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Abstrac t 

In the bam owl, the self-organization of the auditory map of 
spac e i n th e externa l  nucleu s o f  th e inferio r  colliculu s (ICx )  i s 
strongl y influence d b y vision ,  bu t  th e natur e o f  thi s interactio n 
i s unknown .  I n thi s pape r  a  biologicall y plausibl e an d mini -
malisti c mode l  o f  IC x self-organizatio n i s propose d wher e th e 
IC x receive s a  lean t  signa l  base d o n th e owl' s visua l  attention . 
W h en th e visua l  attentio n i s focuse d i n th e sam e spatia l  loca -
tio n a s th e auditor y input ,  th e lear n signa l  i s  turne d on ,  an d th e 
m ap i s allowe d t o adapt ,  A  two-dimensiona l  Kohone n ma p i s 
use d t o mode l  th e ICx ,  an d sitnulation s wer e perfonne d t o eval -
uat e ho w th e lear n signa l  woul d affec t  th e auditor y map .  W h e n 
primar y are a o f  visua l  attentio n wa s shifte d a t  differen t  spatia l 
locations ,  th e auditor y ma p shifte d t o th e correspondin g loca -
tion .  Th e shif t  wa s complet e whe n don e earl y i n th e develop -
ment  an d partia l  whe n don e later .  Simila r  result s hav e bee n ob -
serve d i n th e ba m ow l  wit h it s visua l  field  modifie d wit h prisms . 
Therefore ,  th e simulation s sugges t  tha t  a  lear n signal ,  base d o n 
visua l  attention ,  i s  a  possibl e explanatio n fo r  th e auditor y plas -
ticity . 

Introduction 

I n th e brain ,  severa l  computationa l  map s proces s sensor y in -

formation .  Th e m a p s transfor m th e sensor y inpu t  int o a  lo -

calize d activit y o n th e m a p ,  whic h ca n b e easil y accesse d b y 

othe r  neura l  processes .  Thes e m ^ s self-organiz e s o tha t  th e 

inpu t  spac e i s represente d topologicall y o n th e m a p (Knudse n 
et  al. ,  1987) ,  Typicall y eac h m a p i s concerne d wit h onl y on e 

sensor y modality .  However ,  th e b a m ow l  i s unusua l  i n tha t  it s 

auditor y m a p i s strongl y influence d b y a  differen t  modality , 

vision . 

S o me kin d o f  visua l  influenc e o n th e auditor y m a p i s k n o w n 

t o exis t  becaus e th e auditor y m a p adapt s eve n whe n onl y vi -

sio n i s distorted .  Th e auditor y m a p i n th e externa l  nucleu s 

of  th e inferio r  colliculu s ( ICX )  project s th e auditor y inpu t  t o 

tli e opti c tectum .  I n th e opti c tectum ,  th e auditor y informatio n 

i s combine d wit h visua l  inpu t  t o for m a  bimoda l  topogr^hi c 

m ^  o f  space .  Thi s spatia l  m a p allow s th e b a m ow l  t o locat e 

it s pre y usin g eithe r  visua l  o r  auditor y cues .  I n orde r  t o sup -

por t  th e bimoda l  organizatio n i n th e opti c tectum ,  th e audi -

tor y m a p i n th e inferio r  colliculu s mus t  b e stmcture d appro -

priately ;  a  vision-base d calibratio n signa l  mus t  b e involve d i n 

it s self-organizin g process .  I n thi s paper ,  th e hypothesi s tha t  a 

lea m signal ,  base d o n coincidenc e o f  visua l  attentio n an d au -

ditor y input ,  mediate s th e auditor y plasticit y  o f  th e ICx ,  i s  pro -

pose d an d evaluate d computationally . 

A u d i t o r y a n d V isua l  Loca l i za t io n 

i n th e Bar n Ow l 

To motivat e discussio n o f  th e lea m signal ,  le t  u s first  revie w 

th e role s th e inferio r  colliculu s an d th e opti c tectu m hav e o n 

localization .  Th e b a m ow l  primaril y use s sound s t o localiz e 

it s pre y i n th e dark ,  an d i t  ca n d o thi s wit h a n accurac y sur -

passin g tha t  o f  mos t  bird s an d m a m m a l s (Payne ,  1971) ,  Th e 

auditor y map s tha t  giv e th e b a m ow l  it s extraordinar y abilitie s 

ar e locate d i n th e inferio r  colliculus .  Ther e ar e thre e subdivi -

sion s o f  th e inferio r  colliculu s k n o w n a s th e centra l  nucleu s 

(ICc) ,  extema l  nucleu s (ICx) ,  an d superficia l  nucleu s (ICs) , 

Th e IC s i s a  relativel y smal l  portio n o f  th e inferio r  colliculus , 

and littl e i s k n o w n abou t  it s functio n othe r  tha n ther e m a y b e 

a fe w projection s t o th e IC x (Knudsen ,  1983) ,  Th e neuron s i n 

th e ICc ,  however ,  ar e sharpl y tune d t o frequenc y an d tonotopi -

call y organized ,  an d th e neuron s i n th e IC x ar e broadly  tune d 

t o frequency  an d spatiotopicall y organized .  Th e IC x receive s 
it s inpu t  fro m th e ICc .  Th e frequency-code d auditor y inpu t 

t o th e IC c i s transforme d t o spatia l  locatio n i n th e IC x b y th e 

projectio n fro m th e IC c t o th e ICx .  Thi s transformatio n pro -

cess ,  involvin g interaura l  leve l  difference s (ILD )  an d interau -

ra l  tim e difference s (ITD) ,  ca n unambiguousl y determin e th e 

location ,  i n azimut h an d elevation ,  o f  th e sourc e o f  th e audi -

tor y inpu t  (Brainar d e t  al. ,  1992 ;  Knudsen ,  1987) . 

Th e spatiotopi c organizatio n tha t  exist s i n th e IC x i s pro -

jecte d t o th e opti c tectum .  I n th e opti c tectu m (OT) ,  ther e i s 

a genera l  bimoda l  m a p o f  spac e tha t  respond s t o bot h visua l 

and auditor y inpu t  (Knudsen ,  1982) .  Thi s m a p enable s th e 

owl  t o determin e th e locatio n o f  it s pre y eithe r  usin g visua l 

cue s o r  auditor y cues .  Experiment s wit h visua l  stimul i  hav e 

show n tha t  neuron s i n th e opti c tectu m ar e organize d accord -

in g t o azimut h an d elevation ,  an d a  visua l  stimulu s i n a  cer -

tai n are a o f  spac e cause s th e neuron s representin g tha t  are a o f 

spac e t o fire  m u c h mor e rapidl y (Knudse n &  Konishi ,  1978 ; 

Knudsen ,  1982) ,  Th e m a p respond s t o auditor y stimul i  i n th e 

same way .  Mos t  o f  th e neuron s tha t  respon d t o visua l  stimul i 

als o respon d t o auditor y stimuli .  I n addition ,  th e locatio n o f 

an auditor y respons e i s usuall y ver y clos e t o th e locatio n o f 

th e correspondin g visua l  response .  Thi s way ,  bot h modalitie s 

lea d t o simila r  responses ,  an d othe r  neura l  structure s ca n pro -

ces s locatio n informatio n i n th e sam e way ,  irrespectiv e o f  th e 

originatin g modality . 

Sinc e th e m a p i n th e O T i s forme d b y mergin g tw o differen t 
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IC X 
Outpu t  t o O T 

Lear n Signa l 

t 
Inpu t  Vecto r 
(fro m IC C t o ICX ) 

Figur e 1 :  Th e IC x model .  Th e two-dimensiona l  featur e ma p stand s fo r  th e auditor y spatia l  ma p i n th e IC x o f  th e ba m owl .  Th e inpu t  fro m 
th e IC c i s a  vecto r  tha t  i s  propagate d t o eac h nod e i n th e network .  Th e lear n signa l  i s  eithe r  o n o r  off ,  an d determine s whethe r  th e ma p wil l  b e 
adapted .  Th e neuron s o f  th e IC x projec t  t o th e opti c tectum . 

modalities ,  auditor y an d visua l  inpu t  mus t  hav e a  compatibl e 

structur e i n orde r  t o assur e tha t  th e bimoda l  m j ^  wil l  encod e 

th e sam e locatio n fo r  bot h inputs .  Furthermore ,  sinc e th e re -

gio n o f  th e bimoda l  m a p tha t  correspond s t o th e are a directl y 

i n fron t  o f  th e ow l  i s magnifie d (occupyin g a  disproportion -

atel y larg e portio n o f  th e m ^ ) ,  th e auditor y spatia l  m a p i n 

th e IC x mus t  hav e th e sam e amoun t  o f  magnificatio n i n thi s 

are a i n orde r  fo r  th e visua l  an d auditor y location s t o corre -

spond .  Th e structur e o f  th e retin a cause s magnificatio n o f  th e 

visua l  input .  Sinc e ther e i s n o correspondin g mechanis m tha t 

magnifie s auditor y input ,  th e auditor y m a p i n th e IC x mus t  b e 

conformin g t o th e visua l  m a p i n th e opti c tectum .  Therefore , 

i t  seem s tha t  a  visuall y base d calibratio n signa l  mus t  exist s 

whic h guide s th e developmen t  o f  th e auditor y m a p i n th e ICx . 

Severa l  experiment s hav e bee n performe d t o determin e 

what  influenc e visio n an d hearin g hav e o n th e formatio n o f 

th e bimoda l  m a p i n th e opti c tectu m (Knudsen ,  1985 ;  1988 ; 

Knudse n &  Brainard ,  1991 ;  Knudse n &  Knudsen ,  1985a ; 

1985b ;  1990) .  Sinc e th e O T receive s it s auditor y inpu t  fro m 

th e ICx ,  an y change s i n th e representatio n o f  auditor y spac e i n 

th e O T reflec t  th e plasticit y tha t  i s occurrin g i n th e IC x du e t o 

vision .  Fo r  example ,  prism s o r  occluder s wer e mounte d ove r 
th e owl' s eye s t o manipulat e th e visua l  informatio n th e ow l  re -

ceive d (Knudse n &  Knudsen ,  1985a) .  Th e ad^tatio n usuall y 

too k week s an d th e prism s wer e lef t  o n fo r  a  perio d o f  months . 

Whil e th e owl s stil l  ha d th e prism s on ,  thei r  auditor y local -

izatio n abilitie s wer e teste d b y havin g th e ow l  orien t  it s hea d 

directl y a t  th e locatio n o f  a n auditor y stimulus .  Howeve r  a n 

owl ,  wearin g righ t  shiftin g prisms ,  localize d t o th e righ t  o f  th e 

auditor y stimulus .  Eve n thoug h th e ow l  receive d correc t  au -

ditor y information ,  i t  coul d no t  accuratel y locat e th e stimulus ; 

instea d th e ow l  chos e a  locatio n tha t  conforme d t o th e visua l 

distortio n create d b y th e prisms .  Thi s i s a n instanc e wher e a 
shifte d visua l  signa l  cause s th e formatio n o f  a n abnorma l  au -

ditor y spatia l  m ^  i n th e ICx ,  an d therefor e i n th e O T ,  eve n 

thoug h ther e wer e n o distortion s i n th e auditor y input .  Visio n 

i s use d a s a  recalibratio n mechanis m fo r  th e auditor y spatia l 

map i n th e ICx ,  eve n i f  th e visua l  cue s ar e incorrect .  Thes e 
experiment s sho w a n innat e dominanc e o f  visio n ove r  audi -

tion . 

Where doe s th e visua l  recalibratio n signa l  com e from ? Th e 

IC x doe s no t  respon d t o an y visua l  inputs ,  s o ther e ar e n o di -

rec t  visua l  signal s availabl e fo r  compariso n a t  th e ICx .  A n -

terograd e labelin g reveale d tha t  ther e wa s n o direc t  feedbac k 

from  th e opti c tectu m t o th e IC x eithe r  (Knudse n &  Knudsen , 

1983) .  Previou s computationa l  model s o f  visua l  calibratio n 

i n th e IC x m a p hav e relie d o n suc h connections ,  modele d b y 

backpropagatio n o f  a n erro r  signa l  and/o r  a  reinforcemen t  sig -
nal  (Rose n e t  al. ,  1994 ;  Pouge t  e t  al. ,  1995) .  I n addition ,  thes e 

model s di d no t  addres s h o w th e two-dimensiona l  m a p s i n th e 

IC x coul d self-organiz e fro m th e visua l  input .  I t  ha s bee n con -

firmed  tha t  th e syn^ti c change s tha t  alte r  th e auditor y map s 

occu r  i n th e IC x itself ,  an d no t  i n th e lowe r  center s o r  i n th e 
opti c tectu m (Brainar d &  Knudsen ,  1993) .  T o date ,  th e natur e 

of  th e recalibratin g signa l  t o th e IC x i s no t  wel l  understood . 

I n th e remainde r  o f  thi s p^er ,  a  simpl e biologicall y plausi -

bl e mechanis m fo r  th e self-organizatio n an d plasticit y o f  th e 

IC x i s proposed .  Simulation s ar e performe d t o demonstrat e 

th e plasticit y o f  th e IC x an d th e effect s o f  th e propose d lear n 

signal .  Th e result s ar e the n discusse d alon g wit h som e possi -

bl e futur e area s o f  research . 

The Learn Signal Model 

The model is based on the self-organizing feature map (Ko-

honen ,  1981,1989,1990) ,  whic h i s a n abstractio n o f  th e bio -

logica l  mechanism s tha t  giv e ris e t o topographi c maps .  Here , 
a two-dimensiona l  Kohone n m a p model s th e auditor y spatia l 
m ap i n th e ICx .  Th e spatia l  locatio n i s assmne d t o b e com -

pute d b y th e projectio n fro m th e IC c t o th e ICx ,  an d th e m a p 

networ k receive s th e resultin g spatia l  representatio n vecto r  a s 

it s inpu t  (figur e 1) .  Thes e auditor y inpu t  vector s ar e uniforml y 

distribute d sinc e a  soun d ca n originat e a t  an y locatio n i n spac e 
(figur e 2a) . 

H o w coul d visua l  inpu t  calibrat e th e auditor y m a p forme d 

by th e Kohone n algorithm ? Becaus e th e IC x doe s no t  respon d 

t o an y visua l  input s directly ,  th e calibratio n signal ,  whil e visu -

all y based ,  mus t  b e o f  a  differen t  form .  A  simpl e lear n signa l 

tha t  turn s th e synapti c learnin g o n o r  of f  i s  propose d i n thi s pa -

per .  W h e n th e visua l  attentio n an d th e locatio n o f  th e soun d 
sourc e coincide ,  th e lear n signa l  i s  turne d o n an d allow s th e 

m ^  t o adapt .  Thus ,  th e signa l  force s th e m a p t o lear n th e por -

tio n o f  th e inpu t  spac e currentl y attende d to .  Sinc e th e ow l  at -
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(a )  Auditor y inpu t  spac e {b )  Visua l  attentio n center s (c )  Auditor y spatia l  ma p 

Figur e 2 :  Self-organizatio n o f  th e norma l  topographi c IC x map .  Th e squar e regio n i n (a )  i s a  two-dimensiona l  representatio n o f  th e 
auditor y space ,  an d th e input s ar e uniforml y distribute d i n thi s space .  Figur e (b )  show s th e distributio n o f  visua l  attentio n center s tha t  wer e 
use d t o determin e th e on/of f  valu e o f  th e visua l  instructiv e signal .  Th e attentio n i s distribute d abou t  th e cente r  o f  th e inpu t  spac e i n a  gaussia n 
fashion ,  s o tha t  th e cente r  i s  attende d t o mor e frequently  tha n th e periphery .  Whe n traine d wit h thes e signals ,  a  topographi c ma p o f  th e inpu t 
spac e develops ,  a s show n i n figure  (c) .  Th e widt h o f  th e ma p correspond s t o th e sprea d o f  th e attentio n signal . 

tend s mor e ofte n t o th e cente r  o f  it s  visua l  field  tha n t o th e pe -

riphery,  a  gaussia n distributio n aroun d th e cente r  o f  th e inpu t 

spac e i s use d t o generat e th e visua l  attentio n (figur e 2b) . 

I n th e Kohone n m a p th e neuro n tha t  i s mos t  simila r  t o th e 

inpu t  vecto r  i s  k n o w n a s th e excitatio n center .  Th e excitatio n 

cente r  o f  th e auditor y m a p ,  fo r  inpu t  v  i s define d a s th e neuro n 

r '  fo r  whic h 

Vr  :  \ \ v - w r '  ||<||t^-iy r (1 ) 

wher e r  ar e th e node s i n th e networ k an d î r  i s  th e vecto r  o f 

weights .  Th e excitatio n cente r  i s  th e imag e o f  th e auditor y in -

put  o n th e map . 

Durin g trainin g th e lear n signa l  mus t  b e computed .  I f  th e 

Euclidea n distanc e betwee n th e auditor y inpu t  an d th e visua l 

attentio n i s withi n a  certai n threshol d 9 ,  th e lear n signa l  wil l 

be on ;  otherwis e th e signa l  i s  off .  W h e n th e signa l  i s on , 

th e synapti c strength s o f  th e neighborhoo d aroun d th e excita -

tio n cente r  ar e modifie d accordin g t o th e standar d featur e m a p 

learnin g algorith m 

^ne w ^  ^ol d ̂  ^ ( ^  _  ^ o M ) (2 ) 

wher e a  i s th e learnin g rate .  Adaptatio n occur s onl y whe n th e 

owl  i s attendin g t o th e are a o f  spac e wher e th e soun d origi -

nates ,  tha t  is ,  whe n th e auditor y inpu t  an d visua l  attentio n co -

incide . 

Simulations 

Simulation s wer e performe d usin g a  2 0 x  2 0 neuro n net -

wor k wit h rando m initia l  value s fo r  al l  weights .  Eac h train -

in g tria l  consiste d o f  fou r  steps :  (1 )  A n inpu t  vecto r  wa s gen -

erate d an d th e excitatio n cente r  wa s determine d usin g equa -

tio n 1 .  (2)  A n attentio n cente r  wa s generate d an d (3 )  com -

pare d wit h th e excitatio n center .  I f  th e signal s wer e relativel y 

clos e (withi n th e threshol d 6) ,  th e lear n signa l  wa s turne d on ; 

otherwis e th e lear n signa l  wa s off .  (4 )  I f  th e lear n signa l  wa s 

on ,  synapse s wer e modifie d accordin g t o equatio n 2 .  A  tota l 

of  20,00 0 trainin g trial s wer e require d fo r  th e m a p t o organize . 

A serie s o f  experiment s wer e performe d t o simulat e th e 

differen t  experimenta l  condition s o n owl s wit h an d withou t 

prisms .  Th e first  experimen t  simulate d th e contfo l  cas e wher e 

th e ow l  i s  allowe d norma l  vision .  Th e visua l  attentio n i s gen -

erate d fro m a  gaussia n tha t  i s centere d ove r  th e inpu t  spac e 

(figur e 2b) .  Th e resultin g topographi c m a p i s show n i n fig-

ur e 2c .  Th e m ^  i s centere d i n th e inpu t  space ,  an d th e exten t 

t o whic h th e m a p cover s th e spac e i s determine d b y th e sprea d 

of  th e gaussia n attentio n signal .  Thus ,  th e lear n signa l  focuse s 

th e m a p t o th e mos t  attende d portio n o f  th e inpu t  space . 

To simulat e th e developmen t  o f  th e IC x m a p wit h prisms , 

th e cente r  o f  th e gaussia n distributio n o f  attentio n wa s shifte d 

relativ e t o th e inpu t  spac e (figur e 3a) .  Th e secon d experi -

ment  simulate d th e ow l  wearin g th e prism s befor e it s eye s ha d 
opened .  I n thi s case ,  th e gaussia n wa s shifte d befor e an y train -

in g steps .  Th e resultin g networ k ha d a  simila r  shap e a s i n th e 

contro l  case ,  bu t  th e entir e networ k ha d shifte d i n th e direc -

tio n o f  th e lear n signa l  (figur e 3b) .  Here ,  th e m a p wa s force d 

t o lear n th e input s i n th e shifte d region . 

I n th e thir d experiment ,  th e cente r  o f  th e gaussia n wa s 

shifte d afte r  10,00 0 Q-ainin g trials ,  simulatin g a  perio d o f  nor -

mal  development ,  afte r  whic h th e prism s wer e place d ove r  th e 

owl' s eyes .  Initiall y  th e m a p wa s formin g i n th e cente r  o f  th e 

inpu t  space .  Afte r  th e shif t  occurred ,  th e m a p slowl y move d 
toward s th e n e w attentio n center .  Th e are a o f  th e m a p furthes t 

away fro m th e signa l  wa s slowe r  t o adap t  an d looke d simila r 

t o th e m a p wher e th e lear n signa l  i s  centered .  I n conclusion , 

i f  th e shif t  wa s inttoduce d right  fro m th e start ,  th e networ k 

learne d onl y th e attende d regio n (figur e 3&) ;  however ,  i f  th e 

shif t  wa s introduce d i n th e middl e o f  training ,  th e m a p shifte d 

onl y partiall y  (figur e 3c) .  Thes e result s ar e i n agreemen t  wit h 

thos e observe d experimentall y i n th e b a m ow l  (Knudse n & 

Knudsen ,  1990) . 
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(a )  Shifte d visua l  attentio n center s {b )  Attentio n shifte d fro m star t  (c )  Attentio n shifte d afte r  som e trainin g 

Figur e 3 :  Self-organizatio n o f  th e IC x m a p wit h shifte d inputs .  Figur e (a )  show s th e shifte d distributio n o f  visua l  attentio n centers .  Figur e 
(fc )  display s th e ma p traine d fro m th e star t  wit h th e shifte d attentio n signal .  Th e entir e ma p ha s shifte d t o coincid e wit h th e positio n o f  th e 
attentio n signal .  However ,  i f  th e attentio n signa l  i s  shifte d midwa y durin g training ,  onl y th e portio n o f  th e ma p clos e t o th e ne w attentio n 
cente r  shifts ,  a s show n i n figure  (c) . 

D iscuss io n 

The proposed model of the visually guided plasticity in the 

IC x i s minimalisti c i n it s  assumption s an d biologicall y  well -

motivated .  Th e singl e Kohone n m a p represent s th e auditor y 

spatia l  mai Q tha t  exist s i n th e IC x o f  th e b a m owl .  I t  i s  no t 

necessar y t o mode l  th e O T becaus e th e plasticit y o f  th e audi -

tor y m a p occur s a t  th e leve l  o f  th e ICx .  Th e mode l  show s tha t 

a simpl e on/of f  lear n signal ,  base d o n th e coincidenc e o f  vi -

sua l  attentio n an d auditor y input ,  i s  a  sufficien t  explanatio n fo r 

auditor y m a p plasticity .  Th e lear n signa l  doe s no t  nee d con -

nection s fro m th e opti c tectu m t o th e ICx ,  whic h severa l  othe r 

model s rel y on ,  becaus e th e lear n signa l  i s  no t  base d o n a  com -
pariso n o f  th e visua l  an d auditor y input s i n th e O T .  Th e lear n 

signa l  i s  als o m u c h simple r  tha n a n erro r  signal ,  whic h woul d 

includ e informatio n suc h a s th e magnitud e an d locatio n an d 

eve n directio n o f  error .  Th e lear n signa l  coul d originat e fro m 

th e highe r  cortica l  area s o f  th e brai n wher e visua l  inpu t  ha s 

alread y bee n processed ,  an d th e locatio n fo r  visua l  attentio n 
formed . 

I n human s an d othe r  animals ,  sensor y modalitie s ar e com -

bine d t o giv e a  singl e cohesiv e vie w o f  th e world .  I n cer -

tai n case s th e perceptio n o f  th e worl d ca n b e distorted ,  a s i n 

an illusion ,  becaus e o f  conflictin g informatio n fro m differen t 

sensor y inputs .  Th e visua l  dominanc e i n th e formatio n o f  th e 

multimoda l  m a p i n th e b a m ow l  give s insigh t  int o th e mech -
anism s use d fo r  th e integratio n o f  differen t  sensor y modali -

tie s an d h o w on e modalit y ca n distor t  th e perception s o f  othe r 

modalities . 

I n futur e work ,  w e pla n t o exten d th e mode l  wit h mor e real -

isti c  neuron s wit h latera l  connection s wher e th e weigh t  mod -

ificatio n proces s i s completel y unsupervise d (e.g .  Siros h & 

Miikkulainen ,  1994) .  Furthermore ,  w e pla n t o includ e th e IC c 

t o IC x connections ,  whic h ar e responsibl e fo r  computin g th e 
spatia l  inpu t  representatio n fro m th e frequency-specifi c  inter -

aura l  leve l  difference s (ILD )  an d interaura l  tim e difference s 

(ITD) .  Thi s wa y th e IC x woul d b e organize d accordin g t o di -

rec t  input s fro m th e IC c instea d o f  intermediat e spatia l  repre -

sentation s a s i n th e curren t  model .  Th e bimoda l  m ^  tha t  ex -

ist s i n th e O T coul d als o b e included .  Thi s m a p woul d no t  onl y 

represen t  th e visua l  input ,  bu t  i t  woul d als o incorporat e th e 
auditor y inpu t  fro m th e Kohone n m a p i n th e existin g model . 

Suc h a  comprehensiv e mode l  woul d b e a  majo r  ste p towar d 

verifyin g tha t  th e lea m signa l  i s  stil l  sufficien t  fo r  th e plastic -

it y  o f  th e IC x o n thi s larg e scale ,  an d tha t  i t  cause s a  similarit y 

i n stmctur e o f  bot h th e auditor y an d visua l  spatia l  map s s o tha t 

th e mergin g don e i n th e O T i s possible . 

Conclusion 

The simulation s reporte d i n thi s pape r  demonstrat e tha t  a  sim -

pl e visually-base d lea m signa l  i s a  sufficien t  explanatio n o f 

th e auditor y plasticit y observe d i n th e IC x o f  th e b a m owl . 

Unlik e i n previou s models ,  a n erro r  signa l  i s  no t  necessar y 
t o calibrat e th e auditor y map .  Rather ,  th e simpl e coincidenc e 

of  visua l  attentio n an d spatia l  locatio n o f  auditor y inpu t  m a y 

alon e driv e th e plasticit y o f  th e ICx .  Th e coincidenc e signa l 

m ay b e generate d i n th e cortica l  are a tha t  i s responsibl e fo r 

attention .  Direc t  feedbac k projection s fro m th e opti c tectu m 
or  clos e couplin g o f  th e O T an d IC x ar e no t  necessary .  I n th e 

future ,  biologica l  experiment s shoul d b e performe d t o verif y 

whethe r  suc h a  lea m signa l  exists ,  an d als o t o determin e th e 

signa l  pathwa y t o th e IC x fro m th e highe r  cortica l  areas ,  pos -

sibl y vi a th e ICs . 
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