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ABSTRACT 

Connectionism offers greater promise than symbolic approaches to cognitive science for 

explainin g th e intentionalit y o f  menta l  states ,  tha t  is ,  thei r  abilit y  t o b e abou t  othe r 

phenomena .  I n symboli c cognitiv e scienc e symbol s ar e essentiall y  arbitrar y s o tha t  ther e 

i s nothin g tha t  intrinsicall y relate s the m t o thei r  referents .  Th e causa l  proces s o f 

transductio n i s inadequat e t o explai n ho w menta l  state s acquir e intentionality ,  i n par t 

becaus e i t  i s  incapabl e o f  takin g int o accoun t  th e contextua l  characte r  o f  menta l  states . 

I n contrast ,  representation s employe d i n connectionis t  model s ca n b e muc h mor e closel y 

connecte d t o th e thing s the y represent .  Th e abilit y  t o produc e thes e representation s i n 

respons e t o externa l  stimul i  i s  controlle d b y weight s whic h th e syste m acquire s throug h a 

learnin g process .  I n multi-laye r  system s th e particula r  representation s tha t  ar e forme d 

ar e als o determine d b y processe s interna l  t o th e syste m a s i t  learn s t o produc e th e 

overal l  desire d output .  Finally ,  th e representation s produce d ar e sensitiv e bot h t o 

contextua l  variation s i n th e object s bein g represente d an d i n th e syste m doin g th e 

representing .  Thes e feature s sugges t  tha t  connectionis m offer s significan t  resource s fo r 

explainin g ho w representation s ar e abou t  othe r  phenomen a an d s o posses s intentionality . 

THE PROBLEM OF INTENTIONALITY 

Explaining the intentionality of mental states, the fact that they are about phenomena 

tha t  ar e generall y situate d outsid e o f  th e cognitiv e agent ,  ha s bee n a  centra l  concer n i n 

th e philosoph y o f  cognitiv e science .  Th e challeng e i s t o explai n wha t  i t  i s  i n virtu e o f 

whic h a  menta l  stat e i s abou t  a  particula r  phenomeno n an d s o ha s a  particula r  content . 

O ne o f  th e factor s tha t  make s thi s challeng e difficul t  wa s identifie d b y Brentan o 

(1874/1973) .  H e note d tha t  a  menta l  stat e suc h a s a  belie f  seem s t o involv e a  relatio n 

betwee n th e believe r  an d externa l  phenomena ,  bu t  tha t  thi s relatio n i s unlik e ordinar y 

relations .  I f  Sa m believe s tha t  Sara h i s a  neurologist ,  Sam' s stat e o f  min d seem s t o 

stan d i n a  relatio n t o Sarah .  Normally ,  fo r  a  relatio n t o exis t  bot h relat a mus t  exist . 

Yet ,  Sa m coul d wel l  hav e thi s belie f  an d Sara h no t  exist .  Hi s menta l  stat e i s stil l  abou t 

Sarah ,  an d no t  anyon e o r  anythin g else .  Thus ,  intentionalit y canno t  b e handle d simpl y 

i n term s o f  relations . 

The problem of explaining intentionality is a serious one for symbolic cognitive science 

sinc e i t  take s seriousl y a n aspec t  o f  th e ordinar y logi c o f  sentence s abou t  menta l  states . 

Thes e sentence s typicall y hav e th e for m o f  propositiona l  attitudes ,  i n whic h th e ver b 

(e.g. ,  believes )  represent s a  relatio n betwee n a  perso n an d 2i  proposition .  Th e propositio n 

553 



B E C H T EL 

the n become s th e heare r  o f  th e intentionalit y sinc e i t  i s  wha t  represent s th e possibl e o r 

actua l  conditio n i n th e worl d t o whic h th e person' s belie f  i s  directed .  T o explai n suc h 

states ,  man y practitioner s o f  symboli c cognitiv e hav e assume d tha t  ther e ar e symbol s i n 

th e min d correspondin g t o proposition s an d tha t  th e min d manipulate s thes e symbol s vi a 

procedure s muc h lik e thos e posite d i n forma l  logic .  Th e us e o f  symbol s a s bearer s o f 

intentionalit y help s solv e th e proble m o f  ho w menta l  state s ca n b e abou t  non-existin g 

entities ,  sinc e ther e ar e a  variet y o f  procedure s throug h whic h w e ca n imagin e forma l 

symbol s bein g introduce d whic h d o no t  correspon d t o actua l  entities .  Th e challenge , 

however ,  i s  t o explai n ho w symbols ,  whethe r  o r  no t  the y d o refe r  t o rea l  things ,  hav e th e 

specifi c  representationa l  conten t  the y have .  I  wil l  briefl y examin e wh y thi s proble m i s a 

difficul t  on e fo r  symboli c cognitiv e science .  M y mai n endeavo r  wil l  the n b e t o explor e 

ho w connectionis t  approache s offe r  promis e i n explainin g thi s aspec t  o f  intentionality . 

Intentionality and Symbolic Cognitive Science 

This is not the place to review in detail the difficulties that arise in explaining the 

intentionalit y o f  forma l  symbol s (se e Bechtel ,  1988) .  Rather ,  I  wil l  tr y t o captur e som e 

of  th e problem s informall y s o a s t o se t  u p th e contras t  wit h connectionis t  approaches . 

The mai n proble m th e symboli c approac h face s i n explainin g intentionalit y i s tha t 

primitiv e symbol s ar e treate d a s atomi c an d arbitrary .  A s a  result ,  ther e i s nothin g abou t 

th e symbo l  itsel f  tha t  determine s it s referent .  Th e questio n the n arise s a s t o wha t  i t  i s 

tha t  determine s th e referen t  o f  a  symbol .  Wha t  make s th e menta l  symbo l  fo r  Sara h 

refe r  t o Sarah ? Th e mos t  plausibl e approac h i s t o trea t  th e symbo l  fo r  Sara h a s havin g 

a particula r  referen t  becaus e o f  th e wa y i t  i s  employe d b y th e cognitiv e system .  Th e se t 

of  symbol s i s manipulate d b y forma l  rule s i n a  manne r  tha t  i s  appropriat e t o th e 

referentia l  functio n o f  thos e symbols .  A s a  forma l  system ,  th e cognitiv e syste m i s 

construe d a s a  syntacti c engine .  Th e mode l  her e i s th e manne r  i n whic h forma l  proo f 

procedure s i n logi c ar e trut h preservin g becaus e the y mirro r  th e relation s betwee n 

object s i n th e world .  Trutl i  i s  a  semanti c property ,  relatin g a  propositio n t o th e situatio n 

i n th e worl d tha t  satisfie s it .  Proo f  procedure s d o no t  utiliz e semanti c informatio n bu t 

provid e a  forma l  mean s o f  manipulatin g symbol s tha t  respect s th e semanti c propert y o f 

truth .  Similarly ,  th e forma l  operation s o f  th e cognitiv e system' s syntacti c engin e d o no t 

rel y o n th e referent s o f  thes e symbol s bu t  provid e a  mean s fo r  properl y manipulatin g 

symbol s s o a s t o facilitat e th e system' s negotiatio n wit h thes e objects .  Sinc e referenc e i s 

a semanti c relation ,  th e syntacti c engin e ca n b e see n a s simulatin g a  semanti c engin e 

(Dennett ,  1981) . 

According to the view just characterized, there is nothing about the formal symbols that 

determine s thei r  semanti c content .  Thi s ca n b e appreciate d b y th e simpl e though t 

experimen t  i n whic h a  forma l  system ,  a  compute r  program ,  tha t  i s  satisfactoril y  per -

formin g on e tas k i s employe d t o perfor m anothe r  tas k an d doe s i t  equall y well .  Ther e i s 

nothin g abou t  th e forma l  symbol s i n th e progra m tha t  make s the m mor e abou t  th e 

object s involve d i n th e firs t  tas k tha n thos e encountere d i n th e secon d task .  W e ,  th e 

user s o f  th e program ,  mus t  suppl y th e interpretation .  Thi s poin t  i s  closel y relate d t o on e 

Searl e (1980 )  derive s fro m hi s famou s Chines e roo m argumen t  i n whic h h e picture s 

himsel f  manipulatin g symbol s i n a  purel y forma l  manne r  usin g a  se t  o f  rules .  H e doe s 
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thi s i n suc h a  manne r  a s t o carr y o n a  conversatio n i n Chines e withou t  understandin g a 

singl e wor d o f  Chines e o r  knowin g tha t  h e i s conversin g i n Chinese .  Th e Chines e 

character s coul d hav e quit e differen t  semantic s an d tha t  woul d no t  alte r  Searle' s 

behavior .  Sinc e human s d o kno w wha t  thei r  menta l  state s ar e about ,  Searl e object s tha t 

th e forma l  symbo l  approac h totall y fail s  t o captur e th e intrinsi c intentionalit y o f  menta l 

states . 

While some theorists have been satisfied with the view that all there is to intentionality 

i s accounte d fo r  wheneve r  a  syntacti c engin e simulate s a  semanti c engine ,  man y other s 

hav e agree d wit h Searl e tha t  w e nee d t o explai n ho w humans ,  a t  least ,  ar e rea l  semanti c 

engines .  W e mus t  explain ,  the y maintain ,  ho w ou r  menta l  stat e hav e determinan t 

content s an d shoul d no t  b e subjec t  t o whateve r  reinterpretatio n a n externa l  part y 

choose s t o employ .  However ,  fe w hav e bee n satisfie d wit h Searle' s o w n explanatio n o f 

intrinsi c intentionality ,  whic h appeal s t o th e biologica l  characte r  o f  menta l  states .  A n 

alternativ e perspective ,  suggeste d b y Dreyfu s an d Dreyfu s (1986) ,  i s  t o focu s th e 

difficult y o n th e context-fre e characte r  o f  forma l  symbols .  I n characterizin g forma l 

symbol s a s context-fre e w e ar e notin g tha t  h o w symbol s ar e processe d depend s onl y o n 

what  i s forma l  represente d an d n o othe r  aspect s o f  th e environment .  Dreyfu s an d 

Dreyfu s attribute d th e relianc e o n context-fre e forma l  symbol s t o traditiona l  philosophy , 

whic h ha s provide d muc h o f  th e theoretica l  framewor k fo r  cognitiv e science : 

Accordin g t o Heidegger ,  traditiona l  philosoph y i s define d fro m th e star t  b y it s focusin g o n 

fact s i n th e worl d whil e "passin g over "  th e worl d a s such .  Thi s mean s tha t  philosoph y ha s 
fro m th e star t  systematicall y ignore d o r  distorte d th e everyda y contex t  o f  huma n activity . 
The branc h o f  th e philosophica l  traditio n tha t  descend s fro m Socrate s throug h Plato , 
Descartes ,  Leibniz ,  an d Kan t  t o conventiona l  A I  take s i t  fo r  granted ,  i n addition ,  tha t 
understandin g a  domai n consist s i n havin g a  theor y o f  tha t  domain .  A  theor y ioTxnu\ate s th e 
relationship s amon g objective ,  context-fre e element s (simples ,  primitives ,  features ,  attributes , 
factors ,  dat a points ,  cues ,  etc. )  i n term s o f  abstrac t  principle s (coverin g laws ,  rules , 
programs ,  etc. )  (pp .  24-25) . 

For  a  forma l  symboli c system ,  th e system' s tota l  knowledg e abou t  contex t  mus t  b e 

provide d i n term s o f  forma l  symbols ,  tha t  is ,  i n othe r  explici t  TtpTCsentSition s i n th e 

system .  T h e hop e ha s bee n tha t  w e coul d buil d i n enoug h explici t  representation s t o 

enabl e th e syste m t o dea l  adequatel y wit h al l  context s tha t  aris e i n th e rea l  world ,  bu t 

thi s i s precisel y wha t  Huber t  Dreyfu s ha s lon g bee n questionin g (se e Dreyfus ,  1979) . 

T h e proble m fo r  a  forma l  symbo l  syste m i s tha t  ther e doe s no t  see m t o b e an y othe r 

way t o brin g contex t  int o play . 

The main alternative to trying to account for the intentionality of symbols in terms of 

forma l  relation s betwee n symbol s ha s bee n t o analyz e thei r  meanin g o r  intentionalit y i n 

term s o f  thei r  relation s t o th e object s tha t  the y represent .  O n e possibilit y  tha t  ha s bee n 

pursue d ha s bee n t o trea t  th e causa l  mechanism s tha t  produc e th e symbol s i n u s a s th e 

sourc e o f  intentionality .  Dretsk e (1981) ,  fo r  example ,  characterize s th e causa l  relatio n 

betwee n th e objec t  i n th e worl d an d th e symbo l  i n th e hea d i n term s o f  th e infonnatio n 

tha t  i s transmitte d an d the n trie s t o explai n intentionalit y i n term s o f  h o w th e symbo l 

bear s informatio n abou t  th e object .  W h e n a  symbo l  i s activate d withou t  bein g cause d b y 

it s referent ,  i t  i s  stil l  abou t  th e objec t  whic h woul d normall y caus e it s activation .  TTii s 

proposa l  ha s bee n challenge d fro m a  numbe r  o f  perspectives .  I n particular ,  i t  ha s bee n 
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argue d tha t  suc h causa l  relation s ar e inadequat e t o accoun t  fo r  th e possibilit y  o f  erro r  o r 

misrepresentatio n (e.g. ,  th e possibilit y  o f  representin g non-existen t  objects) ,  which ,  a s w e 

hav e alread y noted ,  i s a n importan t  characteristi c o f  intentiona l  state s (se e Churchlan d 

& Churchland ,  198 3 an d Fodor ,  1984) . 

An additional objection to treating the causal relation between referent and symbol as 

th e basi s fo r  intentionalit y i s tha t  suc h a n approac h i s no t  abl e t o accommodat e th e rol e 

of  contextua l  factor s suc h a s thos e th e Dreyfuse s hav e emphasized .  W h e n w e us e 

representation s intentionally ,  th e particula r  referen t  tha t  i s  intende d fo r  th e syste m ma y 

var y wit h th e context .  Thi s proble m i s readil y see n whe n w e conside r  th e representa -

tiona l  functio n o f  word s i n a  natura l  language .  Barsalo u (1987 )  ha s show n surprisin g 

variabilit y  i n people' s prototypicalit y rating s o f  exemplar s o f  concept s ove r  time ,  suggest -

in g tha t  th e representationa l  functio n o f  word s a s wel l  a s thei r  interna l  representation s 

chang e wit h context .  Th e proble m fo r  capturin g thi s i n a  symboli c accoun t  i s tha t 

symbol s ar e fixe d entities .  Moreover ,  th e relat a i n th e causa l  lin k betwee n a n objec t 

and a  symbo l  wil l  hav e t o involv e somethin g lik e th e typica l  entit y tha t  generate s th e 

symbol  i n th e cognizer .  Th e causa l  theor y canno t  explai n ho w o n th e differen t  occasion s 

when a  symbo l  i s used ,  ther e ma y b e significan t  variatio n amon g intende d referents . 

Thi s variabilit y  i n intende d referent s i s a n aspec t  o f  intentionalit y tha t  canno t  b e 

accounte d fo r  eithe r  i n term s o f  forma l  relation s betwee n symbol s o r  i n term s o f  th e 

typica l  causa l  ancesto r  o f  th e symbol .  Contextua l  sensitivit y is ,  however ,  somethin g 

connectionis t  system s ar e mor e adep t  a t  dealin g with .  Hence ,  ther e i s motivatio n t o 

explor e th e potentia l  o f  connectionis m i n accountin g fo r  intentionality . 

A Connectionist Perspective on Intentionality 

Part of the problem with the symbolic approach is that it limits contact with the world to 

a proces s o f  transductio n throug h whic h a  sensor y inpu t  i s transforme d int o a  symbol . 

S o me o f  th e potentia l  o f  connectionis m i n accountin g fo r  intentionalit y stem s fro m th e 

alternativ e perspectiv e i t  provide s o n th e transductio n process .  Sensor y inpu t  wil l  b e 

provide d t o th e networ k b y activatin g certai n node s i n th e network .  Thes e node s wil l 

the n caus e othe r  node s t o activate .  Th e initia l  activatio n proces s culminate s i n th e 

activatio n o f  th e unit s constitutin g th e representation .  Thi s processin g withi n th e syste m 

i s o f  a  piec e wit h th e causa l  transmissio n o f  signal s i n th e externa l  worl d an d s o provide s 

th e potentia l  fo r  direc t  contac t  o f  th e representationa l  state s o f  th e syste m wit h thei r 

referents .  Despit e th e fac t  tha t  ther e i s a  direc t  continuit y i n th e sor t  o f  processin g 

involved ,  thi s proces s ma y stil l  see m t o b e ver y lik e th e kin d o f  transductio n envisage d i n 

a symboli c model :  th e sensor y inpu t  cause s a  representatio n t o b e activate d i n th e 

system .  Bu t  ther e ar e severa l  crucia l  difference s betwee n thi s connectionis t  proces s an d 

th e typ e o f  transductio n require d i n symboli c system s tha t  rende r  th e connectionis t 

approac h bette r  suite d fo r  explainin g intentionality . 

One of the ways in which connectionist models have an advantage over symbolic 

account s i s tha t  i n a t  leas t  on e respec t  connectionis t  representation s wil l  no t  b e arbitrar y 

i n th e wa y tha t  symboli c representation s are .  Thi s i s a  resul t  o f  th e fac t  tha t  connec -

tionis t  system s hav e th e capacit y t o lear n ho w t o generat e thei r  representation s an d als o 
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what  representation s t o employ .  A t  th e leve l  o f  basi c representations ,  onl y th e firs t  o f 

thes e capacitie s i s generall y employe d i n curren t  connectionis t  systems .  I n simple ,  two -

level ,  feedforwar d network s traine d throug h procedure s suc h a s th e leas t  mea n square s 

learnin g algorithm ,  fo r  example ,  th e weight s require d t o produc e th e outpu t  representa -

tio n ar e learned .  Throug h th e learnin g proces s th e networ k select s ho w t o atten d t o 

feature s o f  th e input .  Onl y som e inpu t  unit s ar e relevan t  fo r  determinin g th e weight s o f 

particula r  outpu t  units ,  an d th e weight s fro m thes e inpu t  unit s adjus t  accordingly .  Thus , 

th e proces s o f  generatin g th e representatio n involve s a n adaptatio n o f  th e representa -

tiona l  syste m t o th e externa l  referent .  Her e i s on e initia l  respec t  i n whic h th e represen -

tation s develope d i n connectionis t  system s ar e closel y tie d t o tha t  whic h the y ar e 

suppose d t o represent .  Thi s linkag e make s th e relatio n betwee n representatio n an d 

represente d somewha t  les s arbitrar y tha n i n symboli c systems . 

The representations that simple networks learn, however, are chosen by the researcher. 

Sinc e an y inpu t  ca n b e paire d wit h an y output ,  ther e i s stil l  a  stron g sens e i n whic h th e 

representation s ar e arbitraril y  relate d t o wha t  the y represent .  T o reduc e thi s sens e o f 

arbitrarines s w e nee d t o conside r  system s whic h posses s th e abilit y  t o creat e thei r  ow n 

interna l  representations .  Somethin g lik e thi s capacit y i s foun d i n multi-leve l  feedforwar d 

network s traine d throug h processe s lik e backpropagation .  Th e hidde n unit s i n suc h 

system s develo p specifi c  respons e characteristic s i n th e cours e o f  trainin g th e outpu t 

unit s t o produc e th e desire d pattern s o f  activation .  Sometime s i t  i s  possibl e t o deter -

mine ,  throug h detaile d analysi s o f  whe n th e hidde n unit s becom e active ,  wha t  represen -

tationa l  functio n i s performe d b y eac h o f  thes e units .  Fo r  example ,  Hinto n (1987 ) 

designe d a  networ k t o lear n informatio n abou t  relation s i n tw o famil y trees .  Th e inpu t 

unit s specifie d on e perso n an d a  ki n relationship ,  an d th e outpu t  unit s wer e t o identif y 

th e perso n standin g i n tha t  relationship .  Betwee n th e inpu t  an d outpu t  unit s wer e thre e 

layer s o f  hidde n units .  Th e inpu t  an d outpu t  unit s wer e code d i n a  localis t  fashion ,  on e 

perso n o r  relationshi p pe r  unit .  However ,  becaus e th e numbe r  o f  hidde n unit s wa s 

much smalle r  tha n th e numbe r  o f  inpu t  units ,  th e networ k wa s force d t o fin d distribute d 

representation s fo r  th e inpu t  an d output .  Fo r  example ,  th e twent y fou r  inpu t  unit s 

encodin g th e possibl e individual s fe d int o a  se t  o f  si x hidde n units .  Throug h th e cours e 

of  learnin g vi a bac k propagation ,  th e networ k ha d t o fin d a  wa y t o represen t  al l  th e 

informatio n abou t  thes e individual s tha t  i t  require d i n orde r  t o determin e th e correc t 

outpu t  person .  Th e networ k develope d a  representationa l  syste m tha t  identifie d person s 

i n term s o f  thei r  tre e (Britis h o r  Italian) ,  thei r  generation ,  an d th e branc h o f  th e tre e 

fro m whic h the y came .  Th e importan t  poin t  fo r  ou r  purpose s i s tha t  i n Hinton' s 

simulatio n th e networ k develope d it s ow n distribute d representatio n i n th e cours e o f 

adjustin g connectio n strength s s o a s t o minimiz e it s erro r  i n solvin g th e tas k fo r  whic h i t 

require d th e information .  Sinc e th e networ k i s determinin g thes e representation s o n th e 

hidde n units ,  the y ar e fa r  les s arbitrar y tha n d o symbol s i n a  symboli c system . 

In existing networks the internal representations that are constructed are grounded in an 

alread y existin g representatio n chose n b y th e researcher .  Thus ,  i n Hinton' s simulations , 

one se t  o f  inpu t  unit s encode s th e nam e o f  th e perso n whos e relativ e i s bein g sought , 

and th e othe r  se t  o f  inpu t  unit s encode s th e relations .  Hence ,  th e representation s tha t 

ar e learne d (i.e. ,  th e activatio n patter n ove r  th e hidde n units )  ar e comparabl e t o highe r 
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orde r  concept s o r  comple x symbol s tha t  migh t  b e acquire d i n symboli c systems .  (The y 

ar e no t  full y  comparabl e t o thes e sinc e the y ar e fa r  mor e sensitiv e t o smal l  variation s i n 

inpu t  informatio n tha n ar e symboli c representations .  Fo r  example ,  whil e on e uni t 

encode s whethe r  o r  no t  th e inpu t  perso n i s English ,  i t  generate s highe r  activatio n level s 

fo r  som e Englis h person s tha n others. )  Thi s limitation ,  however ,  result s fro m th e fac t 

tha t  thes e system s d o no t  us e sensor y stimul i  directl y a s inputs .  I f  on e wer e t o trai n a 

syste m tha t  too k a s input s th e output s o f  sensor y receptor s tha t  directl y picke d u p 

informatio n fro m th e environment ,  the n th e response s o f  hidde n unit s coul d b e though t 

of  a s definin g th e system' s mos t  basi c categorizatio n o f  input s an d henc e a s providin g 

th e syste m wit h it s mos t  basi c representations . 

The crucial point to be emphasized is that representations on hidden units result from 

th e system' s attemp t  t o accommodat e t o it s environment .  The y ceas e t o b e state s whic h 

coul d hav e bee n causall y connecte d t o an y sensor y inpu t  and ,  hence ,  arbitrar y a s fa r  a s 

th e operatio n o f  th e syste m wa s concerned .  Sinc e thes e representation s constitut e a 

learne d respons e o f  th e syste m t o a  give n se t  o f  input s tha t  th e syste m the n use s i n 

orde r  t o respon d i n th e desire d wa y t o thos e inputs ,  thes e representation s ar e naturall y 

see n a s bein g abou t  th e entitie s supplyin g th e input .  (Th e tightnes s o f  thi s connectio n i s 

eviden t  i n th e fac t  tha t  i n orde r  fo r  researcher s t o analyz e th e operatio n o f  hidde n units , 

the y mus t  tr y t o identif y wha t  inpu t  pattern s wil l  i n fac t  generat e th e respons e o f 

particula r  hidde n units. )  A  connectionis t  syste m suc h a s I  hav e describe d i s thu s abl e t o 

develo p representation s i n muc h th e wa y Dreyfu s an d Dreyfu s portra y huma n system s a s 

learning : 

By playin g wit h al l  sort s o f  liquid s an d solid s ever y da y fo r  years ,  a  chil d ma y simpl y lear n t o 
discriminat e prototypica l  case s o f  solids ,  liquids ,  an d s o o n an d lear n typica l  skille d 
response s t o thei r  typica l  behavio r  i n typica l  circumstance s (Dreyfu s an d Dreyfus ,  1987 ,  p . 
33) . 

T h e contras t  betwee n thi s proces s an d th e wa y interpretation s ar e generall y assigne d t o 

symbol s i n symboli c system s i s clear .  Ther e ar e no t  separat e processe s o f  learnin g t o 

us e a  symboli c representatio n an d learnin g h o w t o assig n a n interpretatio n t o it .  T h e 

connectionis t  representatio n i s develope d a s par t  o f  th e system' s adaptatio n t o it s 

environment . 

One of the failures Dreyfus and Dreyfus claimed befell symbolic representational 

system s wa s thei r  lac k o f  contex t  sensitivity .  T h e response s tha t  connectionis t  system s 

m a ke t o thei r  environment s ar e quit e sensitiv e t o th e particula r  stimul i  the y receiv e a s 

wel l  a s t o othe r  processin g tha t  i s occurrin g i n th e networks .  Particularl y w h e n unit s ca n 

tak e o n continuou s activations ,  ther e i s enormou s variabilit y  i n th e responsivenes s o f 

individua l  units .  A s a  result ,  th e syste m doe s no t  nee d t o hav e discret e symbol s b y 

whic h i t  ca n represen t  eac h variatio n i n context .  Fo r  example ,  conside r  a  cas e i n whic h 

a representatio n i s produce d no t  fro m a n input ,  bu t  fro m activit y elsewher e i n th e 

networ k tha t  cause s i t  t o activat e a  patter n m u c h lik e i t  woul d fo r  a  particula r  typ e o f 

inpu t  suc h a s a  ball .  O n on e occasio n thi s activit y m a y resul t  i n a  patter n m o r e lik e tha t 

typicall y generate d b y a  baseball ,  whil e o n anothe r  occasio n i t  migh t  resul t  i n a  patter n 

m o r e lik e tha t  typicall y produce d b y a  basketball .  Thi s variatio n i s the n availabl e t o 

enabl e th e syste m t o adjus t  it s  respons e i n ligh t  o f  difference s i n inpu t  circumstance s an d 
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interna l  conditions .  Thi s abilit y  t o var y representation s i n appropriat e manner s ma y no t 

be a  unmitigate d benefi t  sinc e i t  wil l  b e necessar y t o ensur e tha t  th e ultimat e respons e 

of  th e syste m i s appropriat e t o th e contex t  an d i s no t  a  bizarr e one .  Thus ,  th e respon -

sivenes s o f  th e syste m t o th e representation s mus t  itsel f  b e tune d t o th e variabilit y  i n th e 

representatio n itself .  Bu t  a t  leas t  i t  i s  possibl e fo r  suc h a  connectionis t  syste m t o 

represen t  object s differentl y dependin g upo n contex t  an d s o thes e system s ar e no t 

restricted ,  a s ar e symboli c systems ,  t o representin g contex t  i n ye t  othe r  arbitrar y symbols . 

The connectionist approach to modeling cognition thus offers promise in explaining the 

ahoutnes s o r  intentionalit y o f  menta l  states .  Representationa l  states ,  especiall y thos e o f 

hidde n units ,  constitut e th e system' s ow n learne d respons e t o inputs .  Sinc e the y con -

stitut e th e system' s adaptatio n t o th e input ,  ther e i s a  clea r  respec t  i n whic h the y ar e 

abou t  thos e inputs .  The y ar e abou t  th e situation s t o whic h the y ar e response s i n muc h 

th e wa y biologica l  adaptation s ar e adapte d t o situation s lik e thos e whic h figure d i n th e 

proces s o f  thei r  selection .  Th e fac t  tha t  thes e representation s ar e als o sensitiv e t o 

context ,  bot h externa l  an d interna l  t o th e system ,  enhance s th e plausibilit y  o f  thi s clai m 

tha t  th e representation s ar e representation s o f  particula r  states .  Th e connectionis t 

approac h thu s make s a  star t  o n explainin g th e ahoutnes s o f  representations .  Unfor -

tunately ,  ther e i s mor e t o b e don e t o explai n intentionality .  W e mus t  als o explai n ho w 

menta l  state s ca n represen t  thing s tha t  d o no t  exist .  Thi s seeme d relativel y eas y t o d o i n 

symboli c systems ,  sinc e w e coul d simpl y incorporat e a  symbo l  t o stan d i n fo r  th e non -

existen t  object .  Ye t  w e coul d no t  explai n wh y th e arbitrar y symbo l  ha d th e referen t  i t 

did .  A  detaile d explanatio n o f  ho w connectionis t  system s coul d mak e referenc e t o non -

existin g object s i s beyon d thi s paper .  Bu t  th e outline s o f  ho w thi s i s possibl e ca n b e 

sketched .  I n interactiv e networks ,  activation s ca n b e brough t  abou t  b y activit y i n th e 

networ k itself ,  an d no t  jus t  fro m externa l  inputs .  I t  i s  conceivabl e tha t  activatio n 

pattern s coul d b e induce d tha t  d o no t  correspon d t o anythin g normall y cause d b y inpu t 

patterns .  Thes e woul d b e representation s o f  non-existen t  objects .  W e kno w the y ar e 

alwu t  thes e objects ,  an d no t  others ,  becaus e the y ar e th e representation s tha t  woul d b e 

produce d i f  th e syste m eve r  di d confron t  suc h a n object .  Thus ,  i f  a  representationa l 

patter n wa s create d b y interna l  processe s i n th e syste m whic h woul d b e produce d b y th e 
syste m encounterin g a  unicorn ,  the n i t  woul d b e a  representatio n o f  a  unicorn ,  no t  o f 

Sant a Claus .  Th e network' s respons e t o th e productio n o f  thes e state s ca n b e viewe d a s 

it s furthe r  thinkin g abou t  th e non-existen t  objects . 

The propo.sals advanced here are simply intended to show the promise of connectionism 

i n helpin g u s understan d th e intentionalit y o f  menta l  states .  The y d o no t  sho w tha t 

connectionis t  account s wil l  b e successfu l  o r  tha t  symboli c analyse s canno t  invok e simila r 

strategie s i n orde r  t o explai n intentionalit y themselves .  (Th e causa l  analysi s o f  th e 

intentionalit y o f  symboli c state s mos t  nearl y parallel s th e accoun t  propose d her e an d 

coul d conceivabl y emplo y som e o f  th e strategie s outline d her e t o fles h ou t  tha t  account . 
What  distinguishe s th e tw o account s i s tha t  th e causa l  accoun t  doe s no t  trea t  th e 

representatio n a s a n adaptatio n o n th e par t  o f  th e cognitiv e system ,  an d s o doe s no t  a s 

clearl y overcom e th e proble m tha t  th e symboli c representatio n remain s rathe r  arbitrar y 

and s o no t  intrinsicall y linke d t o it s referent .  I t  i s  simpl y th e symboli c stat e tha t 

happene d t o b e cause d b y th e sensor y input. )  Ther e ar e challenge s t o b e face d i n 
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devisin g connectionis t  network s tha t  wil l  hav e th e righ t  semantic s t o mode l  cognition . 

For  example ,  jus t  designin g a  syste m tha t  ha s a  contex t  sensitiv e representatio n o f  a n 

externa l  referen t  doe s no t  ensur e tha t  i t  ca n us e thi s representatio n appropriatel y i n 

solvin g othe r  problems .  Bu t  perhap s ther e i s eve n a  virtu e her e i n tha t  thi s constitute s 

an empirica l  researc h proble m abou t  th e intentiona l  representation s i n a  network ,  an d 

not  simpl y a  proble m t o b e solve d b y a  prior i  philosophica l  speculation .  Sinc e s o littl e 

has bee n achieve d i n th e attemp t  t o explai n th e ahoutnes s o r  intentionalit y o f  menta l 

state ,  th e fac t  tha t  connectionis m offer s a  plausibl e promissor y not e i s on e reaso n t o 

tak e i t  seriously . 
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