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H o w d o w e Scratc h a n Itch ? 

Imagin e a  simpl e situation :  yo u hav e a n itc h o n you r  lef t 
arm,  an d yo u reac h wit h you r  righ t  ar m t o scratc h it . 
Scratchin g a n itc h a t  firs t  seem s lik e a  simple ,  automati c 
task ,  bu t  a  littl e mor e reflectio n show s tha t  i t  ca n actuall y b e 
quit e complicated .  W e d o no t  nee d t o see ;  rather ,  w e ca n 
accomplis h th e tas k knowin g onl y wher e th e itc h happen s t o 
be o n ou r  body ,  an d ho w fa r  ou r  Ihnb s ar e flexe d o r  extended : 
we nee d onl y somatosensor y information .  W e mov e th e 
reachin g ar m an d th e itchin g ar m togethe r  — the y ar e 
coordinated .  Thi s bimanua l  coordinatio n allow s u s t o reac h 
arbitrar y part s o f  ou r  body :  w e ar e abl e t o scratc h anywher e 
on eithe r  arm .  Th e tas k canno t  alway s b e accomplishe d jus t 
by movin g th e reachin g han d i n a  straigh t  line ;  sometime s 
othe r  part s o f  ou r  bod y ~  o r  th e itchin g ar m itsel f  -  becom e 
obstacle s whic h mus t  b e avoide d o r  moved .  H o w ar e th e 
movement s o f  tw o arm s coordinate d t o avoi d collisions ? 
H o w i s th e body-as-a-targe t  represented ? H o w d o w e reac h 
fo r  a  targe t  tha t  ma y chang e locatio n i n space ? H o w i s th e 
brai n abl e t o creat e a  moto r  trajector y tha t  wil l  coordinat e th e 
body' s limbs ,  avoi d self-collisions ,  an d stil l  achiev e th e goa l 
of  reachin g th e itch ? A  framewor k fo r  thi s proble m i s 
picture d i n Figur e 1 ,  an d som e exampl e configuration s o f  th e 
model  framewor k ar e show n i n Figur e 2 . 
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Figur e 1 :  A  sketc h o f  th e scratch-an-itc h problem .  Th e 
model  consist s o f  tw o arms ,  eac h wit h tw o joints , 
whic h allo w bot h arm s t o m o v e freel y i n tw o 
dimension s i n fron t  o f  th e body .  A  targe t  ca n b e chose n 
on eithe r  arm .  Th e proble m fo r  th e mode l  is :  give n a n 
arbitrar y startin g position ,  find  a  wa y t o mov e th e arm s 
so tha t  th e ti p o f  th e scratchin g ar m touche s th e itc h 
(targe t  location) ,  avoidin g self-collision s o n th e way . 
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Figur e 2 :  Exampl e configuration s o f  th e model . 

One wa y t o mode l  th e scratch-an-itc h tas k i s t o brea k i t  u p 
int o separat e element s -  bimanua l  coordination ,  somatotopi c 
tas k specification ,  an d avoidanc e o f  self-collisions .  W e ca n 
the n buil d a  syste m o r  system s tha t  handl e eac h part .  Thes e 
interactin g system s provid e a  framewor k i n whic h t o addres s 
high-leve l  question s o f  coordinatio n an d planning . 

Bootstrapping a Connectionist Model 

We woul d lik e t o hav e a  "brain-like "  solutio n t o thi s 
problem ,  on e tha t  migh t  tel l  u s somethin g usefu l  abou t  th e 
brai n mechanism s servin g bimanua l  coordination .  On e wa y 
t o d o thi s i s t o trai n on e o r  mor e neura l  network s solv e th e 
problem .  Durin g training ,  a  neura l  network' s interna l 
structur e i s  altere d s o tha t  i t  replicate s a n input/outpu t 
mappin g whic h capture s th e essentia l  characte r  o f  a  solutio n 
t o th e problem .  I n th e process ,  i t  develop s interna l 
representation s appropriat e t o th e proble m i t  i s  tryin g t o 
solve .  Bu t  wher e d o w e ge t  th e input/outpu t  dat a t o trai n a 
network ? Th e approac h w e us e i s t o firs t  buil d a 
"traditional "  artificia l  intelligenc e solution .  Th e proble m i s 
viewe d a s on e o f  plannin g wit h goal s whic h ar e repeatedl y 
decompose d int o easil y executabl e subgoals .  Th e A I  mode l 
of  movemen t  plannin g the n execute s th e tas k an d i n s o 
doin g ca n provid e input/outpu t  dat a t o trai n a  network . 
Whil e th e networ k i s constraine d t o emulat e th e input/outpu t 
behavio r  o f  th e A I  model ,  it s  interna l  representation(s )  o f  th e 
proble m nee d no t  b e th e same . 

Predictions of the Model 

Afte r  training ,  th e network' s solutio n t o th e proble m -  it s 
interna l  structur e — i s als o a  predictio n o f  ho w th e proble m 
may b e solve d b y th e brai n (Zipser ,  1992) .  Thi s predictio n 
ca n b e teste d agains t  neurobiologica l  observations .  Thi s 
verificatio n proces s involve s creatin g a  mappin g betwee n 
unit s an d relation s i n th e mode l  an d anatomica l  o r  functiona l 
substrate s i n th e brain ,  an d usin g tool s t o "probe ,  poke ,  an d 
push "  th e mode l  i n severa l  way s t o compar e it s behavio r  t o 
tha t  o f  th e brai n an d it s  neurons .  Fo r  example ,  th e 
representationa l  behavio r  o f  uni t  activation s i n th e mode l  ca n 
be compare d wit h th e average d spikin g o f  singl e neuron s i n 
th e moto r  cortex .  Th e connectivit y o f  th e traine d networ k 
ca n b e compare d wit h th e patter n o f  anatomica l  projection s 
withi n th e moto r  cortex .  Th e neura l  networ k mode l  provide s 
a framewor k i n whic h t o as k an d answe r  question s abou t  th e 
brai n mechanism s servin g moto r  plannin g an d coordination . 
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