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Abstrac t 

This paper describes the theoretical background of an Act-R 
model  o f  discover y learnin g i n a  simulated ,  conceptua l  do -
main :  optics .  I t  i s assume d tha t  learnin g i n a  simulatio n con -
tex t  consist s o f  bot h implici t  an d explici t  learning .  Th e Act- R 
model  unde r  developmen t  trie s t o captur e bot h learnin g types . 

L e a r n i n g i n C o n c e p t u a l  D o m a i n s 

Curren t  researc h o n knowledg e developmen t  i n comple x do -
main s ofte n concentrate s o n th e acquisitio n o f  knowledg e i n 
procedura l  domain s (e.g. ,  learnin g h o w t o solv e a  "Tower s o f 
Hanoi "  problem) .  Th e developmen t  o f  knowledg e i n thes e 
domain s ca n b e describe d i n term s o f  gradua l  change s o f  th e 
procedure s suite d fo r  th e tas k a t  hand .  I n conceptua l  domain s 
th e acquisitio n o f  knowledg e ca n bette r  b e explaine d i n term s 
of  qualitativ e restructurin g o f  knowledge .  Durin g learning , 
th e initiall y  smal l  an d unstructure d knowledg e become s mor e 
structure d an d i s expande d wit h newl y inferre d o r  discovere d 
knowledge . 

Thi s proces s ca n b e describe d usin g Klah r  an d Dunbar' s 
(1988 )  Scientifi c  Discover y a s Dua l  Searc h ( S D D S )  theory . 
Accordin g t o thi s theor y \h e learne r  discover s ne w knowl -
edg e b y alternatin g betwee n a  hypothesi s spac e an d a n exper -
imen t  space .  B y searchin g th e hypothesi s space ,  th e learne r  i s 
abl e t o identif y hypothese s abou t  th e domai n unde r  study .  B y 
experimentin g i n th e domai n thes e hypothese s ca n b e tested . 
Base d o n thi s searchin g an d experimenting ,  existin g hypothe -
ses ca n b e teste d an d ne w knowledg e ca n b e derive d fi-o m th e 
existin g knowledg e o r  fro m th e experiment s carrie d out . 

Van Joolinge n an d d e Jon g (1997 )  extende d th e S D D S the -
or y b y specifyin g i n greate r  detai l  th e structur e o f  th e hypoth -
esi s space .  I n thei r  theory ,  th e hypothese s i n thi s spac e ar e 
hierarchicall y ordered . 

Experimental Studies 

I n project s paralle l  t o th e on e describe d here ,  studie s ar e car -
rie d ou t  i n whic h subject s hav e t o discove r  th e rule s under -
lyin g a  rea l  worl d domain :  a n optic s simulation .  Bot h thin k 
alou d an d actio n log s ar e recorded .  T o measur e th e acquisi -
tio n o f  knowledg e th e subject s complete d tw o pre-test s an d 
tw o post-tests .  Th e firs t  pre -  an d post-tes t  wer e constructe d 
t o measur e definitiona l  knowledg e wherea s th e secon d pre -
and post-tes t  wer e constructe d t o measur e intuitiv e "What -
If "  knowledg e a s describe d i n Swaa k an d d e Jon g (1996) . 
Thes e tw o typ e o f  test s wer e chose n t o b e abl e t o distinguis h 
betwee n implici t  an d explici t  learnin g effects .  Firs t  analyse s 
sho w tha t  subjects '  performanc e increase s o n bot h tests . 

I n th e experiment s o f  Klah r  &  Dunba r  (1988) ,  ther e 
ar e clea r  difference s betwee n subject s i n discover y learnin g 
tasks .  A  subjec t  ca n eithe r  rel y heavil y o n th e hypothesi s 
spac e o r  o n th e experimen t  space .  Althoug h Klah r  an d Dun -
bar  labelle d thes e subject s "Theorists "  an d "Experimenters" , 
a bette r  distinctio n betwee n thes e subject s migh t  b e explici t 
and implici t  learners .  Th e explici t  learner s ar e usin g thei r 
meta-cognitiv e knowledg e an d th e hierarchica l  informatio n i n 
th e hypothesi s spac e t o deliberatel y choos e a  bette r  hypoth -
esis .  Wherea s th e implici t  learner s onl y us e th e hypothesi s 
spac e t o identif y possibl e variable s t o experimen t  with . 

Modeling Implicit and Explicit Learning 

To tes t  thes e ideas ,  a  mode l  i s bein g develope d i n Act- R 4. 0 
(Anderso n &  Lebiere ,  i n press) .  Explici t  learnin g i s modelle d 
as rule s whic h explicitl y  searc h th e extende d S D D S hypothe -
si s spac e fo r  a  bette r  hypothesis ,  usin g th e knowledg e alread y 
gaine d fro m th e experimen t  space .  Usin g thi s knowledge ,  th e 
model  ca n decid e h o w t o manoeuvr e i n th e hierarchica l  struc -
ture d hypothese s a s propose d b y va n Joolinge n an d d e Jon g 
(1997) .  Fo r  implici t  learnin g o n th e othe r  hand ,  rule s ar e use d 
whic h "just "  selec t  a  ne w hypothesis ,  withou t  explicitl y  test -
in g o r  searchin g fo r  a  bette r  fi t  betwee n th e hypothesi s an d 
th e externa l  world . 

I f  thi s mode l  i s abl e t o captur e th e behaviou r  o f  th e subject s 
i n th e optic s simulation ,  thi s woul d confir m th e validit y o f 
th e S D D S theorie s an d provid e a  clearl y specifie d distinctio n 
betwee n implici t  an d explici t  learning . 
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