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A C o r t i c a l  N e t w o r k M o d e l  o f 

C o g n i t i v e A t t e n t i o n a l  S t r e a m s ,  R h y t h m i c E x p e c t a t i o n , 

a n d A u d i t o r y S t r e a m S e g r e g a t i o n 

Bill Baird 
Dept  Mathematics ,  U.C.Berkeley , 

Berkeley ,  Ca .  94720 .  baird@math.berkeley.ed u 

We hav e develope d a  neura l  networ k cortica l  archi -
tectur e tha t  implement s a  theor y o f  attention ,  learn -
ing ,  an d communicatio n betwee n cortica l  area s b y 
adaptiv e synchronizatio n o f  5-1 5 H z an d 30-8 0 H z os -
cillation s (p p 67-7 5 i n "Advance s I n Neura l  Informa -
tio n Processin g System s 6" ,  1994) .  Her e w e presen t 
a specifi c  mode l  o f  rhythmi c expectanc y an d th e in -
teractio n o f  highe r  orde r  an d primar y cortica l  level s 
of  processin g whic h account s fo r  th e result s o f  psy -
chologica l  experiment s o f  Jone s (p p 1059-107 3 o f  th e 
"Journa l  o f  Experimenta l  Psychology :  H u m a n Per -
ceptio n an d Performance" ,  7 ,  1981 )  showin g tha t  au -
ditor y strea m segregatio n depend s o n th e rhythmi c 
structur e o f  inputs .  Furthe r  reference s no t  cite d her e 
m ay b e foun d i n thes e papers . 

Usin g dynamica l  system s theory ,  th e architectur e 
i s constructe d fro m recurrentl y interconnecte d oscil -
lator y associativ e m e m o r y module s tha t  mode l  hy -
percolumn s o f  associationa l  an d higher-orde r  sensor y 
an d moto r  cortica l  areas .  Th e syste m learn s connec -
tio n weight s betwee n th e module s tha t  caus e i t  t o 
evolv e unde r  a  1 0 H z clocke d sensory/moto r  process -
in g cycl e throug h a  sequenc e o f  transition s o f  synchro -
nize d 4 0 H z oscillator y attractor s withi n th e modules . 
I n th e brain ,  w e hypothesiz e thes e cycle s t o b e adap -
tivel y controle d b y septa l  an d thalami c pacemaker s 
whic h alte r  excitabilit y o f  hippocampa l  an d neocor -
tica l  tissu e throug h nonspecifi c  biasin g current s tha t 
appea r  a s th e cognitiv e an d sensor y evoke d potential s 
of  th e E E C T h e cycle s "quantiz e time "  an d for m th e 
basi s o f  derive d rhythm s wit h period s u p t o 1. 5 sec -
ond s tha t  entrai n t o eac h othe r  i n moto r  coordinatio n 
an d t o externa l  rhythm s i n speec h an d musi c percep -
tion . 

T h e architectur e employ s selectiv e "attentional " 
contro l  o f  th e synchronizatio n o f  th e 30-8 0 H z oscilla -
tion s betwee n module s t o direc t  th e flow  o f  c o m m u -
nicatio n an d computatio n t o recogniz e an d generat e 
sequences .  Th e 30-8 0 H z attracto r  amplitud e pat -
tern s cod e th e informatio n conten t  o f  a  cortica l  area , 
wherea s phas e an d frequenc y ar e use d t o "softwire " 
th e network ,  sinc e onl y th e synchronize d area s com -
municat e b y exchangin g amplitud e information .  Th e 
syste m work s lik e a  broadcas t  networ k wher e th e un -
avoidabl e crosstal k t o al l  area s fro m previou s learne d 
connection s i s overcom e b y frequenc y codin g t o allo w 
attentiona l  communicatio n onl y betwee n selecte d ar -
eas relevan t  t o th e tas k o f  th e moment .  Th e behavio r 
of  th e tim e trace s i n differen t  module s o f  th e architec -
tur e model s th e temporar y appearanc e an d switchin g 

of  th e synchronizatio n o f  5-1 5 an d 30-8 0 H z oscilla r 
tion s betwee n cortica l  area s tha t  i s observe d durin g 
sensory/moto r  task s i n monkey s an d humans . 

Th e "binding "  o f  sequence s o f  attracto r  transition s 
betwee n module s o f  th e architectur e b y synchronize r 
tio n o f  thei r  activit y i s  simila r  t o th e phenomeno n o f 
"streaming "  i n audition .  Ther e successiv e perceptua l 
event s ar e boun d togethe r  int o a  sequenc e objec t  o r 
"stream "  suc h tha t  on e pay s attentio n t o onl y on e 
sourc e a t  a  tim e (th e "cocktai l  party "  effect) .  Th e 
model  illustrate s th e hypothesi s tha t  a  thalamicall y 
coordinate d "cognitiv e stream "  o f  thi s synchronize d 
activit y loop s fro m primar y corte x t o associationa l 
and highe r  orde r  sensor y an d moto r  area s throug h 
hippocampu s an d bac k t o bin d the m int o a n evolv -
in g attentiona l  networ k o f  intercommunicatin g corti -
cal  area s tha t  direct s behavior .  Th e feedbac k t o pri -
mar y fro m highe r  orde r  cortica l  area s allow s to p dow n 
voluntar y contro l  t o switc h thi s attentiona l  strea m o r 
"searchlight "  fro m on e sourc e preattentivel y boun d i n 
primar y corte x t o anothe r  sourc e separatel y boun d a t 
a nearb y frequenc y o r  phase . 

To implemen t  Jones' s theor y an d accoun t  fo r  he r 
data ,  subset s o f  th e oscillator y module s ar e couple d 
t o for m a  tempora l  coordinat e fram e o r  rhythmi c tim e 
bas e o f  neste d periodicite s dividin g dow n th e thala r 
mi c 1 0 H z bas e cloc k rat e fro m 1 0 t o . 5 Hz .  Thes e 
area s fee d thei r  interna l  30-8 0 H z activit y bac k t o 
primar y auditor y corte x throug h fas t  adaptin g con -
nection s tha t  continuall y attemp t  t o matc h incom -
min g patterns .  Thos e pattern s whic h mee t  thes e 
establishe d rhythmi c expectanc y signal s i n tim e ar e 
booste d i n amplitud e an d pulle d int o synchron y wit h 
th e 30-8 0 H z "searchligh t  signal "  t o becom e par t  o f 
th e primar y attentio n strea m sendin g inpu t  t o highe r 
areas .  I n accordanc e wit h Jones '  theory ,  to p dow n 
attentio n ca n selectivel y prob e inpu t  a t  differen t  hi -
erarchica l  level s o f  periodicit y b y selectivel y drivin g 
a particula r  cortica l  patc h i n th e tim e bas e se t  a t 
th e particula r  30-8 0 H z frequenc y o f  th e attentiona l 
stream .  Thi s i s th e tempora l  analo g o f  th e bod y cen -
tere d spatia l  coordinat e fram e an d multiscal e cover t 
attentio n windo w syste m i n vision .  Her e th e bod y 
centere d tempora l  coordinate s o f  th e interna l  tim e 
bas e orien t  b y entrainmen t  t o th e externa l  rhythm , 
and th e windo w o f  cover t  tempora l  attentio n ca n the n 
selec t  a  leve l  o f  th e multiscal e tempora l  coordinat e 
frame . 
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