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A M o d e l  o f  Spontaneou s Activit y an d Neura l  Developmen t 

Gary L .  Hait h (HAITII@WHITE.STANFORD.EDU ) 
Davi d J .  Heege r  (HEEGER@white.STANFORD.EDU) 

Departmen t  o f  Psychology ,  Stanfor d Universit y 
Jorda n Hall ,  Bld g 420 ,  Stanford .  C A 94305-213 0 

Purpos e 

To develop a unified model of the activity-dependent refine-
ment  o f  retinotopy ,  eye-specifi c  layer s an d on/of f  sub-layer s 
i n neura l  projectio n fro m th e retin a t o th e latera l  geniculat e 
nucleu s ( L G N )  i n cat s an d ferrets . 

Biologica l  Backgroun d Th e initia l  ingrowt h o f  retina !  af -
ferent s int o th e L G N i s quit e disordered .  Th e afferent s fro m 
bot h eye s an d bot h functiona l  classe s arboriz e an d synaps e o n 
cell s throughou t  th e dept h o f  th e L G N (Shatz ,  1983) .  Ther e 
i s coars e retinotop y i n th e initia l  retinogeniculal e projection , 
but  ther e i s n o evidenc e fo r  precis e retinotop y unti l  maturity . 

Over  development ,  th e retinogeniculat e projectio n sharpen s 
extensively .  Eac h matur e L G N cel l  receive s retina l  inpu t  fro m 
onl y 1- 8 ganglio n cell s fro m on e functiona l  clas s (on-/off -
center )  i n on e eye .  L G N cell s wit h simila r  input s ar e clustere d 
int o eye-specifi c  layer s an d on/of f  sub-layers .  Further ,  th e 
retinotopi c m a p i n th e matur e L G N i s nearl y perfect . 

Durin g th e heigh t  o f  thi s refinement ,  retina l  ganglio n cell s 
(RGC's )  spontaneousl y fir e burst s o f  actio n potential s whic h 
propagat e acros s th e retin a i n waves .  Thes e wave s chang e 
aroun d th e onse t  o f  on/of f  laye r  segregatio n an d disappea r  jus t 
befor e ey e openin g ( W o n g & Oakley ,  1996) .  Durin g th e perio d 
of  wav e activity ,  L G N cel l  responsivit y i s heightene d an d 
inhibitio n i s attenuated .  Notably ,  ther e i s n o evidenc e fo r  long -
rang e intra-LG N connection s a t  an y stag e i n development . 

Computationa l  Backgroun d I t  i s know n tha t  spatiall y  cor -
relate d inpu t  activit y an d Hebbia n processe s ca n generat e 
maps an d segregatio n o f  afferent s (Keesing ,  Stor k &  Shatz , 
1991 ;  Miller ,  1989) .  Thi s mode l  concentrate s o n th e char -
acte r  o f  th e inpu t  activit y an d th e specifi c  physiologica l  an d 
anatomica l  characteristic s o f  th e L G N i n orde r  t o develo p a 
predictiv e an d cohesiv e mode l  o f  a  well-describe d system . 

Model System 

The model simulates the projection from a small patch of 
eac h retin a t o a  portio n o f  th e L G N .  Th e mode l  simulate s 
th e perio d fro m retinogeniculat e fiber  ingrowth ,  whe n layer s 
ar e undifferentiate d an d retinotop y i s probabl y coarse ,  t o eye -
opening ,  whe n laye r  segregatio n i s nearl y complete . 

Intra-LG N Connectivit y Eac h L G N cel l  connect s wit h 
fixed  positiv e weight s t o it s 4  neares t  intra-laye r  neighbors , 
and it s neares t  inter-laye r  neighbor ,  biasin g th e mode l  towar d 
laye r  formation .  I n addition ,  eac h L G N cel l  inhibit s itsel f  wit h 
increasin g strengt h ove r  development .  Ther e ar e n o longer -
rang e connections . 

Initially ,  th e mode l  afferent s arboriz e acros s al l  layers ,  bu t  i n 
a restricte d rando m retinotopi c locatio n (tha t  i s  slightl y biase d 
toward s it s retinotopicall y correc t  location) .  Snap-shot s o f 
waves ar e iterativel y presente d an d th e weight s ar e update d 
usin g a  modifie d Hebbia n algorithm .  Th e simulate d wave s 
chang e ove r  training ,  matchin g th e change s i n th e observe d 
waves ove r  development . 

Weight Change Algorithm The algorithm consists of four 
steps .  First ,  th e inpu t  t o L G N cell s i s  compute d a s a  (weighted ) 
linea r  su m o f  th e inpu t  an d neighbo r  activities .  Th e L G N ac -
tivit y i s  iterate d unti l  reachin g stead y state ,  effectivel y blurrin g 
th e retina l  inpu t  t o th e L G N .  Th e amoun t  o f  blurrin g i s deter -
mine d b y th e self-inhibitio n i n L G N cell s an d th e efficac y o f 
th e retina l  synapses .  Th e blurrin g decrease s ove r  tim e i n cor -
relatio n wit h physiologica l  change s ove r  development ,  i t  thu s 
play s a n analogou s rol e t o shrinkin g neighborhoo d function s 
i n othe r  models . 

Second ,  th e retina-to-LG N weight s ar e update d proportion -
all y t o th e produc t  o f  th e R G C an d L G N cel l  activitie s an d th e 
previou s weight .  Third ,  th e weight s ar e blurre d t o mimi c a 
branchin g factor .  Fourth ,  th e weight s ar e normalize d suc h tha t 
th e tota l  connectio n strengt h o f  eac h neuro n stay s constant . 

Results 

I n th e model ,  wave-lik e retina l  activit y wa s foun d t o suppor t 
th e developmen t  o f  retinotopy ,  eye-specifi c  an d on/of f  laye r 
segregation .  Th e time-cours e o f  refinemen t  i n th e mode l  qual -
itativel y matche s th e time-cours e o f  refinemen t  observe d i n 
cat s an d ferrets .  Specifi c  mode l  paramete r  requirement s wer e 
explored . 
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