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Introductio n 

How d o w e maste r  procedura l  skill s  i n domain s suc h a s 
mathematics ? Accordin g t o Anderson' s mode l  o f  develop -
in g procedura l  skills ,  learner s progres s throug h a  serie s o f 
thre e stage s -  a  declarativ e stage ,  a  knowledg e compilatio n 
stage ,  an d a  tunin g stag e (Anderson ,  1996) . 

O ne criticis m o f  Anderson' s mode l  i s it s inabilit y  t o 
distinguis h amon g level s o f  "skilled "  performance .  Ander -
son' s theor y propose s tha t  th e achievemen t  o f  automaticit y 
i s th e endpoin t  i n th e acquisitio n o f  a  skill ,  wher e a  learner' s 
knowledg e i s  full y  compile d an d s/h e i s  abl e t o fluentl y 
execut e a  skill .  Bu t  automaticit y m a y no t  b e th e onl y end -
poin t  o f  procedura l  skil l  development .  Karmiloff-Smit h ha s 
foun d tha t  competent ,  automati c performanc e ca n b e fol -
lowe d b y a  perio d o f  meta-procedura l  representationa l  rede -
scription ,  wher e procedura l  knowledg e become s increas -
ingl y explicit ,  flexible ,  manipulatable ,  an d availabl e t o con -
sciou s acces s (Karmiloff-Smith ,  1992) . 

I n thi s study ,  I  explor e th e issue s o f  expertise , 
automaticity ,  an d "skilled "  performanc e throug h a  clos e 
analysi s o f  th e developmen t  o f  on e child' s competenc e i n 
th e domai n o f  linea r  equatio n solving . 

Method 

The subjec t  o f  thi s stud y wa s a  14-yea r  old ,  male ,  8t h grad e 
student ,  Noah .  Th e experimente r  (JS )  worke d wit h Noa h 
fo r  4  session s ove r  a  perio d o f  thre e weeks .  Eac h sessio n 
laste d approximatel y 4 5 minutes .  Al l  session s wer e video -
taped .  A t  th e tim e o f  th e tutorin g sessions ,  Noa h ha d no t 
covere d th e section s o f  hi s symboli c algebr a tex t  whic h 
deal t  wit h equatio n solving . 

Instructio n i n equatio n solvin g procedure s wa s 
don e b y patter n recognitio n o n portion s o f  problems .  Fo r 
example ,  J S gav e Noa h th e proble m ste p x+l=\ 2 an d tol d 
hi m a  cu e t o th e proble m patter n (e.g. ,  "Whe n yo u se e a 
proble m lik e this," )  an d the n th e operato r  actio n (e.g. ,  "sub -
trac t  a  7  fro m bot h sides") .  Noa h wa s no t  give n instructio n 
whic h mentione d operato r  subgoal s no r  o n th e orde r  tha t 
operator s shoul d b e applied . 

Noah engage d i n a  two-ste p verba l  protoco l  durin g 
th e equatio n solvin g portio n o f  th e session s ~  plannin g an d 
solving .  I n th e firs t  ste p (planning) ,  Noa h wa s aske d t o ver -
ball y describ e o r  pla n al l  problem-solvin g step s tha t  h e 
though t  woul d b e neede d t o solv e a  particula r  problem . 
Plannin g occurre d befor e Noa h bega n an y writte n wor k o n 
th e problem .  I n th e secon d ste p (solving) ,  Noa h attempte d 
t o solv e th e problem .  Noa h an d J S ha d ver y littl e verba l 
interactio n whil e Noa h wa s engage d i n solving . 

Resu l t s a n d D iscuss io n 

Thre e mai n claim s ar e base d o n a  clos e examinatio n o f  th e 
vide o record s o f  Noah' s problem-solving .  First ,  th e devel -
opment  o f  algorithm s wa s a n importan t  achievemen t  fo r 
Noah,  howeve r  i t  wa s no t  th e culminatio n o f  hi s learning . 
I n fact ,  th e abandonmen t  o f  algorithm s i n favo r  o f  heuristic s 
represent s a  muc h mor e advance d wa y o f  approachin g 
equations . 

Second ,  th e abilit y t o execut e operator s individu -
ally ,  whic h wa s achieve d i n th e ver y earl y stage s o f  Noah' s 
learning ,  di d no t  enabl e Noa h t o us e operator s i n th e contex t 
of  equatio n solving .  Noa h ha d t o lear n abou t  operator s i n 
context ,  includin g possibl e order s o f  operator s an d subgoal s 
of  operators ,  befor e h e wa s abl e t o exhibi t  knowledg e be -
yon d mer e operato r  competence .  Similarly ,  th e abilit y t o 
solv e equation s o f  th e for m ax+b= c usin g a n algorith m di d 
not  mea n tha t  Noa h wa s necessaril y  abl e t o solv e comple x 
equation s suc h a s 5x+A{x+\)+'i=lx+'i{x-¥A)-\ .  Despit e th e 
fac t  tha t  h e ha d achieve d fluenc y o n al l  sub-skill s  necessar y 
fo r  th e solutio n o f  suc h a  problem ,  h e wa s no t  abl e t o utiliz e 
thi s knowledg e t o solv e mor e comple x problems . 

Third ,  th e instructio n give n t o Noa h i n operato r  us e 
was purposefull y "procedural, "  i n tha t  J S chos e no t  t o pro -
vid e Noa h wit h an y "concepts "  whic h underli e th e equatio n 
solvin g operators .  I n th e absenc e o f  conceptua l  instruction , 
Noah wa s nevertheles s abl e t o develo p ver y robus t  an d use -
fu l  heuristic s fo r  solvin g man y differen t  kind s o f  equations . 
Noah' s understandin g o f  thes e heuristic s involve d knowin g 
suc h thing s a s th e orde r  o f  steps ,  th e subgoal s o f  steps ,  th e 
type s o f  problem s fo r  whic h certai n heuristic s m a y o r  m a y 
not  b e useful ,  an d th e abilit y t o pla n t o th e solutio n state . 
Expertis e i n algebr a equatio n solvin g woul d requir e a n eve n 
mor e thoroug h procedura l  understanding . 

I  conclud e tha t  a  learne r  ca n becom e quit e accom -
plishe d an d competen t  a t  a  procedura l  skill ,  an d ye t  fai l  t o 
displa y som e qualitie s o f  exper t  behavior .  I n additio n t o 
fluenc y i n performance ,  a  successfu l  accoun t  o f  procedura l 
learnin g mus t  includ e a  wa y t o incorporat e thes e mor e gen -
era l  characteristic s o f  expertise . 
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