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T h e Dynamic s o f  Prefronta l  Cortico-Thalamo-Basa l  Ganglioni c Loop s an d 

Shor t -Ter m M e m o r y Interferenc e P h e n o m e n a 

Jack Gelfandl, Vijay Gullapallil, Marcia Johnsonl, Carol Rayel and 

Jeffre y Henderson ^ 
Departmen t  o f  Psycholog y ̂  an d Departmen t  o f  Compute r  Science ^ 

Princeto n Universit y 
Princeton ,  N J 0854 4 

j  j g S p r i n c e t o n . e d u 

Abstrac t 

We present computer simulations of a model of the brain 
mechanism s operatin g i n short-ter m memor y task s tha t  ar e 
consisten t  wit h th e anatom y an d physiolog y o f  prefronta l 
corte x an d associate d subcortica l  structures .  Thes e 
simulation s includ e dynamica l  processe s i n thalamo -
cortica l  loop s whic h ar e use d t o generat e short-ter m 
persisten t  response s i n prefronta l  cortex .  W e discus s thi s 
model  i n term s o f  th e representatio n o f  inpu t  stimul i  i n 
cortica l  associatio n area s an d prefronta l  short-ter m 
memory areas .  W e repor t  o n interferenc e phenomen a tha t 
resul t  fro m th e interactio n o f  thes e dynamica l  processe s 
and latera l  projection s withi n cortica l  columns .  Thes e 
interferenc e phenomen a ca n b e use d t o elucidat e th e 
representationa l  organizatio n o f  short-ter m memory . 

Introduction 

Shor t  ter m persisten t  respons e o f  prefronta l  corte x neuron s 
has bee n postulate d a s a  mechanis m fo r  short-ter m memor y 
(STM)  (Fuster ,  1989 ;  Goldman-Rakic ,  1994) .  W e hav e 
previousl y presente d model s o f  S T M base d upo n oscillation s 
i n prefronta l  thalamo-cortica l  loop s (Gullapall i  &  Gelfand , 
1995 ;  Gullapall i  &  Gelfand ,  1997 ;  Gullapalli .  Rohd e & 
Gelfand ,  1995) .  I n thi s pape r  w e presen t  result s fo r  th e 
effec t  o f  latera l  projection s i n prefronta l  memor y circuit s o n 
interferenc e phenomen a i n S T M .  Thes e mechanism s ar e 
modele d fo r  th e specifi c  tas k o f  wor d processing ,  bu t  th e 
principle s reviewe d her e ar e applicabl e t o othe r  cognitiv e 
tasks .  Th e result s o f  thi s stud y sugges t  a  particula r 
representationa l  organizatio n fo r  prefronta l  S T M circuits . 

A rch i tec tu r e O f  S h o r t  T e r m M e m o r y 

The overal l  architectur e fo r  th e postulate d prefronta l  S T M 
circuit s i s show n i n Fig .  1 .  Th e prefronta l  an d associatio n 
cortica l  area s ar e organize d a s multipl e group s o f  mutuall y 

inhibitor y neuron s tha t  correspon d t o cortica l  column s 
(Mountcastle ,  1978) .  Thes e column s ar e indicate d b y 
grouping s o f  neuron s i n th e tempora l  associatio n corte x an d 
prefronta l  corte x i n th e figure .  Thes e column s ar e ijo t 
necessaril y  adjacen t  t o eac h othe r  i n eac h cortica l  are a bu t 
may b e anatomicall y distributed .  A s discusse d i n th e nex t 
section ,  w e use d a  distribute d representatio n ove r  th e inpu t 
cortica l  column s wit h cortico-cortica l  interconnection s 
betwee n column s forme d throug h Hebbia n learnin g t o 
encod e stimulu s words .  I n thi s representation ,  eac h colum n 
denote s a  feature .  Withi n eac h column ,  eac h neuro n denote s 
a particula r  colo r  o r  ver b whos e excitatio n i s associate d wit h 
tha t  word . 

Activit y i n th e sensory/languag e cortica l  module s locate d 
i n th e tempora l  lob e associatio n area s i s transferre d t o th e 
prefronta l  cortica l  column s throug h direc t  projections .  Fo r 
th e verba l  tas k modele d her e thi s woul d correspon d t o th e 
projectio n fro m verba l  associatio n areas ,  suc h a s Wemike' s 
area ,  t o dorsolatera l  prefronta l  corte x ( D e m b e t  al. ,  1995 ; 
Snyder ,  Abdullaev ,  Posne r  &  Raichle ,  1995 ;  Wis e e t  al. , 
1991) .  Similarly ,  fo r  a  S T M tas k wit h visua l  stimuli ,  thi s 
woul d conespon d t o a  projectio n fro m inferio r  tempora l 
corte x t o prefronta l  corte x (Ungerleider ,  Gaffa n &  Pelak , 
1989) . 

I n additio n t o receivin g projection s fro m th e 
sensory/languag e cortica l  modules ,  th e fronta l  corte x als o 
has highl y specifi c  reciproca l  projection s wit h th e thalamus , 
resultin g i n loca l  cortico-thalami c loops .  W h e n activated , 
thes e loop s ca n sustai n activit y i n frontal  corte x neuron s 
(Alexander,  Crutche r  &  DeLong ,  1990 ;  Groenewege n & 
Berendse ,  1994 ;  Houk ,  1995 ;  Selemo n &  Goldman-Rakic , 
1985) .  Thes e loop s ar e activate d throug h selectiv e 
disinhibitio n b y th e basa l  gangli a (Chevalie r  &  Deniau , 
1990) .  I n thi s mode l  th e basa l  gangli a functio n a s a  pattern -
recognize r  providin g a  contextua l  se t  fo r  prefronta l  cortex . 
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Thi s desig n i s simila r  t o a n archilcclur e propose d b y 
Wallesc h an d Papagan o (Wallesc h &  Papagno ,  1988 )  a s 
describe d b y Crosso n (Crosson ,  1992) .  Base d o n input s 
fro m th e cortica l  module s an d th e tas k representation ,  th e 
basa l  gangli a selectivel y disinhibi t  th e cortico-thalami c 
loop s correspondin g t o th e wor d feature s appropriat e fo r  th e 
task .  I f  th e tas k i s C O L O R an d th e inpu t  i s A P P L E ,  fo r 
example ,  th e colum n associate d wit h colo r  feature s i n th e 
prefronta l  corte x woul d b e disinhibited ,  an d becaus e o f  th e 
feedbac k connections ,  woul d b e allowe d t o oscillate . 
However ,  th e specifi c  colo r  whic h woul d b e sustaine d woul d 
be determine d b y th e neurona l  excitatio n projecte d fro m 
tempora l  associatio n corte x t o prefronta l  cortex .  Thus ,  thes e 
prefronta l  neuron s coul d serv e a s a  workin g memor y wher e 

SENSORY INPUT 

Task +  Stimulu s Wor d 

R e p r e s e n t a t i o n o f  I n p u t s 

Wc use a distributed representation over sensory and 
languag e conica l  columna r  array s t o encod e stimuli .  Thi s 
i s inspire d b y th e functiona l  anatom y o f  th e corte x 
(Asanuma ,  1975 ;  Mountcastle ,  1978 ;  Penfiel d & 
Rasmussen ,  1950) .  Th e genera l  organizatio n o f  cortica l 
circuit s i s i n th e for m o f  a  distribute d se t  o f  functionall y 
specifi c  region s o r  column s interactivel y involve d i n th e 
representatio n o f  a  give n inpu t  o r  output .  Eac h functionall y 
specifi c  regio n extract s fro m it s input s highe r  leve l 
informatio n regardin g a  particula r  aspec t  o f  th e task . 
Cortica l  organizatio n i n column s wit h reciproca l  projection s 
betwee n column s ha s bee n observed ,  fo r  example ,  i n th e 

TEMPORAL 
ASSOCIATION CORTEX 

TASK Representational Cortical Columns 
REPRESENTATION 

PREFRONTAL 
CORTEX 

m 
Reciproca l 

Monosynapti c 
Connection s 

THALAMUS 

Selective disinhibition 

GLOBUS PALLIDUS 

BASAL GANGLIA 

STRIATAL SPIN Y CELL S 

Figur e 1 :  Architectur e fo r  associatio n corte x an d prefronta l  short-ter m m e m o r y system .  Fo r  clarity ,  onl y 
projection s t o on e striata l  spin y cel l  ar e shown .  Simila r  convergen t  projection s g o t o eac h striata l  neuron .  AJso ,  th e 
latCTa l  inhibitor y connection s betwee n neuron s withi n eac h associatio n corte x colum n ar e no t  shown . 

task-relevan t  feature s o f  th e stimulu s ar e maintaine d fo r  us e 
by othe r  cognitiv e o r  moto r  area s involve d i n th e executio n 
of  th e task . 

Detaile d description s o f  simulation s usin g thi s architectur e 
particularl y wit h respec t  t o th e rol e o f  th e basa l  gangli a an d 
thalamu s i n task-base d operatio n ar e give n b y Gullapall i  an d 
Gelfan d (Gullapall i  &  Gelfand ,  1995 ;  GullapaU i  &  Gelfand , 
1997 ;  Gullapall i  e t  al. ,  1995) .  I n thi s pape r  w e presen t  th e 
result s o f  simulation s t o stud y S T M interferenc e phenomen a 
an d sugges t  a  representationa l  organizatio n fo r  th e prefronta l 
cortica l  circuit s involve d i n S T M fo r  wor d stimuli . 

primar y an d secondar y visua l  area s (Mountcastle ,  1978) ,  a s 
wel l  a s i n th e moto r  corte x (Asanuma ,  1975) . 

Modu le s i n th e cortica l  co lum n arra y i n ou r 
implementation ,  show n i n Figur e 2 ,  correspon d t o loca l 
informatio n processin g region s o f  th e cortex ,  wit h eac h 
modul e concerne d wit h th e representatio n o f  a  clas s o f 
featur e o f  a n inpu t  word .  Fo r  example ,  neurona l  excitatio n 
i n a  modul e migh t  represen t  a  colo r  o r  a  ver b associate d wit h 
th e stimulu s word .  A s a  result ,  eac h wor d i s represente d a s a 
distribute d activatio n o f  a  grou p o f  neurons ,  eac h encodin g a 
featur e associate d wit h tha t  word .  I n thi s mode l  w e emplo y 
individua l  neuron s t o encod e a  particula r  feature .  However , 
on e coul d us e a  singl e neuro n o r  a  distribute d representatio n 
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over  a  grou p o f  neuron s i n thi s proces s wit h n o differenc e i n 
th e results . 

Figur e 2 :  Bloc k diagra m o f  th e cortica l  colum n arra y use d 
i n ou r  implementatio n t o represen t  words .  Line s endin g i n 
open circle s denot e reciproca l  excitator y projection s betwee n 
neuron s i n differen t  modules ,  whil e thos e endin g i n filled 
circle s denot e inhibitor y projection s betwee n neuron s withi n 
a module . 

For these experiments, we selected a list of 6 input words 
t o represent .  Fo r  th e purpose s o f  thi s simulation ,  th e inpu t 
word s wer e represente d b y tw o cortica l  featur e columns ,  on e 
fo r  colo r  an d on e fo r  verbs .  Eac h containe d fou r  featur e 
element s a s show n i n Tabl e 1 ,  e.g. ,  blac k i s a  colo r  an d bu y 
i s a  verb .  Th e tabl e present s th e activation s o f  th e feature s 
i n eac h colum n whe n eac h o f  th e stimulu s words ,  e.g. , 
apple ,  i s presented .  Thes e activation s wer e selecte d t o giv e a 
serie s o f  plausibl e response s i n orde r  t o illustrat e th e 
dynamic s o f  th e system . 

blac k 
brow n 

red 
yello w 

buy 
eat 
fa U 
run 

appl e 
0. 0 
0. 0 
1. 0 
0. 0 
0. 9 
0. 5 
0. 8 
0. 0 

banan a 
0. 0 
0. 0 
0. 0 
1.0 
0. 9 
0. 2 
0. 8 
0. 0 

grap e 
0. 0 
0. 5 
0. 3 
0. 3 
0. 9 
0. 0 
0. 7 
0. 0 

cat 
0. 8 
0. 5 
0. 0 
0. 0 
0. 0 
0. 0 
0. 2 
0. 8 

dOR 
0. 7 
0. 9 
0. 0 
0. 0 
0. 0 
0. 0 
0. 3 
0. 9 

mouse 
0. 9 
0. 7 
0. 0 
0. 0 
0. 0 
0. 0 
0. 1 
0. 9 

Tabl e 1 :  Activation s o f  cortica l  colum n neuron s i n 
associatio n corte x representin g stimulu s words . 

Proactive Inhibition and the Organization 
o f  S h o r t - T e r m M e m o r y Circuit s 

The organizatio n o f  th e brai n system s simulate d i n thi s 
pape r  i s supporte d b y considerabl e anatomica l  an d 
physiologica l  evidence .  W e d o not ,  however ,  hav e muc h 
guidanc e t o specif y th e natur e o f  th e projectio n fro m 
posterio r  perceptua l  area s t o prefronta l  cortex .  Ther e i s als o 
littl e knowledg e o f  th e natur e o f  representation s i n prefronta l 
cortex .  W e sho w i n thi s pape r  tha t  short-ter m m e m o r y 
interferenc e phenomen a i n h u m a n subject s sugges t  a n 
organizatio n fo r  prefronta l  short-ter m memor y circuits . 

Cohen e t  al .  propos e tha t  ther e i s a  differenc e i n 
representatio n i n posterio r  associatio n corte x an d prefronta l 
S T M circuit s base d upo n th e differenc e i n thei r  functio n 

(Cohen ,  Brave r  &  O'Reilly ,  1996) .  The y propos e a 
distribute d representatio n i n posterio r  perceptua l  corte x 
simila r  l o tha t  describe d i n th e previou s sectio n an d a n 
independen t  categorica l  representatio n i n prefronta l  S T M 
areas .  I n thi s pape r  w e simulat e a  representationa l  schem e 
i n S T M ,  whic h i s  simila r  t o theirs ,  an d sho w tha t  i t  i s 
consisten t  wit h proactiv e inhibitio n (PI )  an d releas e from 
proactiv e inhibitio n phenomena . 

PI  i s  a  wel l  k n o w n phenomen a i n whic h short-ter m 
m e m o ry recal l  i s  decrease d du e t o previou s relate d item s 
(Wickins ,  1970) .  I n th e cas e o f  words ,  thi s effec t  i s 
m a x i m u m withi n taxonomi c categories ,  an d withi n th e 
classe s o f  stimul i  suc h a s word s an d numbers .  Tha t  is ,  i t  i s 
mor e difficul t  fo r  subject s t o recal l  item s from  th e categor y 
toy s i f  the y hav e previousl y bee n aske d t o recal l  othe r  toy s 
i n th e recen t  past .  T h e effec t  i s  leas t  fo r  word s o f  th e sam e 
par t  o f  speec h o r  tense ,  an d word s wit h a  simila r  numbe r  o f 
syllable s o r  phonemes .  A  releas e phenomen a occur s whe n 
th e subjec t  i s  expose d t o stimul i  tha t  ar e no t  i n th e sam e 
category .  Fo r  example ,  i f  a  subjec t  i s  give n a  numbe r  o f 
trials ,  eac h consistin g o f  3  toys ,  recal l  wil l  diminis h ove r 
trials .  I f  a  n e w stimulu s se t  i s  presente d immediatel y 
thereafte r  tha t  i s  no t  i n th e sam e category ,  e.g. ,  kitche n 
utensils ,  the n performanc e wil l  retur n t o origina l  levels . 

< 

u 
t c 
Ed 
a. 

SIMILA R 
C A T E G O RY 

/ 
C A T E G O RY S m F T 

1 2 3  4  5 

TRIAL NUMBER 

Figure 3: A schematic representation of the general 
phenomena o f  P I  an d releas e fro m P I 

The phenomenon of PI in STM suggests that prefrontal 
short-ter m memor y circuit s woul d b e mad e u p o f  column s 
whic h represen t  individua l  categorie s o f  stimul i  an d tha t 
ther e ar e latera l  inhibitor y connection s withi n thos e 
columns .  Thes e latera l  inhibitor y connection s woul d 
provid e inhibitio n t o relate d concept s i n a  categor y from  th e 
residua l  excitatio n o f  previousl y presente d stimuli .  I t  als o 
suggest s tha t  ther e ar e n o latoa l  projection s a m o n g differen t 
categor y columns .  Thi s independenc e o f  representatio n 
result s i n a  restoratio n o f  performanc e upo n exposur e t o n e w 
stimul i  i n a  n e w class .  Projection s fro m posterio r 
associatio n area s woul d the n b e a  patter n classifie r  whic h 
woul d transfor m th e feature-base d representatio n o f  th e 
posterio r  area s t o th e category-base d concep t  representatio n 
of  th e prefronta l  short-ter m m e m o r y circuits . 

255 



Pos te r io r  t o A n t e r i o r  Pro jec t ion s a n d 
R e p r e s e n t a t i o n i n S T M 

Base d upo n th e discussio n i n ih e las t  section ,  w e hav e 
constructe d a n architectur e fo r  th e projectio n fro m posterio r 
associatio n corte x t o th e S T M are a o f  prefronta l  corte x an d a 
representationa l  schem e fo r  th e cortica l  column s i n 
prefironta l  cortex .  Thi s architectur e i s show n i n Fig .  4 .  Th e 
representationa l  schem e i n th e posterio r  associatio n corte x i s 
th e sam e a s tha t  show n i n Figur e 2 .  Ther e ar e tw o cortica l 

columns ,  on e eac h fo r  colo r  an d verbs .  Th e projectio n fro m 
th e associatio n corte x i s a  singl e laye r  perceptro n whos e 
inpu t  laye r  i s th e associatio n corte x projectin g t o a n outpu t 
laye r  i n prefronta l  cortex .  Th e singl e laye r  perceptro n i s a 
patter n classifie r  tha t  classifie s feature s i n th e posterio r 
perceptua l  corte x an d create s a  representatio n i n prefronta l 
corte x base d upo n cell s representin g concept s i n column s 
organize d a s categories .  Ther e ar e tw o column s i n prefronta l 
corte x organize d a s categorie s o f  objects ,  on e fo r  fruit s an d 
one fo r  animals . 

SENSORY 
INPUT 

PREFRONTAL THALAMUS 
CORTEX 

ASSOCIATION 
CORTEX 

Figur e 4 :  A  schemati c diagra m o f  associatio n corte x an d prefronta l  corte x an d th e projectio n betwee n them .  Latera l 
connection s withi n cortica l  module s ar e inhibitory .  Latera l  connection s betwee n cortica l  column s i n associatio n corte x ar e 

excitatory .  Fo r  clarity ,  no t  al l  intercolum n excitator y projection s ar e shown . 

Intracolum n latera l  inhibitor y connection s an d 
intercolum n latera l  excitator y connection s ar e show n i n 
associatio n cortex .  Onl y latera l  inhibitor y connection s ar e 
postulate d t o exis t  withi n column s i n prefronta l  cortex .  N o 
latera l  excitator y projection s betwee n column s exist .  A s 
mentione d earlier ,  th e projection s fro m th e basa l  gangli a an d 
thalamu s ar e no t  include d i n thi s simulation .  Eac h neuro n 
i n prefronta l  corte x ha s a  recurren t  connectio n wit h itsel f 
simulatin g th e reciproca l  connection s wiU i  thalami c neuron s 
i n th e ful l  model . 

Results 

Persistence in Prefrontal Short-Term Memory 
Circuit s 

I n thi s section ,  w e presen t  experimenta l  result s tha t 
demonstrat e th e propertie s o f  th e mode l  architecture .  T o 
demonstrat e oscillator y behavio r  i n th e cortico-thalami c 
loops ,  w e presente d thre e sequentia l  stimul i  t o th e inpu t 
circuit .  Th e grap h i n Fig .  5  show s th e activit y o f  neuron s 
i n associatio n corte x an d prefronta l  cortex .  Th e stimulu s 
interva l  fo r  eac h sequentia l  stimulu s i s show n abov e th e 
grap h denote d b y th e first  lette r  o f  banana ,  appl e an d grape , 
respectively .  I n eac h cas e w e not e tha t  th e activit y o f 

neuron s representin g th e componen t  feature s o f  eac h 
stimulu s i s excite d i n associatio n corte x an d decay s rapidl y 
afte r  th e stimulu s i s terminated .  Th e neuron s i n prefronta l 
S T M memor y cortex ,  however ,  continu e t o fire  afte r  th e 
stimulu s i s remove d du e t o thalamo-cortica l  oscillations . 
Th e oscillation s eventuall y deca y becaus e o f  th e leak y 
neuron s use d i n th e circuit .  Thi s capture s th e dynamic s o f 
thalamo-cortica l  loop s suggeste d b y severa l  researcher s 
(Alexande r  e t  al. ,  1990 ;  Chevalie r  &  Deniau ,  1990 ;  Fuste r 
& Alexander .  1973 ;  Goldman-Raki c &  Friedman ,  1991 ; 
W a n g,  Rinze l  &  Rogawski ,  1991) . 

Simulation of Proactive Inhibition in Short-Term 
M e m o r y 

PI  an d releas e fro m P I  i n S T M wa s simulate d b y 
presentin g thre e sequentia l  stimul i  i n th e frui t  categor y 
followe d immediatel y b y thre e sequentia l  stimul i  i n th e 
anima l  category .  I n eac h cas e th e n e w stimulu s wa s 
presente d whe n th e leve l  o f  activatio n o f  th e previou s 
stimulu s wa s a t  abou t  2 5 % o f  it s  pea k level .  Th e leve l  o f 
activatio n fo r  th e neuro n representin g eac h stimulu s i s 
shown i n Fig .  6  compare d t o th e leve l  o f  activatio n o f  eac h 
stimulu s neuro n i f  Ui e stimulu s wa s presente d alone .  Th e 
tiiangular  point s denot e activatio n tha t  woul d resul t  fo r 
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separat e trial s wher e ther e i s n o intertria l  interference .  Th e 
circle s denot e activatio n fo r  trial s presente d i n successio n 
wher e residua l  activit y o f  previou s stimul i  throug h latera l 
inhibitor y connection s cause s a  diminishe d respons e fo r 
subsequen t  stimuli .  W h e n ther e i s a  shif t  i n th e categor y o f 
stimulu s fro m fruit s t o animals ,  th e activit y o f  th e 
prefronta l  S T M neuron s recover s t o a  leve l  whic h i s equa l  t o 
th e activit y o f  tha t  neuro n i f  th e stimulu s wa s presente d 
alone .  Thi s decremen t  an d recover y i n activit y level s i n 
S TM woul d resul t  i n th e shift s i n recal l  performanc e show n 

I — B - H 

i n Fig ,  3 .  W e not e a  sligh t  decremen t  o f  activit y fo r 
individua l  exposure s t o th e anima l  stimul i  i n th e cat ,  do g 
mouse orderin g show n i n Fig .  6 .  W e foun d tha t  thi s i s du e 
t o lowere d activit y i n th e associatio n corte x becaus e man y 
share d feature s i n thes e stimul i  resul t  i n greate r  tota l  latera l 
inhibition .  Thi s i s du e t o th e simpl e natur e o f  latera l 
projection s i n th e model .  W e foun d tha t  th e effect s reporte d 
her e ar e no t  dependen t  upo n th e initia l  choic e o f  stimul i  o r 
thei r  relationships . 

Banana 

C0. 7 

• B 0.6 -

•t = 0.4 ^ 

•t ' 

Tr ia l 

-• -  blac k 

-e- brown 

Hi- red 

-A- yellow 

-w— buy 

-•— eat 

-I— fall 

-*— run 

-*— banana 

-m- apple 

-•- grape 

Figur e 5 .  Example s o f  th e activatio n o f  associatio n corte x an d prefronta l  corte x neuron s whe n variou s stimul i  ar e presented . 
The activit y o f  th e neuron s labele d banana ,  appl e an d grap e ar e i n prefronta l  cortex .  Th e other s ar e i n associatio n cortex . 

• = 0.6 -

Banana Appl e Mouse 

Figur e 6 :  A  graphica l  representatio n o f  th e simulatio n o f  proactiv e inhibitio n an d releas e from  proactiv e inhibition .  Th e 
activatio n o f  neuron s i n prefronta l  corte x i s plotte d a s a  functio n o f  tim e durin g th e presentatio n o f  6  stimul i  a s note d o n th e 

graph .  Th e triangula r  point s denot e activatio n tha t  woul d resul t  fo r  separat e trial s wher e ther e i s n o intertria l  interference . 
The circle s denot e activatio n fo r  trial s presente d i n successio n wher e residua l  activit y o f  previou s stimul i  throug h latera l 

inhibitor y connection s cause s a  diminishe d respons e fo r  subsequen t  stimuli . 

D i s c u s s i o n 

Thoug h th e phenomeno n o f  P I  an d releas e from  P I  coul d b e 
simulate d quit e readil y wit h th e postulate d representationa l 
organizatio n o f  S T M ,  i t  i s  possibl e tha t  thes e phenomen a 
coul d als o resul t  frx)m  a  representatio n i n S T M base d upo n 
features ,  a s i n th e organizatio n o f  associatio n corte x i n th e 

model .  P I  an d releas e from  P I  coul d b e simpl y du e t o th e 
fac t  tha t  object s i n th e sam e categor y shar e mor e feature s 
tha n object s i n othe r  categories .  Futur e simulation s i n 
combinatio n wit h studie s o f  subjects '  performanc e wil l  b e 
directe d a t  thi s issue . 

The mode l  use d i n th e simulation s reporte d her e i s quit e 
simple .  Th e feature s o f  th e mode l  highligh t  th e fac t  tha t 
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representationa l  issue s ca n b e elucidate d b y simulation s o f 
interferenc e phenomena .  W e di d no t  includ e th e rol e o f  th e 
basa l  gangli a i n controllin g thalamo-cortica l  oscillation s b y 
disinhibitin g specifi c  thalami c neurons .  Thi s woul d lea d t o 
an attentiona l  phenomeno n whic h ma y interac t  strongl y 
wit h th e interferenc e phenomen a w e observed . 
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