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Introductio n 

Thi s pape r  argue s tha t  w e ca n determin e th e content s o f  th e 
neura l  substrate s tha t  suppor t  implici t  belief s b y considerin g 
th e histor y o f  th e substrate s an d thei r  rol e withi n th e 
system .  Bot h artificia l  an d biologica l  neura l  substrate s ar e 
examine d wit h th e goa l  o f  showin g tha t  structure s a t  th e 
neura l  leve l  ca n carr y informationa l  conten t  abou t  th e type s 
of  event s whic h cause d them .  A  brie f  discussio n o f  th e 
condition s unde r  whic h state s carr y informatio n conten t  i s 
given ,  followe d b y a  sketc h o f  wh y neura l  network s carr y 
implici t  content ,  an d finally  a  briefcas e fo r  implici t  conten t 
i n wetwar e i s made . 

Information 

I  canno t  argu e th e merit s o f  differen t  theorie s o f  informatio n 
conten t  her e Therefor e I  wil l  assum e a  correlationa l  versio n 
of  informatio n conten t  i n orde r  t o se e ho w fa r  i t  get s u s 
toward s determinin g th e conten t  i n neura l  substrate s 
(Dretske ,  1981 ;  Dretske ,  1988) .  Sa y tha t  B  carrie s 
informatio n abou t  A  i f  th e followin g tw o condition s ar e 
met :  (1 )  A  cause s B ,  an d (2 )  B  occur s onl y i f  A  occurs .  Fo r 
example ,  suppos e w e trai n a  neura l  networ k t o recogniz e 
chairs .  Th e inpu t  laye r  o f  th e networ k i s sa y a  100x10 0 
scree n o f  node s whic h represen t  blac k o r  whit e pixel s fro m a 
digita l  camera .  The n a  2- D pixe l  imag e o f  a  chai r  occur s a t 
th e inpu t  laye r  o f  m y networ k i f  an d onl y i f  a  chai r  i s i n 
fron t  o f  th e camera .  The n th e inpu t  laye r  lightin g u p i n thi s 
patter n (2- D B A V chai r  image )  carrie s informatio n tha t  a 
chai r  i s  i n fron t  o f  th e camera .  S o th e inpu t  laye r  o f  m y 
networ k ca n carr y informatio n abou t  it s environment .  A n 
analogou s cas e i s m y retina .  Retina l  rod s an d cone s 
generall y onl y fir e wit h a  chair-lik e patter n whe n chair s ar e 
present .  Thoug h ther e m a y b e exception s (e.g .  a n A m e s 
chair )  thes e ar e rare ,  s o I  wil l  conside r  th e abov e definitio n 
of  informatio n t o wor k i n mos t  cases . 

Bot h neura l  network s an d peopl e lear n t o recogniz e chairs . 
Conside r  th e se t  o f  event s comprisin g successfu l  learnin g o f 
a tas k ove r  time .  Cal l  thi s se t  o f  event s a  learnin g history , 
or  H  fo r  short .  W e ca n thin k o f  H  a s th e caus e o f  a n interna l 
chang e i n th e cognitiv e syste m whic h result s i n th e 
learning .  Fo r  a  neura l  networ k thi s histor y cause s a  ne w se t 
of  weight s W t o b e installe d whic h allow s th e networ k t o 
perfor m th e task .  Th e learnin g histor y H  i s a  sufficien t 
conditio n fo r  installatio n o f  th e weight s W .  Fo r  example ,  i f 
we tak e th e well-know n Gorma n an d Sejnowsk i  networ k fo r 
distinguishin g sona r  signal s an d trai n i t  o n thei r  trainin g se t 

fo r  th e numbe r  o f  epoch s a s they'v e described ,  the n i t  wil l 
lear n t o distinguis h submarin e fro m roc k sona r  signals . 

To pas s philosophica l  muster ,  w e shoul d reall y thin k o f 
H an d W a s types .  Fo r  example ,  w e coul d var y th e orde r  o f 
th e roc k an d min e signal s i n th e abov e exampl e an d th e 
networ k woul d stil l  lear n th e tas k equall y well .  Th e 
resultin g weigh t  matri x migh t  eve n hav e change d i n som e o f 
it s elements ,  bu t  successfu l  learnin g wil l  mea n th e sam e 
behaviora l  resul t  tha t  th e networ k achieve s it s tas k t o 
simila r  accuracy .  S o a  learnin g histor y o f  th e typ e H  i s 
sufficien t  t o caus e a  weigh t  matri x o f  typ e W .  I t  turn s ou t 
we ar e alread y ver y clos e t o a  theor y o f  informationa l 
conten t  fo r  th e traine d weigh t  stat e W i n a  neura l  network . 
We hav e me t  conditio n (1 )  above ,  namely ,  tha t  thing s o f 
typ e H  caus e thing s o f  typ e W .  N o w w e need  t o sho w tha t 
W's occu r  onl y i f  H' s occur . 

Large Numbers, LTP and Content 

Thi s i s don e b y usin g th e argumen t  fro m larg e numbers , 
whic h conclude s tha t  th e odd s agains t  finding  a  neura l 
networ k i n a  certai n recognitio n stat e ar e ver y large .  Bu t  th e 
human brai n i s muc h mor e complicate d tha n mos t  network s 
(Churchland ,  1989) .  S o finding  a  structur e i n th e huma n 
brai n tha t  connect s certai n perceptua l  state s wit h certai n 
(non-reflex )  moto r  state s i s eve n mor e likel y t o hav e bee n 
cause d b y learnin g tha n th e analogu e stat e i n a  simple r 
neura l  network . 

I  nex t  argu e tha t  a s a  resul t  o f  a  causa l  learnin g process , 
wit h L T P a s th e curren t  candidat e fo r  synapti c modification , 
a neura l  structur e W i s installe d i n th e brain ,  become s a 
stable ,  permanen t  par t  o f  th e agent ,  carrie s content ,  an d 
allow s output s M t o b e cause d wheneve r  th e networ k i s 
presente d wit h a n F .  Thi s m a y b e h o w w e acquir e certai n 
implici t  beliefs .  Th e state s W ma y b e installe d b y learnin g 
historie s i n subtl e way s whic h agent s ar e no t  explicitl y 
awar e of .  Thes e historie s m a y b e though t  o f  a s th e 
environmenta l  reason s fo r  state s lik e W . 
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