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fo r  High-Leve l  Perceptio n an d Analogy-Makin g 
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Cente r  fo r  Researc h o n Concept s &  Cognitio n 

Departmen t  o f  Compute r  Scienc e 
Indian a Universit y 

51 0 Nort h Fes s Stree t 
Bloomington ,  I N 4740 8 

{ j  i m , d u g h o f } © c o g s c i . I n d i a n a . e d u 

Thi s repor t  summarize s recen t  continuin g wor k o n th e 
Copyca t  project ,  a  stochasti c compute r  mode l  o f  flui d 
concepts ,  high-leve l  perception ,  an d analogy-makin g 
develope d b y Hofstadte r  an d Mitchel l  (Mitchell ,  1993) . 
Copyca t  perceive s analogie s betwee n shor t  string s o f  letters , 
whic h ca n b e though t  o f  a s representin g abstrac t  situation s 
i n a n idealize d microworld .  A n exampl e o f  a n analog y 
proble m take n fro m thi s microworl d migh t  b e "I f  ab c 
change s t o abd ,  h o w doe s srq p chang e i n a n analogou s 
way? "  A n interestin g featur e o f  suc h problem s i s tha t  ther e 
i s n o singl e "right "  answer ;  rather ,  a  rang e o f  answer s i s 
alway s possibl e fo r  eac h problem .  Fo r  th e previou s 
example ,  som e possibl e answer s migh t  b e srqo ,  trqp ,  srqd , 
drqp ,  o r  eve n abd .  O f  course ,  som e answer s ar e 
consistentl y judge d b y peopl e t o b e bette r  tha n others ,  fo r 
most  analog y problems .  Furthermore ,  fo r  som e problems , 
th e answer s judge d t o b e th e "best "  ar e no t  a t  al l  th e mos t 
"obvious "  ones . 

Copycat' s nondeterministic ,  stochasti c processin g 
mechanism s allo w i t  t o fm d a  numbe r  o f  differen t  answer s 
t o a  give n analog y problem ,  an d i n it s curren t  stag e o f 
development ,  th e progra m i s quit e goo d a t  reproducin g th e 
rang e an d frequencie s o f  answer s give n b y peopl e t o certai n 
problems ,  wher e a n answer' s frequency  correspond s t o it s 
"obviousness" .  Th e mode l  als o incorporate s a  simpl e 
numerica l  measur e o f  answe r  qualit y whic h agree s wel l 
wit h th e relativ e judgment s o f  answe r  qualit y give n b y 
peopl e fo r  certai n problems . 

Unfortunately ,  suc h a  stark ,  numerica l  measur e i s 
extremel y crude ,  an d reflect s a  fundamenta l  weaknes s o f  th e 
curren t  model :  it s  almos t  complet e lac k o f  an y in-dept h 
understandin g o f  th e answer s i t  finds.  Copyca t  i s unabl e t o 
explai n wh y i t  consider s particula r  answer s t o b e goo d o r 
bad.  Th e reaso n i s tha t  Copycat' s processin g mechanism s 
focu s almos t  exclusivel y o n perceivin g pattern s an d 
relationship s i n th e perceptua l  dat a (th e lette r  strings) ,  whil e 
ignorin g pattern s tha t  occu r  i n it s o w n processin g whe n 
solvin g a n analog y problem .  Thus ,  althoug h i t  ma y 
discove r  a n insightfu l  answe r  fo r  som e problem ,  i t  lack s an y 
interna l  representatio n o r  knowledg e o f  th e underlyin g 
proces s tha t  le d i t  t o discove r  tha t  answer—knowledg e tha t 
coul d provid e a  basi s fo r  explainin g th e answer' s relativ e 
strength s o r  weaknesses ,  thereb y permittin g a  muc h riche r 
assessmen t  o f  it s quality .  Copycat' s lac k o f  an y suc h "self -
watching "  abilit y  stand s i n marke d contras t  t o people ,  w h o 
ar e typicall y abl e t o giv e a n accoun t  o f  w h y the y conside r 
one answe r  t o b e bette r  o r  wors e tha n anothe r  fo r  a 
particula r  analog y problem .  A n interestin g relate d 
phenomenon ,  dubbe d th e self-explanatio n effect ,  ha s bee n 

studie d recentl y i n th e contex t  o f  student s learnin g t o solv e 
physic s problem s from  worked-ou t  example s (Ch i  e t  al. , 
1989) . 

Curren t  wor k o n Copyca t  i s  focuse d o n developin g 
mechanism s t o allo w th e progra m t o perceiv e an d remembe r 
importan t  processin g event s tha t  occu r  a s i t  work s o n a n 
analog y problem—suc h a s th e recognitio n o f  ke y concept s 
or  similaritie s tha t  aris e whe n th e proble m i s viewe d i n a 
particula r  w a y — a n d t o creat e explici t  representation s o f 
thes e events .  Thes e representations ,  calle d themes ,  provid e 
an explici t  tempora l  trac e o f  th e program' s "trai n o f 
thought "  a s i t  searche s fo r  a n answer ,  an d ca n the n b e store d 
i n memor y alon g wit h a n answe r  whe n on e i s found .  I n 
some ways ,  thi s approac h i s simila r  i n flavo r  t o wor k o n 
derivationa l  analog y (Carbonell ,  1986) .  However ,  th e focu s 
her e i s no t  o n improvin g syste m performanc e b y learnin g t o 
make bette r  analogies ,  bu t  rathe r  o n bein g abl e t o explai n 
why on e analog y i s judge d t o b e mor e compellin g tha n 
another . 

Enrichin g th e model' s understandin g o f  it s  answer s b y 
incorporatin g higher-orde r  themati c informatio n gleane d 
fro m self-watchin g shoul d enabl e Copyca t  t o perceiv e 
abstrac t  similaritie s an d difference s amon g th e analogie s i t 
makes.  I t  shoul d b e abl e t o appl y th e sam e processin g 
mechanism s tha t  i t  n o w use s t o perceiv e relationship s i n it s 
perceptua l  inpu t  t o th e mor e abstrac t  "meta-level "  tas k o f 
perceivin g relationship s amon g it s  answer s store d i n 
memory,  comparin g an d contrastin g the m i n a  wa y no t 
currentl y possible .  I n short ,  i t  shoul d eventuall y b e abl e t o 
make analogie s betwee n analogies .  Endowin g Copyca t  wit h 
a sophisticate d self-watchin g capabilit y  form s th e centra l 
them e o f  presen t  effort s t o exten d an d refin e th e model ,  an d 
i s a  logica l  nex t  ste p alon g th e roa d t o understandin g an d 
capturin g th e ful l  richnes s o f  high-leve l  perceptio n an d 
analogy-makin g i n a  compu-tationa l  framework . 
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