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The relationshi p betwee n spatia l  feature s an d decisio n 
makin g i s readil y eviden t  i n gam e playing .  Often ,  th e rule s 
of  a  gam e provid e a  structur e fo r  thinkin g abou t  th e spatia l 
relationship s o f  th e piece s o n th e board .  Fo r  example ,  th e 
rule s fo r  movin g piece s ar e relate d t o spatia l  feature s suc h a s 
distanc e an d contiguity .  I f  w e wan t  t o creat e a  compute r 
progra m tha t  ca n lear n th e salien t  spatia l  feature s o f  a  gam e 
playin g task ,  w e nee d t o creat e a  efficien t  concep t  formatio n 
language .  Thi s wor k examine s th e relationshi p betwee n 
perceptua l  feature s an d functiona l  feature s i n th e creatio n o f  a 
spatia l  concep t  formatio n language . 

Studie s o f  huma n problem-solvin g sugges t  tha t  perceptio n 
receive s bot h stimulu s inpu t  fro m th e sensor y syste m an d 
inpu t  fro m interna l  intention s an d expectation s (Roger s 
1995) .  Roger s (1995 )  ha s suggeste d a  cycli c syste m o f 
interactio n betwee n th e perceptua l  an d problem-solvin g 
processes .  Prio r  knowledg e an d functionall y relevan t  feature s 
ar e know n t o influenc e concep t  formatio n (Wisniewsk i 
1995) .  Olso n an d Bialysto k (1983 )  defin e a  spatia l  concep t 
as consistin g o f  tw o parts :  a  structura l  description , 
consistin g o f  feature s an d thei r  relations ,  an d meaning , 
representin g th e intentions ,  purposes ,  an d goal s o f  th e 
perceiver .  Th e meaning s ar e represente d independentl y  o f  th e 
structura l  description ,  bu t  ar e th e criteri a i n term s o f  whic h 
feature s ar e selected ,  detected ,  an d adde d t o th e structura l 
description . 

I n a  learnin g program ,  a  natura l  representatio n fo r  a 
concep t  shoul d reflec t  th e reaso n fo r  concep t  membershi p 
(Flan n &  Dietteric h 1986) .  I n gam e playing ,  althoug h 
concept s ar e ofte n naturall y functional ,  recognitio n an d 
performanc e task s favo r  a  structura l  representation .  Wy l 
addresse s thi s wit h a  multipl e representatio n strateg y fo r 
ches s an d checker s (Ran n &  Dietteric h 1986) .  Ou r  approac h 
differ s fro m their s becaus e rathe r  tha n convertin g betwee n 
structura l  an d functiona l  descriptions ,  w e integrat e th e tw o 
i n formin g a  languag e t o describ e concept s wher e notion s o f 
spac e an d functio n ar e closel y linked . 

We bega n wit h th e genera l  functiona l  gam e playin g 
concep t  o f  opportunity ,  i.e. ,  acces s t o a s man y state s a s 
possibl e tha t  coul d lea d t o a  win .  Opportunity ,  a s such ,  i s 
not  a  spatia l  concept .  Throug h a  particula r  subgoa l  i n a 
give n game ,  thi s functiona l  concep t  ca n generat e spatia l 
concepts .  W e focuse d o n th e defensiv e componen t  o f 
opportunit y t o mak e a  mil l  i n th e gam e o f  fiv e men' s 
morris ,  wher e a  mil l  i s  th e explici t  subgoa l  o f  obtainin g 
thre e piece s i n a  row .  Clusterin g board s fro m actua l  games , 
we develope d tw o functiona l  subclusters :  thos e tha t 
guarante e th e futur e abilit y  t o construc t  a  mill ,  an d thos e 

tha t  offe r  a  stron g possibilit y  t o d o so .  Eac h subcluste r 
constitute s a  spatia l  concep t  generalize d i n term s o f  simpl e 
features :  line ,  occupy ,  an d own ,  base d upo n th e vertice s o f 
th e board .  Board s wit h guarantee d mill s  posses s a  lin e wit h 
al l  thre e vertice s owne d b y th e playe r  wh o ca n mak e th e 
mill .  Board s wit h a  stron g possibilit y  o f  a  mil l  hav e a  lin e 
i n whic h on e playe r  own s tw o vertice s whil e th e opponen t 
owns none . 

We use d thi s approac h t o construc t  a  ne w spatia l 
decision-makin g modul e i n Hoyle ,  a  hierarchica l  mixtur e o f 
expert s game-playin g progra m (Epstei n e t  al .  1996) .  Th e 
modul e support s move s tha t  resul t  i n state s tha t  ar e 
members o f  th e mil l  formatio n concept s describe d above . 
We teste d thi s augmente d versio n o f  Hoyl e agains t  a n exper t 
progra m i n th e gam e o f  5  men' s morris .  Hoyl e playe d 20 0 
trainin g contest s agains t  th e expert ,  followe d b y 1 0 testin g 
contests ,  i n eac h o f  5  runs .  Th e ne w modul e wa s foun d t o 
vot e i n a  manne r  tha t  wa s consisten t  wit h exper t  play . 
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