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T h e Adaptiv e Natur e o f  Learnin g f ro m Sta t  Lad y 

Kevi n (iliic k (k<;i,uck@cmu.edu ) 
Marsh a Lovet t  (lovett@cml.edu ) 

Joh n Anderso n (ja@cmu.edij ) 
Departmen t  o f  Psycholog y 

Carnegi e Mello n Universit y 
Pittsburgh ,  P A 1521 3 U S A 

B a c k g r o u n d 

Over  th e las t  doze n year s o r  so ,  th e A C T theor y o f 
cognitio n (Anderson ,  1983 )  an d it s successor s hav e prove n 
t o b e extremel y usefu l  fo r  modelin g studen t  learnin g o n a 
number  o f  intelligen t  tutorin g system s acros s a  variet y o f 
domain s (Anderson ,  Corbett ,  Koedinger ,  &  Pelletier ,  1995). . 
I n ever y pas t  exampl e o f  this ,  however ,  i t  ha s bee n th e cas e 
tha t  th e tutor s wer e designe d wit h th e A C T theor y i n mind . 
Therefore ,  th e utilit y o f  th e A C T theor y fo r  capturin g 
learnin g i n non-ACT-base d tutor s ha s no t  bee n evaluated . 
The motivatio n fo r  thi s projec t  wa s t o explor e wha t  i t  woul d 
buy us ,  i n term s o f  understandin g studen t  knowledg e an d 
skUl  acquisition ,  t o g o t o th e effor t  t o construc t  a n ACT- R 
(Anderson ,  1993 )  mode l  o f  learnin g i n a  tuto r  no t  originall y 
designe d fo r  a  studen t  mode l  a t  th e productio n level .  I n th e 
cours e o f  thi s investigation ,  w e hav e stumble d acros s a n 
interestin g auxiliar y researc h issu e tha t  complement s nicel y 
th e origina l  studen t  modelin g agenda .  I t  ha s t o d o wit h wha t 
els e student s lear n whe n usin g a  computer-base d tutorin g 
system ,  beside s th e curriculu m objectives .  T o foreshadow , 
the y acquir e a  representatio n o f  th e structur e o f  th e 
environmen t  i n whic h the y ar e learning ,  an d us e thi s 
knowledg e adaptivel y t o produc e mor e efficien t  performance . 

The Tutor 

The tuto r  chose n fo r  thi s projec t  wa s th e Sta t  Lad y 
Descriptiv e Statistic s Tuto r  (Shut e &  Gluck ,  1994) .  I t 
consist s o f  five  sections ,  eac h designe d t o teac h a  slightl y 
differen t  conten t  are a (e.g. ,  simpl e frequenc y distributions , 
bar  charts) .  Withi n a  sectio n ther e i s a n initia l  instructio n 
portion ,  wher e ne w declarativ e knowledg e an d procedura l 
skill s  ar e taught ,  followe d b y a  tes t  portion .  Eac h tes t 
portio n consist s o f  five  scenarios ,  an d subject s selec t  a 
scenari o o f  thei r  choic e (e.g. ,  restaurants ,  football) .  Ever y 
scenari o i n a  sectio n i s isomorphi c wit h th e others ,  i n tha t 
question s testin g particula r  curriculu m objective s alway s 
appear  i n th e sam e order . 

Participants 

The first  ste p wa s t o ge t  a  sens e fo r  th e natur e an d time -
cours e o f  learnin g o n th e tutor .  I n orde r  t o hav e detaile d dat a 
of  studen t  processe s whil e usin g th e syste m an d acquirin g 
th e domai n knowledg e therein ,  w e ra n fou r  verba l  protoco l 
subject s throug h th e tutor .  Thes e subject s wer e require d t o 
do al l  th e scenario s i n ever y section ,  i n orde r  t o produc e a s 

much performanc e dat a a s possible .  T w o o f  thes e subject s 
wer e graduat e student s i n th e department ,  considere d t o b e 
"experts "  i n thi s relativel y simpl e introductor y material .  Th e 
othe r  tw o subjects ,  bot h staf f  person s a t  C M U,  ha d n o 
statistic s o r  compute r  scienc e classe s i n college ,  an d reporte d 
complet e unfamiliarit y wit h th e domain . 

Decomposition of Learning 

I n th e earl y stage s o f  transcriptio n an d coding ,  w e notice d 
a qualitativ e shif t  i n th e approac h t o th e tuto r  a s a  subjec t 
moved throug h th e scenario s i n a  section .  Thi s le d t o th e 
hypothesi s tha t  subject s wer e acquirin g a  representatio n o f 
th e structur e o f  a  scenari o tha t  allow s the m t o adap t  t o it , 
suc h tha t  the y lear n t o ignor e certai n portion s o f  th e 
interface .  Example s o f  suc h a  componen t  tha t  woul d com e 
t o b e ignore d wit h practic e ar e th e instruction s tha t 
accompan y eac h activit y i n th e scenarios .  Withi n eac h 
scenari o ar e instruction s fo r  wha t  t o d o nex t  an d ho w t o g o 
about  doin g it ,  an d thes e instruction s ar e identica l  fro m on e 
scenari o t o th e next .  Th e A C T - R theor y predict s tha t 
student s develo p a  declarativ e memor y representatio n fo r  th e 
informatio n i n th e instructions ,  an d tha t  thi s representatio n 
i s strengthene d wit h exposure s acros s scenarios .  Fro m the n 
on,  subject s ca n retriev e thi s representatio n t o determin e 
what  ste p i s require d next .  A  retrieva l  lik e thi s i s certainl y 
faste r  tha n re-readin g th e text ,  an d s o woul d b e a n adaptiv e 
behavio r  (provide d tha t  th e goa l  i s t o mov e throug h th e tuto r 
as quickl y a s possible) .  Th e sub-symboli c mechanism s tha t 
driv e learnin g an d adaptatio n i n ACT- R suppor t  precisel y 
thi s sor t  o f  shif t  i n behavior .  W e wil l  us e thi s sessio n t o 
presen t  evidenc e fro m ou r  protoco l  analysi s tha t  thi s sor t  o f 
adaptatio n i s takin g place ,  an d t o discus s th e implication s o f 
thi s  fo r  model s o f  cognitio n an d studen t  learning . 
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