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A Predictiv e Perspectiv e o n tii e C e r e b e U u m 
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{ o l i v i e r , t e r r y } a s a l k . e d u 

The cerebellum' s rol e i n moto r  an d cognitiv e function s 
remain s highl y controversial .  Th e cerebellu m i s involve d 
i n moto r  timing ,  moto r  coordination ,  moto r  learnin g an d 

sensorimoto r  integration .  Fo r  example ,  cerebella r  contri -
bution s hav e bee n inferre d i n situation s a s divers e a s tim -
in g o f  th e conditione d eyeli d respons e (Perret t  an d Ruiz , 
1993) ,  shiftin g o f  attentio n (Akshoomof f  an d Courch -
esne ,  1992) ,  adaptatio n o f  th e vestibulo-ocula r  refle x 
(Lisberge r  e t  al. ,  1994 )  an d coordinatio n o f  ey e an d han d 
moto r  system s (va n Donkelaa r  an d Lee ,  1994) .  S o m e o f 
thes e studie s als o sugges t  tha t  th e cerebellu m m a y b e in -
volve d i n som e cognitiv e aspect s o f  informatio n process -
ing .  Severa l  theorie s o f  cerebella r  functio n hav e bee n 
proposed .  Th e moto r  learnin g theorie s o f  Mar r  ( 1 % 9 ) , 
and Albu s (1971 )  ar e ofte n cited ;  man y other s hav e bee n 
propose d (Bloedel ,  1992 ;  Chapeau,1991 ;  Darlot ,  1993 ; 
Fujita ,  1982 ;  Ito ,  1984 ;  Keeler ,  1990 ;  Kawato .  1992 ; 
Leiner ,  1989 ;  Llinas .  1993 ;  Mial l  e t  al. .  1993 ;  PauUn , 
1989 ;  Thach ,  1992) ,  ye t  fe w o f  thes e theorie s hav e at -
tempte d t o giv e a  consisten t  vie w o f  th e rol e o f  th e cere -
bellu m i n th e divers e task s i n whic h th e cerebellu m i s in -
volved . 

We hav e develope d a  ne w approac h base d o n a  predic -
tiv e functio n fo r  th e cerebellu m tha t  provide s a  consis -
ten t  explanatio n fo r  th e observe d phenomena .  W e pro -
pos e tha t  th e predictio n o f  sensorimoto r  neura l  signal s 
can b e use d t o establis h appropriat e timin g informatio n 
and ca n pla y a n importan t  rol e t o construc t  moto r  contro l 
strategies .  I n th e presentatio n ou r  approach ,  w e 1 )  sug -
gest  a  representatio n an d a  rol e fo r  th e climbin g fibers  o f 
th e inferio r  oliv e i n th e proces s o f  adaptatio n i n th e cere -
bellu m an d th e dee p cerebella r  nuclei .  2 )  determin e th e 
representation s encode d i n th e paralle l  fibers  o f  th e cere -
bellum ,  3 )  propos e synapti c learnin g mechanism s base d 
on th e interactio n betwee n Purkinj e cells ,  cerebella r  par -
alle l  fibers  an d climbin g fibers  o f  th e inferio r  olive ,  a s 
wel l  a s betwee n Purkinj e cells ,  climbin g fibers  an d dee p 
cerebella r  nucle i  neurons ,  an d 4 )  specif y th e functio n o f 
th e parasagitta l  microstructur e o f  Purkinj e cell s whic h re -
ceive s correlate d an d simultaneou s climbin g fiber  inputs . 

The theor y provide s detaile d explanation s fo r  a  wid e 

rang e o f  behaviors .  I n particular ,  w e presen t  tw o appli -
cation s o f  thi s theor y t o th e eyeli d blin k conditionin g an d 
th e modulatio n o f  th e vestibulo-ocula r  reflex . 
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