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F r o m Perceptua l  Consciousnes s t o Cognitiv e Architecture s 

Charle s Q .  W u (charlesOtasking .  com ) 

Taskin g Incorporate d 
333 El m Street ,  Dedham ,  M A 02026 ,  U.S.A . 

Thi s presentatio n explore s implication s o f  studyin g huma n 
visua l  consciousnes s o n cognitiv e architectures .  Base d o n 
an analysi s  o f  a  perceptua l  phenomenon—binocula r  rivalr y 
(BR)—and th e relevan t  know n fact s abou t  th e huma n 
visua l  system ,  I  sho w tha t  layer-4 C (i.e. ,  th e inpu t  layer )  i n 
visua l  cortica l  are a V I  i s involve d i n visua l  awarenes s an d 
i s th e neura l  substrat e fo r  iconi c memory .  Furthermore ,  I 
extrapolat e thi s conclusio n t o a  mor e genera l  on e tha t  inpu t 
layer s i n othe r  cortica l  area s correspon d t o variou s short -
ter m m e m o r y system s know n t o cognitiv e psychologists . 
Thi s conclusio n implicate s tha t  a t  a n abstrac t  leve l  th e 
brai n function s a s a  multi-leve l  productio n syste m 
(correspondin g t o a  Chomsky' s type- 0 gramma r  parser) . 

B R i s a  strikin g phenomeno n wher e a  viewe r  experience s 
alternatin g period s o f  differen t  percept s whe n th e tw o eye s 
ar e receivin g differen t  stimulu s patterns .  A s Cric k (1994 ) 
remarked ,  suc h a  phenomeno n ca n constitut e a  simpl e ye t 
powerfu l  paradig m fo r  investigatin g th e neura l  mechanism s 
(o r  correlates )  o f  consciousness .  A s t o th e possibl e neura l 
substrate(s )  o f  B R ,  ther e ha s bee n a  long-standin g 
controvers y betwee n tw o views :  a  "periphera l  view "  hold s 
tha t  B R happen s ver y earl y i n visua l  pathway ,  whil e a 
centra l  view "  insist s tha t  B R occur s a t  a  centra l  stag e 

wher e perceptua l  an d cognitiv e factor s interact .  I n reality , 
ther e i s abundan t  evidenc e i n suppor t  o f  bot h view s (e.g. , 
Blake ,  1989 ;  Logotheti s e t  al. ,  1996) . 

T o reconcil e thes e tw o views ,  I  propos e th e followin g 
multi-stag e mode l  fo r  BR :  ther e ar e competition s (o r  rivals ) 
at  m a n y level s o f  th e visua l  pathway ,  includin g tha t 
betwee n th e tw o eye s a t  a n earl y stag e an d tha t  betwee n 
differen t  candidat e percept s a t  a  lat e stage ;  thes e 
competition s feedbac k t o a  monocula r  sit e t o suppres s th e 
tw o eyes '  input s i n a  patch-wis e manne r  s o a s t o yiel d a 
final  coheren t  percept .  Sinc e thi s mode l  incorporate s bot h 
monocula r  an d binocula r  sites ,  i t  i s  no t  surprisin g tha t  bot h 
periphera l  an d centra l  factor s (suc h a s percep t  competitio n 
see n i n Logotheti s e t  al. ,  1996 )  ca n b e foun d i n B R . 

W h e r e i s th e monocula r  suppressio n stag e i n ou r  visua l 
system ? Visua l  informatio n from  th e retina e o f  th e tw o eye s 
goe s throug h th e latera l  geniculat e nucleu s ( L G N )  o f  th e 
thalamus ,  enter s th e primar y visua l  corte x (i.e. ,  are a V I  o r 

striat e cortex )  i n it s layer-4 C ( a an d P  sublaminae) ,  an d 
the n feed s t o superficia l  layer s 2 & 3 whil e undergoin g som e 
transformations ;  onl y u p t o thi s leve l  o f  th e visua l  pathwa y 
ther e ar e monocula r  neurons .  Base d o n detaile d 
neuroanatomica l  an d physiologica l  fact s an d correspondin g 
psychophysica l  evidence ,  I  sugges t  tha t  layer-4 C i s th e 
anatomica l  substrat e fo r  monocula r  suppression . 

Thi s conclusio n concernin g th e sit e o f  monocula r 
suppressio n ha s importan t  implication s concernin g th e 

neura l  correlate s o f  visua l  consciousness .  Recently ,  Cric k 
and Koc h (1995 )  hav e advance d a n intriguin g hypothesi s 
statin g tha t  neura l  activit y i n V I  i s no t  directl y involve d i n 
visua l  consciousness .  A s monocula r  neuron s ar e basicall y 
onl y foun d i n V I ,  th e conclusio n abou t  monocula r 
suppressio n immediatel y suggest s tha t  thei r  hypothesi s i s 
incorrect .  Furthermore ,  m y conclusio n abou t  th e 
involvemen t  o f  layer-4 C i n B R implie s tha t  Cric k an d 
Koch' s (1996 )  anothe r  hypothesi s concernin g th e neura l 
correlate s o f  consciousness ,  tha t  onl y th e "dee p layers "  (i.e. , 
layer s 5 & 6 )  o f  th e corte x ar e concerne d wit h consciousness , 
i s incorrec t  a s well .  I n short ,  I  conclud e tha t  layer-4 C i n V I 
i s a  neura l  substrat e fo r  a n importan t  part ,  th e vivi d aspect , 
of  ou r  visua l  consciousness . 

I t  i s  eas y t o infe r  tha t  th e sit e o f  stimulu s suppressio n i n 
B R i s  als o th e sit e o f  iconi c m e m o r y (o r  bette r  terme d 
visua l  buffer )  wel l  know n t o psychophysists/psychologists . 
Thi s conclusio n ca n easil y b e generalize d t o othe r  cortica l 
areas .  Therefore ,  a  genera l  conclusio n ca n b e reached :  al l 
thos e cortica l  area s havin g a  thalami c inpu t  laye r  (som e 
area s lac k thi s layer )  ar e involve d i n consciousness ,  an d 
thei r  inpu t  layer s ar e th e neura l  substrate s fo r  variou s short -
ter m m e m o r y ( S T M )  system s wit h differen t  content s (an d 
wit h seemingl y differen t  persistin g life-times) . 

Sinc e S T M i s  usuall y a n importan t  par t  o f  general -
purpos e cognitiv e architectures ,  thi s conclusio n ha s 
importan t  implication s fo r  cognitiv e architectures .  Indeed , 
i t  ca n b e show n tha t  a t  a n abstrac t  leve l  th e genera l 
functiona l  architectur e o f  th e brai n map s ont o a  productio n 
syste m (e.g. ,  Newell ,  1990) .  Moreover ,  a s ther e ar e multi -
leve l  cortica l  areas ,  thi s conclusio n implie s tha t  brai n 
function s a s a  multi-leve l  productio n system ,  o r  a 
Chomskia n machin e sinc e suc h a  syste m i s computationall y 
equivalen t  t o N o a m Chomsky' s type- 0 gramma r  processor . 
As th e "productio n rules "  (o r  "rewritin g rules" )  i n th e brai n 
ar e certainl y ver y experience-dependent ,  suc h rule s m a y 
wel l  b e modele d a s havin g constantl y changin g "weights " 
whic h ca n constitut e a n importan t  aspec t  o f  conflic t 
resolutio n i n th e workin g o f  suc h a  Chomskia n machine . 
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