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Th e neurobiologica l  dua l  rout e mode l  o f  fea r  conditioning , 
develope d b y LeDou x (1996) ,  wa s investigate d i n fou r 
simulation s withi n a  connectionis t  framework  usin g C A L M 
Maps,  a  competitiv e learnin g procedure .  Th e theoretica l 
model  posit s th e existenc e o f  tw o distinc t  neiua l  pathway s 
t o th e amygdal a i n emotiona l  processing ,  th e cortica l  an d 
th e sub-cortica l  pathway .  Thes e pathway s hav e difleren t 
fimction s i n processin g emotiona l  stimuli ,  du e t o thei r  dif -
ferenc e i n lengt h an d processin g capacity . 
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Figur e 1 :  T h e architectur e o f  th e dua l  rout e model . 

We adapted the model (Figure 1), and then successfully 
replicate d th e A r m o n y e t  al .  simulations ,  consistin g o f 
shift s i n receptiv e fields  o f  individua l  node s an d a n overal l 
behaviora l  chang e du e t o conditionin g (Figur e 2) .  Contrar y 
t o th e A r m o n y e t  al .  model ,  th e representation s wer e or -
dere d topologjcaU y i n al l  modules ,  an d th e unconditione d 
stimulu s (US )  w a s presente d t o th e C A L M Arousal-node , 
wh ic h increase s th e learnin g rate ,  instea d o f  feedin g i t  di -
rectl y t o th e regula r  nodes . 
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Figur e 2 :  Amygda l a activatio n a s a  ftmctio n o f  frequency. 

Additional simulations elaborated on specific aspects of 
C A L M M a p s .  Extinctio n coul d b e observe d i n th e model , 

but  onl y b y presentin g interferin g stimu h alon g wit h th e 
conditioned  stimulu s ove r  a  numbe r  o f  presentation s 
(Figur e 3) .  Laten t  inhibition ,  th e lowe r  susceptibiht y t o 
conditionin g o f  a  famiha r  stimulu s relativ e t o a n unfamilia r 
one ,  emerge d naturall y from  th e arousa l  syste m i n C A L M 
M a p s,  whic h wil l  b e activate d b y presentatio n o f  a  nove l 
sUnuilus .  Thus ,  i n conditionin g a  nove l  stimulu s bot h th e 
novelt y o f  th e C S an d th e noxiousnes s o f  th e U S contribut e 
t o a n increase d learnin g rate . 
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Figur e 3 :  Extinctio n ove r  tim e i n th e amygdala . 

The relative contribution of both pathways to the behav-
io r  o f  th e mode l  w a s examine d i n severa l  lesio n experi -
ments .  Lesion s wer e bot h administere d befor e an d afte r 
conditioning .  Thes e showe d tha t  th e indirec t  pathwa y con -
tribute d littl e t o th e conditione d behavio r  o f  th e model .  O n e 
w ay t o obtai n large r  activation s i n th e corte x m a y b e t o in -
corporat e bi-directiona l  connection s betwee n thalamu s an d 
cortex ,  s o tha t  positiv e feedbac k woul d enhanc e th e 
strengt h o f  representation s i n th e cortex . 

O ur  mode l  showe d som e promisin g results ,  base d o n 
treatin g US-stimul i  a s generator s o f  arousal .  Furthermor e 
our  mode l  succeede d i n simulatin g conditionin g mecha -
nism s no t  discusse d i n th e A r m o n y e t  al .  simulations .  Fur -
the r  researc h alon g th e line s o f  thi s model ,  whic h woul d 
exten d it s  impbcation s beyon d conditioning ,  migh t  b e 
simulation s o f  consciou s versu s non-consciou s affectiv e 
processin g suc h a s fo r  instanc e describe d b y M u r p h y an d 
Zajonc(1993) . 
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