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A M o d e l  o f  K n o w l e d g e - B a s e d Skil l  A c q u i s i t i o n 

Stella n Ohlsso n a n d Ernes t  Ree s 

Learnin g Researc h an d Developmen t  Cente r 
Universit y o f  Pittsburg h 

Pittsburgh ,  P A 15260 ,  U .  S .  A . 
stellan@vms.cis.pitt.ed u 

A b s t r a c t 

We hypothesize that two important 
function s o f  declarativ e knowledg e i n 
learnin g i s t o enabl e th e learne r  t o 
detec t  an d t o correc t  errors .  W e de -
scrib e psychologicall y plausibl e mech -
anism s fo r  bot h functions .  Th e mech -
anism s ar e implemente d i n a  computa -
tiona l  mode l  whic h learn s cognitiv e 
skill s  i n thre e differen t  domains ,  illus -
tratin g th e cognitiv e functio n o f  ab -
strac t  principles ,  concret e facts ,  an d 

tutorin g message s i n skil l  acquisition. ^ 

Practic e a n d K n o w l e d g e 

Practice consists of repeated attempts 
t o solv e problem s whic h stretc h th e 
learner' s competence .  Th e parado x o f 
practic e i s tha t  th e learne r  i s deliber -
atel y settin g ou t  t o solv e a  proble m 
whic h h e o r  sh e know s i s beyon d hi s 
or  he r  curren t  competence .  I t  i s  fa r 
fro m obviou s ho w thi s produce s 
learning ;  an d yet ,  ther e i s n o evidenc e 
tha t  skill s  ca n b e acquire d withou t 
practice . 

P̂reparatio n o f  thi s pape r  wa s supporte d b y 
gran t  No .  N00014-89-J-168 1 fro m th e 
Cognitiv e Scienc e Progra m o f  th e Offic e o f 
Naval  Research .  Th e opinion s expresse d ar e 
not  necessaril y  thos e o f  th e fundin g agen t 
and n o endorsemen t  shoul d b e inferred . 

Beginnin g wit h th e semina l  paper s 
by Joh n R .  Anderso n an d co-worker s 
(e .  g. ,  Anderso n &  Kline ,  1979 )  an d b y 
Anzai  an d Simo n (1979) ,  a  computa -
tiona l  interpretatio n o f  learnin g fro m 
practic e ha s bee n develope d ove r  th e 
past  fiftee n years .  I t  ca n b e summa-
rize d i n thre e hypotheses : 

(a )  Th e Wea k Metho d Hypothesis . 
When th e learne r  i s face d wit h a 
proble m beyon d hi s o r  he r  curren t 
competence ,  h e o r  sh e use s wea k 
proble m solvin g method s suc h a s ana -
logica l  inference ,  forwar d search ,  o r 
means-end s analysi s t o generat e tas k 
relevant ,  bu t  possibl y inefficient ,  ac -
tions . 

(b )  Th e Memor y Storag e Hypothesis . 
Actions ,  eve n inefficien t  actions ,  gen -
erat e informatio n abou t  th e tas k envi -
ronment ,  e .  g. ,  informatio n abou t  th e 
effect s o f  action s an d abou t  th e prop -
ertie s o f  objects .  Thi s informatio n i s 
store d i n memory . 

(c )  Th e Skil l  Inductio n Hypothesis . 
One o r  mor e learnin g mechanism s 
(composition ,  subgoaling ,  etc. )  revis e 
th e curren t  skil l  o n th e basi s o f  th e in -
formatio n i n memory . 

Repeate d cycle s throug h (a) ,  (b )  an d 
(c )  resul t  i n a  domain-specifi c  adapta -
tio n o f  th e wea k metho d whic h ca n 
solv e th e (clas s of )  practic e problem(s ) 
efficiently .  Th e thre e hypothese s ca n 
be articulate d i n differen t  way s t o gen -
erat e a  wid e variet y o f  specifi c  learn -
in g model s (se e Klahr ,  Langley ,  & 
Neches ,  1987) . 
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The empirica l  statu s o f  thi s menta l 
bootstrappin g theor y o f  practic e i s stil l 
an ope n question ,  althoug h it s mos t 
dubiou s assumption—tha t  peopl e stor e 
larg e amount s o f  informatio n i n mem-
or y whil e engage d i n th e capacit y de -
mandin g proces s o f  solvin g problems -
has survive d a t  leas t  on e attemp t  a t 
falsificatio n (Ohlsson .  1991) . 

The majo r  limitatio n o f  th e theor y i s 
tha t  i t  depict s procedura l  knowledg e a s 
a close d system :  Proble m solvin g skill s 
beget  proble m solvin g steps ,  whic h i n 
tur n bege t  ne w proble m solvin g skills . 
Ther e i s n o poin t  alon g thi s loo p a t 
whic h prio r  knowledg e abou t  th e tas k 
environmen t  ca n influenc e th e con -
structio n o f  th e ne w skill .  However , 
humans alway s lear n i n th e contex t  o f 
prio r  domai n knowledge . 

A mor e complet e theor y o f  practic e 
must  describ e ho w skil l  acquisitio n i s 
influence d b y a t  leas t  thre e type s o f 
knowledg e items :  abstrac t  principles , 
concret e facts ,  an d tutorin g messages . 

Abstrac t  principle s ar e common i n 
mathematic s an d science .  Th e princi -
pl e o f  one-on e mappin g i s a  simpl e ex -
ample .  I t  play s a  crucia l  rol e i n learn -
in g ho w t o coun t  a  se t  o f  object s 
(Gelma n &  Gallistel ,  1978) .  Th e law s o f 
conservatio n o f  mas s an d energ y ar e 
example s o f  principle s i n science . 

Concret e fact s ar e importan t  i n bot h 
technica l  domain s an d i n everyda y 
life .  Th e fac t  tha t  alcoho l  molecule s ar e 
characterize d b y a n OH-grou p i s usefu l 
when constructin g structura l  formula s 
i n organi c chemistr y (Solomon ,  1988) . 

Tutorin g message s ar e shor t  verba l 
instructions ,  uttere d durin g practice . 
"Don' t  borro w unles s th e minuen d digi t 
i s  smalle r  tha n th e subtrahen d digit, " 
uttere d i n th e contex t  o f  practic e o n 
subtractio n wit h regrouping ,  i s a n ex -
ample .  One-on-on e tutorin g i s a  ver y 
efficien t  for m o f  instructio n (Bloom , 
1984) . 

The purpos e o f  thi s pape r  i s t o de -
scrib e a  computationa l  mode l  whic h 
embodie s a  unifie d vie w o f  th e func -
tio n o f  abstrac t  principles ,  concret e 
facts ,  an d tutorin g message s i n skil l 
acquisition . 

Learn in g a s Er ro r  Correctio n 

By necessity, a novice makes many er-
ror s whil e executin g a  skill ;  b y defini -
tion ,  master y i s characerize d b y th e 
absenc e o f  errors ;  hence ,  th e gradua l 
increas e o f  competenc e durin g prac -
tic e consist s i n th e successiv e elimina -
tio n o f  errors .  Eac h erro r  provide s a n 
opportunit y t o lear n ho w t o avoi d simi -
la r  error s i n th e future .  T o mak e us e o f 
suc h a  learnin g opportunity ,  th e 
learne r  mus t  b e abl e t o (a )  detec t  tha t 
an erro r  a s occurred ,  an d (b )  comput e 
th e appropriat e revisio n o f  th e curren t 
skill .  W e propos e tha t  th e functio n o f 
domai n knowleg e i n skil l  acquisitio n i s 
precisel y t o enabl e th e learne r  t o de -
tec t  an d t o correc t  errors . 

Learner s ca n detec t  error s i n thre e 
differen t  ways :  b y self-monitoring ,  b y 
observin g th e environmenta l  effects , 
and b y bein g tol d b y other s (Reason , 
1990 ,  Chap .  6) .  W e focu s o n th e firs t  o f 
thes e thre e methods .  Learner s monito r 
themselves ,  w e suggest ,  b y testin g eac h 
ne w cognitiv e resul t  (inferenc e o r 
knowledg e state )  fo r  consistenc y wit h 
prio r  knowledg e abou t  th e domain .  Fo r 
example ,  a  Pittsburg h drive r  wh o i s 
drivin g toward s th e rive r  fro m th e 
airpor t  o n th e bac k road s an d wh o see s 
a sig n sayin g "rout e 6 0 south "  recog -
nize s tha t  h e o r  sh e ha s mad e a n error , 
at  leas t  i f  h e o r  sh e know s tha t  th e 
rive r  i s nort h o f  th e airport .  A  chem -
istr y studen t  wh o get s mor e mas s ou t  o f 
an experimen t  tha n h e o r  sh e pu t  i n 
recognize s tha t  a n erro r  wa s made ,  be -
caus e thi s violate s th e la w o f  conser -
vatio n o f  mass .  I n eac h instance ,  de -
tectin g th e erro r  require s prio r 
knowledg e abou t  th e domain .  Durin g 
deliberat e learnin g w e constantl y 
monito r  th e situation s (proble m states ) 
we creat e fo r  consistenc y wit h wha t  w e 
kno w abou t  th e domai n an d w e recog -
niz e inconsistencie s a s errors .  Th e 
more knowledge ,  th e mor e powerfu l 
th e self-monitorin g ability . 

Learner s ca n correc t  a n error ,  w e 
suggest ,  b y determinin g th e condition s 
tha t  produce d i t  an d the n revisin g th e 
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curren t  skil l  s o a s t o preven t  th e rele -
van t  actio n fro m applyin g unde r  thos e 
conditions .  Fo r  example ,  th e bewildere d 
Pittsburg h drive r  migh t  tr y t o figur e 
out  whic h tur n wa s wron g an d correc t 
hi s o r  he r  drivin g accordingly .  Th e 
identificatio n o f  th e condition s tha t 
produce d th e erro r  wil l  resul t  i n a  re -
strictio n o n th e relevan t  action ,  e .  g. , 
"remembe r  no t  t o tur n righ t  afte r  exit -
in g th e parkwa y a t  Clairton. " 

I n summary ,  accordin g t o ou r  theor y 
th e learne r  monitor s himsel f  o r  her -
sel f  b y testin g th e consistenc y o f  eac h 
ne w conclusio n o r  proble m stat e wit h 
prio r  knowledge .  Inconsistencie s re -
vea l  error s whic h i n tur n trigge r  re -
vision s whic h preven t  thos e error s 
fro m occurrin g i n th e future .  Ove r  th e 
cours e o f  practice ,  th e error s ar e suc -
cessivel y eliminated .  Th e ne w skil l  ha s 
been mastere d whe n n o furthe r  error s 
occur . 

A Simulat io n M o d e l 

A computational model that instan-
tiate s ou r  theor y mus t  hav e (a )  a  per -
formanc e component ,  (b )  a  represen -
tatio n fo r  prio r  knowledge ,  (c )  a  mech -
anis m fo r  detectin g errors ,  an d (d )  a 
mechanis m fo r  correctin g errors .  Ou r 
model  i s calle d th e Heuristi c Searche r 
(HS) . 

Performanc e component .  H S i s a 
vanill a flavore d productio n syste m 
language .  Rule s hav e a  goa l  an d a 
conjunctio n o f  situatio n feature s i n 
thei r  left-han d side s an d a  singl e 
proble m solvin g operato r  i n thei r 
right-han d sides .  Hence ,  eac h ste p i n 
th e proble m spac e i s controlle d b y a 
singl e productio n rule .  Ther e i s n o 
conflic t  resolution .  I f  mor e tha n on e 
rul e fires ,  multipl e ne w knowledg e 
state s ar e created .  Th e syste m execute s 
best-firs t  searc h i f  supplie d wit h a n 
evaluatio n functio n b y whic h t o ran k 
proble m state s an d eithe r  depth-firs t 
or  breadth-firs t  searc h otherwise .  H S i s 
not  a n hypothesi s abou t  th e huma n 
cognitiv e architecture .  Ou r  theoretica l 

committmen t  i s limite d t o th e tw o as -
sumption s tha t  cognitiv e skill s  ar e en -
code d a s set s o f  productio n rule s an d 
tha t  peopl e a t  leas t  sometime s solv e un -
familia r  problem s throug h forwar d 
search .  Bot h hypothese s ar e strongl y 
supporte d b y dat a (Anderson ,  i n press ; 
Newel l  &  Simon ,  1972) . 

Knowledg e representation .  Prio r 
domai n knowledg e i s encode d i n data -
structure s calle d stat e constraints . 
Syntactically ,  a  stat e constrain t  i s  a n 
ordere d pai r  <Cr ,  Cs> ,  wher e C r  an d C s 
ar e patterns ,  i .  e. ,  conjunction s o f 
propertie s simila r  t o th e conditio n 
side s o f  productio n rules .  Th e rele -
vanc e patter n C r  ha s t o matc h th e cur -
ren t  knowledg e stat e fo r  th e constrain t 
t o b e relevan t  an d th e satisfactio n pat -
ter n C s ha s t o matc h fo r  th e constrain t 
t o b e satisfied .  State s i n whic h C r  matc h 
but  C s doe s no t  ar e calle d constrain t 
violations .  Fo r  example ,  a  fac t  lik e 
"Fift h Avenu e i s one-wa y i n th e east -
erl y direction "  woul d b e encode d a s "i f 
vehicl e X  i s movin g alon g Fift h 
Avenue ,  X  ha d bette r  b e goin g east" . 
Vehicle s no t  movin g alon g Fift h 
Avenu e ar e no t  subjec t  t o th e con -
straint ;  a  vehicl e goin g eas t  o n Fift h 
Avenu e conform s wit h th e constraint ; 
a vehicl e goin g wes t  constitute s a  con -
strain t  violation .  Constraint s ar e no t 
inferenc e rule s o r  operators .  The y d o 
not  generat e ne w conclusion s o r  revis e 
knowledg e states .  The y tes t  whethe r 
certai n propertie s ar e tru e o f  th e cur -
ren t  knowledg e state . 

Erro r  detection .  Whe n th e curren t 
rul e se t  generate s a  ne w knowledge -
state ,  th e latte r  i s  matche d agains t  al l 
stat e constraint s wit h th e sam e patter n 
matche r  tha t  matche s th e rul e condi -
tions .  Constraint s i n whic h C r  doe s no t 
matc h ar e ignored ,  a s ar e thos e i n 
whic h bot h C r  an d C s match .  Neithe r 
clas s o f  constraint s warran t  an y actio n 
on th e par t  o f  th e system .  Constraint s 
fo r  whic h C r  doe s matc h bu t  C s doe s no t 
ar e recorde d a s violated .  A  constrain t 
violatio n signal s a n inconsistenc y 
betwee n th e system' s prio r  knowledg e 
about  th e domai n an d th e ne w outcom e 
generate d b y th e curren t  rul e se t  an d 
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i t  i s  interprete d a s a n error .  H S as -

sumes tha t  th e rul e se t  i s  a t  fault . 

Erro r  correction .  H S assign s blam e t o 

th e las t  rul e tha t  fired ,  i .  e. ,  th e rul e 

tha t  produce d th e violatin g knowledg e 

state .  A  fault y rul e i s revise d i n tw o dif -

feren t  ways .  First ,  th e relevanc e pat -

ter n b y itsel f  i s  regresse d throug h th e 

rul e wit h a  versio n o f  th e standar d goa l 

regressio n algorith m (Nilsson ,  1980 ) 

and th e negatio n o f  th e resul t  adde d t o 

th e conditio n sid e o f  th e rule .  Thi s pro -

duce s a  rul e tha t  onl y applie s i n situa -

tion s i n whic h th e constrain t  i s  irrele -

vant .  Second ,  th e entir e constrain t  i s 

regresse d throug h th e rul e an d th e re -

sul t  adde d t o th e rul e conditio n 

(withou t  negatin g it) .  Thi s produce s a 

rul e whic h onl y applie s i n situation s 

i n whic h th e constrain t  i s  ensure d t o 

be satisfied . 

Curin g a  rul e fro m violatin g on e 

constrain t  doe s no t  garante e tha t  th e 

rul e i s correct ;  i t  migh t  stil l  violat e 

othe r  constraints .  Multipl e revision s o f 

a rul e ar e c o m m o n i n H S '  learning . 

Becaus e a  skil l  consist s o f  larg e num -

ber  o f  rules ,  eac h o f  whic h migh t  nee d 

multipl e revisions ,  skil l  acquisitio n i s 

necessaril y  gradual . 

T h r e e A p p l i c a t i o n s 

Three applications of HS have been 

implemente d t o date .  The y ar e summa -

rize d i n Tabl e 1 .  The y illustrat e tha t  th e 

model  ca n lear n fro m eac h o f  th e thre e 

type s o f  knowledg e item s specifie d 

previously :  abstrac t  principles ,  con -

cret e facts ,  an d tutorin g messages . 

Learnin g f ro m abstrac t  principles . 

Developmenta l  dat a indicat e tha t  chil -

dre n construc t  th e skil l  o f  countin g a 

set  o f  object s o n th e basi s o f  (implicit ) 

knowledg e o f  abstrac t  countin g prin -

ciple s (Gelma n &  Gallistel ,  1978) .  Th e 

mai n supportin g phenomen a ar e tha t 

childre n ca n transfe r  thei r  countin g 

routine s t o non-standar d countin g 

task s an d tha t  the y ca n evaluat e 

countin g performance s tha t  the y can -

not  produc e (Gelma n &  Gallistel ,  1978 ; 

Gelma n &  Meek ,  1986) .  Th e countin g 

principle s ar e abstrac t  idea s lik e th e 

one-on e mappin g principle .  Expresse d 

as a  stat e constraint ,  thi s principl e be -
comes "i f  objec t  X  ha s bee n assigne d 

objec t  Y ,  ther e shoul d no t  b e a  thir d 

objec t  Z  assigne d t o eithe r  X  o r  Y" .  Th e 

HS mode l  learn s th e correc t  countin g 

skil l  i f  give n stat e constraint s 

Tabl e 1 .  Thre e application s o f  th e H S model . 

Proble m Typ e o f  knowledg e 

doma i n give n t o th e mode l 

Skil l  acquire d 

by th e mode l 

Countin g Abstrac t  principles , 

e.  g .  th e one-on e mappin g 

principle . 

To coun t  a  se t  o f  object s 
(se e Ohlsso n &  Rees .  1991a) . 

Chemistr y Concret e facts ,  e .  g . 

tha t  alcoho l  molecule s 

hav e OH-groups . 

To deriv e th e Lewi s structur e 

fo r  a  give n molecula r  formul a 

(se e Ohlsson ,  i n press-a) . 

Subtractio n Tutorin g messages , 

e.  g. ,  "don' t  regrou p unles s 

th e subtrahen d i s large r 

tha n th e minuend. " 

Subtractio n wit h regroupin g 

(se e Ohlsson ,  Ernst ,  &  Rees , 

i n press) . 
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correspondin g t o th e countin g prin -
ciple s (Ohlsso n &  Rees .  1991a )  an d i t 
can transfe r  th e learne d skil l  t o othe r 
countin g task s (Ohlsso n &  Rees .  1991b) . 

Learnin g fro m concret e facts .  Th e 
skil l  o f  constructin g a  Lewi s structur e 
on th e basi s o f  th e molecula r  formul a 
i s a  routin e scientifi c  skil l  taugh t  a t 
th e beginin g o f  mos t  organi c chem -
istr y courses .  Textbook s teac h thi s skil l 
by firs t  statin g a  genera l  bu t  wea k 
procedur e an d the n providin g practic e 
problem s (e .  g. ,  Solomons ,  1988) .  Th e 
genera l  procedur e i s inefficien t  an d 
must  b e specialize d t o particula r  classe s 
of  molecules .  W e gav e H S a  versio n o f 
th e genera l  skil l  an d provide d i t  wit h 
stat e constraint s expressin g fact s abou t 
thre e classe s o f  molecule s (alcohols , 
hydrocarbons ,  an d ethers) .  A n exampl e 
of  a  fac t  i s  tha t  alcohol s hav e a n OH -
grou p ("i f  thi s i s a n alcoho l  molecule , 
i t  ha d bette r  hav e a n OH-group") .  Th e 
model  learne d specialize d version s o f 
th e genera l  procedur e fo r  eac h typ e o f 
molecul e an d it s learnin g exhibite d th e 
negativel y accelerate d curv e typica l  o f 
human skil l  acquisition ;  se e (Ohlsson , 
i n press-a )  fo r  a  mor e detaile d 
discussio n o f  thes e results . 

Learnin g fro m tutorin g messages . 
Student s typicall y nee d tutorin g t o ac -
quir e th e correc t  procedure s fo r  plac e 
valu e arithmetic .  W e gav e H S a n initia l 
rul e se t  whic h coul d solv e canonica l 
subtractio n problems ,  i .  e. ,  problem s i n 
whic h th e subtrahen d digi t  i s  alway s 
smalle r  tha n th e minuen d digi t  i n th e 
same column .  W e the n tutore d th e sys -
te m throug h th e learnin g o f  th e re -
groupin g procedure .  Th e stat e con -
straint s encode d typica l  tutorin g mes -
sages ,  e .  g. ,  "don' t  borro w unles s th e 
minuen d digi t  i s  smalle r  tha n th e sub -
trahen d digit. "  Th e prediction s fro m 
thi s simulatio n experimen t  contra -
dicte d th e curren t  wisdo m tha t  re -
groupin g i s easie r  t o lear n tha n alter -
nativ e subtractio n methods ;  se e 
Ohlsso n (i n press-b )  an d Ohlsson ,  Erns t 
& Ree s (i n press )  fo r  a  detaile d discus -
sio n o f  th e results . 

D i s c u s s i o n 

Skill acquisition always occurs within 
th e contex t  o f  th e learner' s prio r 
knowledg e abou t  th e domain .  Model s o f 
skil l  acquisitio n mus t  explai n th e in -
teractio n betwee n prio r  knowledg e an d 
proble m solvin g experienc e durin g 
practice .  W e sugges t  tha t  th e cognitiv e 
functio n o f  domai n knowledg e i s t o en -
abl e th e learne r  t o monito r  hi s o r  he r 
own performance .  Th e mor e domai n 
knowledg e h e o r  sh e has ,  th e bette r  h e 
or  sh e ca n detec t  an d correc t  errors . 

The simulatio n mode l  w e buil t 
aroun d thi s hypothesi s learn s i n thre e 
differen t  domain s whic h support s th e 
sufficienc y an d th e generalit y o f  th e 
learnin g mechanism .  Th e mode l  sug -
gest s ne w perspective s o n thre e tradi -
tiona l  problem s i n th e theor y o f  proce -
dura l  learning .  First ,  i t  predict s nega -
tivel y accelerate d learnin g curves ,  be -
caus e th e numbe r  o f  learnin g oppor -
tunitie s pe r  practic e tria l  wil l  decreas e 
as mor e an d mor e error s ar e corrected . 
Second ,  i t  predict s lo w transfe r  o f 
trainin g betwee n domains ,  becaus e 
generalit y reside s i n th e declarativ e 
knowledg e an d no t  i n th e skil l  itself . 
Finally ,  th e mode l  i s consisten t  wit h 
th e fac t  tha t  one-on-on e tutorin g i s th e 
most  efficien t  for m o f  instruction ,  be -
caus e tutor s operat e b y helpin g th e 
learne r  wit h th e tw o mai n function s 
postulate d i n th e model ,  i .  e. ,  t o detec t 
and correc t  errors . 

The empirica l  validit y o f  a  comple x 
simulatio n mode l  i s difficul t  t o assess . 
The derivatio n o f  quantitativ e predic -
tion s fro m a  computationa l  mode l  i s 
tricky ,  becaus e th e model' s behavio r  i s 
determine d no t  onl y b y th e hypothese s 
behin d i t  bu t  als o b y implementatio n 
details .  Also ,  differen t  model s ar e sel -
do m applie d t o th e sam e phenomena , 
due t o difference s i n th e interest s o f 
thei r  creators ,  makin g comparativ e 
evaluation s difficult .  N o stron g claim s 
fo r  th e empirica l  validit y o f  H S ca n b e 
made a t  thi s time . 
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The theor y behin d H S i s simila r  i n 
spiri t  t o th e theor y propose d b y 
Schan k (1986) .  Accordin g t o th e latter , 
peopl e understan d event s b y generat -
in g expectation s fro m thei r  curren t 
knowledg e an d the y revis e thei r 
knowledg e whe n thei r  expectation s 
fail .  Expectatio n failure s an d con -
strain t  violation s ar e obviousl y simila r 
type s o f  events .  Schank' s theor y i s fo -
cusse d o n th e understandin g o f  othe r 
agents '  action s rathe r  tha n o n proble m 
solvin g an d i t  represent s knowledg e i n 
explanatio n pattern s instea d o f  rules , 
but  th e tw o theorie s shar e th e hypoth -
esi s tha t  learnin g i s a  respons e t o a n 
inconsistenc y betwee n a  cognitiv e out -
come an d existin g knowledge . 

Thi s hypothesi s migh t  ultimatel y b e 
undermine d b y empirica l  data . 
However ,  th e proble m o f  th e interac -
tio n betwee n prio r  knowledg e an d ex -
perienc e durin g practic e wil l  no t  g o 
away.  I t  mus t  b e solve d befor e w e ca n 
clai m t o full y  understan d skil l  acquisi -
tion . 
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