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W h at  i s  th e relationshi p betwee n learners '  knowledg e o f 
concept s an d thei r  abilit y t o execut e procedura l  skills ? I n 
thi s paper ,  I  dra w fro m researc h i n mathematic s education , 
cognitiv e psychology ,  an d developmenta l  psycholog y i n 
orde r  t o examin e h o w knowledg e o f  procedure s an d con -
cept s ha s bee n studie d an d wha t  conclusion s hav e bee n 
reache d abou t  th e relationshi p betwee n them . 

Thre e observation s ca n b e mad e fro m a  revie w o f 
th e existin g literatur e o n th e relationshi p betwee n concept s 
and procedure s i n children' s mathematic s learning .  First , 
most  researc h i n thi s are a ha s trie d t o determin e th e opti -
m um developmenta l  relationshi p betwee n concep t  an d pro -
cedur e learning .  I n othe r  words ,  mos t  studie s hav e sough t 
t o answe r  th e question ,  "Whic h come s first?"  Second ,  al -
most  al l  researc h i n thi s are a ha s bee n limite d t o th e learnin g 
of  topic s i n elementar y schoo l  mathematics .  Notabl y absen t 
ar e studie s o f  th e developmen t  o f  procedura l  an d conceptua l 
knowledg e i n algebra ,  geometry ,  an d calculus .  Third , 
knowledg e o f  concept s an d knowledg e o f  procedure s ar e 
assesse d i n ver y differen t  ways .  Knowledg e o f  concept s i s 
ofte n assesse d verball y an d throug h a  variet y o f  tasks .  I t 
appear s tha t  conceptua l  knowledg e i s viewe d t o b e comple x 
and multi-faceted .  B y contrast ,  procedura l  knowledg e i s 
assesse d non-verball y b y observin g th e executio n o f  a  pro -
cedure .  Procedura l  knowledg e i s viewe d a s a n entit y tha t  a 
studen t  eithe r  ha s o r  doe s no t  have . 

I t  i s  thi s final  poin t  tha t  I  wis h t o explor e i n mor e 
depth .  Th e curren t  assumptio n i n th e field  i s  tha t  th e end -
poin t  o f  acquisitio n fo r  concept s i s whe n the y ar e "under -
stood" .  B y contrast ,  th e endpoin t  o f  acquisitio n o f  proce -
dure s i s  whe n skill s  becom e routin e an d ca n b e execute d 
wit h fluency;  i n othe r  words ,  whe n suc h knowledg e ha s 
become automatized .  I  sugges t  tha t  thi s portraya l  o f  proce -
dura l  knowledg e doe s no t  adequatel y reflec t  th e comple x 
ways i n whic h procedure s ca n b e know n o r  eve n under -
stood . 

What  migh t  i t  mea n t o hav e understandin g o f  a 
procedure ? I  mentio n thre e description s o f  wha t  "proce -
dura l  understanding "  migh t  loo k like .  First ,  Davi s (1983 ) 
write s abou t  th e proces s tha t  a  studen t  goe s throug h i n plan -
nin g h o w t o approac h a n unfamilia r  problem .  Suc h plan -
nin g require s tha t  th e studen t  hav e knowledg e o f  a  rang e o f 
necessar y techniques ,  eac h wit h a n appropriat e cognitiv e 
labe l  o r  "tag "  whic h specifie s wha t  th e techniqu e ca n ac -
complis h an d it s relevan t  goal s an d subgoals . 

Second ,  Ohlsso n an d Ree s (1991 )  propos e tha t  a 
procedur e i s execute d wit h understandin g whe n th e "prob -
le m solve r  monitor s hi s o r  he r  performanc e o n th e proble m 
by comparin g th e successiv e state s o f  th e proble m wit h 

what  h e o r  sh e know s abou t  th e tas k environment "  (p .  108) . 
The y propos e tha t  ther e ar e tw o type s o f  knowledg e o f  th e 
tas k environment :  On e i s  knowledg e o f  th e principle s 
whic h guid e event s an d object s i n th e domai n an d th e othe r 
i s knowledg e o f  th e purpose s o f  eac h ste p i n a  procedure . 
Thi s secon d typ e o f  knowledg e abou t  th e procedura l  tas k 
environmen t  -  knowin g th e purpose s o f  eac h ste p i n a  pro -
cedur e ~  i s ver y simila r  t o Davis '  (1983 )  plannin g knowl -
edge . 

Third ,  VanLeh n an d Brow n hav e writte n abou t 
teleologica l  semantic s (VanLeh n &  Brown ,  1980) .  Th e 
teleologica l  semantic s o f  a  procedur e i s "knowledg e abou t 
[the ]  purpose s o f  eac h o f  it s  part s an d h o w the y fit  together . 
.. .  Teleologica l  semantic s i s th e meanin g possesse d b y on e 
w ho know s no t  onl y th e surfac e structur e o f  a  procedur e bu t 
als o th e detail s o f  it s  design "  (p .  95) .  VanLeh n an d Brow n 
(1980 )  not e tha t  a  procedur e ca n b e cognitivel y represente d 
on multipl e levels .  O n a  ver y superficia l  level ,  a  procedur e 
may b e represente d simpl y a s a  chronologica l  lis t  o f  action s 
or  steps ;  o n a  mor e abstrac t  level ,  a  procedur e ca n includ e 
plannin g knowledg e i n it s representation .  Plannin g knowl -
edg e include s no t  onl y th e surfac e structur e (th e sequentia l 
serie s o f  steps )  bu t  als o "th e reasonin g tha t  wa s use d t o 
transfor m th e goal s an d constraint s tha t  defin e th e inten t  o f 
th e procedur e int o it s actua l  surfac e structure "  (p .  107) . 

Accordin g t o thes e thre e views ,  t o understan d a 
procedur e i s t o hav e plannin g knowledg e -  knowledg e o f 
suc h thing s a s th e orde r  o f  steps ,  th e goal s an d subgoal s o f 
steps ,  th e environmen t  o r  typ e o f  situatio n i n whic h th e pro -
cedur e i s used ,  constraint s impose d upo n th e procedur e b y 
th e environmen t  o r  situation ,  an d an y heuristic s o r  c o m m o n 
sens e knowledg e whic h ar e inheren t  i n th e environmen t  o r 
situation .  I  sugges t  tha t  thi s expande d vie w o f  procedura l 
knowledg e ca n lea d t o bette r  theor y abou t  th e developmen t 
of  procedura l  an d conceptua l  knowledge . 
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