv e ca n onl y b e explaine d fro m 
ih e system' s perspectiv e a s a  sequenc e o f  approac h 
or  avoi d action s give n th e immediat e sensor y an d 
th e interna l  states . 

Thi s perspectiv e o n behavio r  give s a  differen t 
statu s t o notion s tha t  ar e take n fo r  grante d i n th e 
symboli c paradigm .  Fo r  instance ,  th e latte r  assume s 
tha t  th e worl d consist s o f  object s an d event s whic h 
ar e s o m e h o w mirrore d b y th e interna l 
representation s o f  th e system .  I n ou r  cas e w e se e 
tha t  th e notio n o f  even t  an d objec t  i s  define d fro m 
th e perspectiv e o f  th e syste m wher e a n even t  alway s 
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relate s t o actions .  Fo r  instance ,  initiall y  a n actio n 
ca n onl y b e triggere d b y on e o f  th e basi c reflexe s 
define d b y th e valu e scheme .  Du e t o th e learnin g 
mechanis m thi s ca n b e transferre d t o rang e flnder 
states .  Wha t  wil l  no w becom e a  situatio n i n whic h 

a specifi c  actio n wil l  b e triggere d canno t  b e 
predicte d bu t  depend s o n th e specific s o f  th e syste m 
environmen t  interaction .  Onl y fro m th e perspectiv e 
of  th e learnin g histor y o f  th e syste m th e notio n 
even t  ca n b e defined . 

An importan t  issu e i s h o w thi s proposa l  wil l 
scal e u p t o th e phenomen a traditionall y studie d i n 
cognitiv e scienc e lik e reasonin g an d language .  Th e 
centra l  questio n is .  however ,  whethe r  w e shoul d se e 
thi s issu e a s a  conflic t  betwee n tw o approaches . 
Fro m th e perspectiv e o f  F O R w e ca n se e tha t  th e 
account s offere d b y traditiona l  approache s ca n b e 
take n a s observe r  characterization s o f  behaviora l 
regularities .  Whic h woul d mea n tha t  i t  i s  possibl e 
t o describ e som e part s o f  behavior ,  lik e language ,  i n 
term s o f  discret e element s tha t  w e cal l  symbols . 

Fro m th e system s perspectiv e linguisti c behavio r  i s 
stil l  behavio r  buil t  u p ou t  o f  man y actions . 

The min d brai n dilemm a ca n b e addresse d fro m th e 
presente d perspective .  Supposedl y conflictin g 
paradigm s i n fac t  provid e a  differen t  perspectiv e o n 
th e phenomeno n o f  behavior .  Wit h thi s w e ca n 
overcom e th e isolate d positio n o f  th e stud y o f  th e 
min d a s a  specia l  scienc e an d focu s o n th e initia l 
ambitio n behin d cognitiv e scienc e t o develo p a 
fruitfu l  interactio n betwee n th e behaviora l  an d th e 
neurosciences . 
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