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Explainin g Succes s i n Discover y Learning . 

Analyse s Lead in g T o w a r d s a  Computa t iona l  M o d e l . 

Hedderi k va n Rij n an d Maarte n va n Somere n (rijn,maarten@swi.psy.uva.nl ) 
Departmen t  o f  Socia l  Scienc e Informatics ;  Universit y o f  Amsterdam ; 

Roetersstraa t  15 ;  101 8 W B Amsterdam ;  Th e Netherland s 

Abstrac t 

This paper describes the results both of a rational analysis 
of  discover y learnin g an d o f  a n analysi s o f  thin k alou d data . 
Thes e dat a wer e gathere d whil e subject s lea m th e effect s o f 
differen t  nomina l  factor s i n a  simulate d domain .  Th e reporte d 
analyse s ar e conducte d t o guid e th e modelin g o f  discover y 
learnin g i n Act-R . 

In t roduc t io n 

Th e projec t  reporte d her e i s  abou t  th e constructio n o f  a n 
Act- R mode l  (Anderso n &  Lebiere ,  1998 )  o f  discover y learn -
ing .  Learner s i n ou r  tas k (se e Wilhel m e t  al. )  ha d t o dis -
cove r  wha t  factor s determin e whethe r  a  bo y (Peter )  come s 
lat e a t  school .  Learner s construc t  instance s o f  five  give n fac -
tor s wit h 2x2x3x2x 2 level s (e.g. ,  th e typ e o f  bik e used) .  Afte r 
constructin g a n instance ,  th e outcom e (i n numbe r  o f  minute s 
to o late )  fo r  tha t  combinatio n i s given .  Belo w w e describ e th e 
analyse s whic h serv e a s basi s fo r  th e modeling . 

Rational Discovery Learning 

Th e mos t  economica l  approac h t o discover y learnin g i n a  do -
mai n a s sketche d above ,  i s t o appl y a  "Var y O n e Thin g A t  a 
T im e strategy "  (VOTAT ,  Schauble ,  1996) .  A  learne r  system -
aticall y usin g V O T A T i n th e Pete r  domai n construct s a  bas e 
instanc e an d si x instance s i n whic h eac h tim e on e facto r  ha s 
anothe r  level .  Give n thes e seve n instances ,  al l  mai n effect s 
ca n b e derive d b y comparin g these . 

But  b y usin g thi s strategy ,  a  learne r  doe s no t  discove r  pos -
sibl e highe r  leve l  effects .  I f  a  learne r  suspect s tha t  th e do -
mai n migh t  contai n thes e effects ,  ther e ar e a  thre e differen t 
approache s t o tes t  fo r  highe r  leve l  effects .  (I )  I f  somethin g 
i s know n abou t  th e possibl e outcomes ,  th e learne r  ca n chec k 
whethe r  th e foun d outcome s fit  th e possibl e outcomes .  (2 ) 
I f  (domai n related )  prior-knowledg e doe s no t  alig n wit h th e 
foun d effects ,  thi s migh t  b e a n indicatio n o f  highe r  leve l  ef -
fects .  (3 )  A  learne r  migh t  construc t  som e "random "  instance s 
t o tes t  b y tria l  whethe r  th e foun d effect s ar e generalizable . 
Althoug h thi s las t  approac h migh t  no t  see m t o rational ,  i t  i s 
a usefu l  techniqu e becaus e i t  doe s no t  requir e a  lo t  o f  effor t 
fo r  a  relativ e hig h chang e o f  discoverin g highe r  orde r  effects . 
Thes e thre e approache s ar e identifie d i n th e curren t  data . 

Protocol Analysis of Discovery Learning 

Beside s a  rationa l  tas k analysi s o f  discover y learning ,  w e als o 
examine d th e thin k alou d protocol s o f  learner s workin g i n 
th e Peter-task .  A s initia l  framewor k fo r  th e analysi s o f  thin k 
alou d protocols ,  w e use d th e S D D S theor y (Scientifi c  Discov -
er y a s Dua l  Spac e Search ,  Klah r  &  Dunbar ,  1988) .  However , 

althoug h th e S D D S theor y ca n b e use d t o classif y learner s a t 
a highe r  graine d level ,  i t  i s  no t  specifi c  enoug h t o classif y th e 
motive s fo r  individua l  actions . 

For  example ,  a  lo t  o f  subject s tr y t o construc t  a n instanc e 
tha t  make s Pete r  arriv e o n time .  Thi s kin d o f  behavior ,  of -
te n calle d "engineering" ,  i s  locate d i n th e S D D S Experimen t 
Space .  Tha t  is ,  n o concret e hypothesi s i s teste d whe n con -
structin g thes e instances .  Anothe r  strateg y mainl y concerne d 
wit h action s i n th e Experimen t  Spac e i s on e i n whic h a  learne r 
systematicall y varie s on e o r  mor e factors ,  withou t  explic -
itl y  mentionin g a  hypothesis .  Accordin g t o th e S D D S the -
ory ,  bot h strategie s ar e typica l  strategie s o f  "Experimenters" , 
learner s w h o deriv e knowledg e fro m experiments ,  withou t 
usin g hypotheses .  T o b e abl e t o categoriz e learner s a t  a  mor e 
fine-grained  level ,  w e use d th e followin g categories :  (1 )  E m -
piricist .  A  learne r  w h o systematicall y change s on e o r  mor e 
factor s pe r  instance ,  no t  necessaril y  wit h mentionin g a  hy -
pothesis ,  t o induc e th e effec t  o f  th e varie d factors .  (2 )  Theo -
rist.  A  learne r  w h o construct s instance s t o tes t  a  theor y abou t 
th e domain ,  no t  necessaril y  usin g soun d experimentin g tech -
niques .  (3 )  Engineer .  A  learne r  w h o focuse s o n th e outcome s 
of  instance s instea d o f  o n th e underlyin g effect s causin g th e 
particula r  outcomes .  Th e differenc e betwee n thes e strategie s 
i s th e motiv e o f  th e actions ,  instea d o f  focussin g o n th e ac -
tion s themselve s a s i n th e S D D S theory .  Durin g th e discover y 
process ,  learner s ofte n shif t  fro m engineerin g o r  theorizin g 
strategie s t o a  mor e empiricis t  approach . 

Conclusion 

Currently ,  w e ar e expandin g th e implemente d V O T A T strate -
gie s t o incorporat e th e differen t  motive s learner s hav e fo r  con -
structin g thei r  instances .  B y incorporatin g th e motive s an d 
modelin g th e shif t  fro m on e strateg y t o another ,  w e ai m a t 
explainin g w h y som e learner s perfor m bette r  tha n others . 
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