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Highl y skille d movemen t  i s impressiv e t o behol d bu t  a 
challeng e t o exhibit .  M E A N D ER model s th e acquisitio n o f 
moto r  skill s  throug h unsupervise d observatio n an d th e im -
pmvement  o f  acquire d skill s  throug h sel f  guide d practice . 
Thi s abstrac t  highlight s th e novelt y o f  th e mode l  an d th e task s 
i t  addresses .  W e als o touc h upo n th e model' s behavio r  wit h 
respec t  t o on e particula r  phenomeno n o f  huma n skill s -  th e 
speed-accurac y tradeoff . 

The Tasks We make several key claims: interesting skills 
ar e comple x movement s involvin g a  sequenc e o f  controls ,  a 
skil l  i s initiall y  acquire d throug h observatio n an d recognition , 
and acquire d skill s  ar e the n improve d throug h practice . 

M u ch o f  th e wor k i n modelin g huma n moto r  behavio r  ha s 
focuse d o n simple ,  ballistic ,  short-duratio n movement s wher e 
th e terminatio n i s eithe r  spatiall y  o r  temporall y constraine d 
but  wher e th e movemen t  itsel f  i s  unconstraine d (o r  irrele -
vant) .  I n contrast ,  M ^ E A N D ER addresse s th e trajector y fol -
lowin g task .  Movement s o f  thi s typ e includ e tai-ch i  exercise s 
and figure  skatin g compulsories .  Thin k "wher e yo u en d up " 
vs .  "ho w yo u ge t  there. "  Despit e th e nee d t o understan d th e 
primitiv e buildin g block s o f  huma n moto r  behavio r  (th e pre -
dominan t  concer n o f  huma n skil l  work) ,  ou r  researc h assume s 
thes e primitive s ar e availabl e a t  som e lower-leve l  an d focuse s 
on th e representation ,  acquisition ,  an d improvemen t  o f  com -
ple x movement s havin g extende d duration . 

Trajector y followin g m a y b e though t  o f  a s a n extende d se -
quenc e o f  simpl e tim e an d distanc e matchin g movements . 
However ,  traditiona l  approache s an d representation s fo r  sim -
pl e movement s woul d hav e considerabl e difficult y wit h thes e 
task s an d th e necessar y representation s woul d b e unwieldy . 
Also ,  skill s  mus t  b e representationall y invarian t  wit h respec t 
t o executio n spee d (amon g othe r  invariants) .  M E A N D ER pro -
vide s a  spars e ye t  powerfu l  representatio n scheme ,  whic h 
i n conjunctio n wit h integrate d recognition ,  generation ,  an d 
learnin g mechanisms ,  addresse s comple x movement s an d ac -
counts  fo r  numerou s psychologica l  phenomen a pertainin g t o 
movement  suc h a s th e speed-accurac y tradeoff ,  transfe r  o f 
skil l  betwee n Umbs ,  power-la w o f  learning ,  confusio n error s 
wit h highl y simila r  motions ,  etc . 

The Model - M^CANDER We summarize the model as a 
representation ,  m e m o r y managemen t  scheme ,  an d a n execu -
tio n repai r  an d improvemen t  module .  M^cander ' s repre -

sentatio n sparsel y store s movement s a s moto r  schema s usin g 
motio n boundarie s define d a s discontinuitie s i n spee d an d ac -
celeration .  Thi s representatio n use s bot h viewer-centere d an d 

joint-centere d referenc e frames .  A n unsupervise d learnin g 
mechanis m (derivativ e o f  C o b w e b )  store s moto r  schema s i n 
memory an d allow s recognitio n o f  observe d movements ,  pre -
dictio n o f  unsee n o r  futur e movement ,  an d retrieva l  o f  joint -
centere d moto r  schema s fo r  movemen t  generation .  A  repai r 
modul e take s feedbac k correction s (wit h respec t  t o th e previ -
ousl y acquire d concep t  tha t  i s bein g executed )  an d generate s 
revise d candidat e schemas ,  th e bes t  o f  whic h i s store d i n skil l 
memory. 

Evaluation In previous studies with M^eander, we pre-
dicte d tha t  th e severit y o f  th e speed-accurac y tradeof f  i n hu -
m an skil l  behavio r  shoul d b e attenuate d b y practic e o r  in -
creasin g level s o f  expertise .  I n on e experiment ,  w e varie d th e 
spee d a t  whic h a  movemen t  wa s execute d togethe r  wit h th e 
number  o f  trainin g trial s fro m whic h M / C A N D ER ha d ha d th e 
opportunit y t o learn .  W e measure d absolut e erro r  average d 
ove r  trajectorie s an d multipl e movemen t  types .  Th e result s 
confirme d ou r  expectations ;  fo r  th e line s connectin g differ -
ent  speed s a t  a  singl e leve l  o f  learning ,  th e slope s steadil y 
decrease d a s trainin g increased .  Subsequently ,  w e foun d ev -
idenc e i n th e literatur e supportin g ou r  predictio n (Sugden , 
1980) .  Sugde n showe d tha t  movemen t  speed s increase d wit h 
age group s (fo r  a  constan t  error) .  Tha t  is ,  subject s ca n reduc e 
erro r  a t  a  give n spee d throug h experience . 

Our  curren t  an d futur e wor k wil l  exten d an d tes t  M e a n -
de r  b y increasin g th e numbe r  o f  movemen t  skill s  b y a n orde r 
of  magnitud e an d comparin g mode l  behavio r  t o othe r  psy -
chologica l  results .  I n th e nea r  future ,  w e expec t  t o modif y 
M ; £ A N D ER toward s a  mor e realisti c an d accurat e mode l  o f 
human behavior .  Fo r  now ,  M- t  A N D ER represent s perhap s th e 
onl y mode l  o f  huma n learnin g fo r  comple x movemen t  skills . 
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