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Abstrac t 

A widel y adopte d theor y o f  procedura l  learnin g 
claim s tha t  peopl e construc t  ne w proble m solvin g 
rule s throug h inductio n ove r  pas t  proble m solvin g 
steps .  Th e underlyin g assumptio n tha t  peopl e 
stor e informatio n abou t  proble m solvin g step s i n 
memory wa s teste d b y measurin g subjects ' 
memory o f  thei r  ow n proble m solvin g step s i n 
fou r  differen t  ways .  Th e result s suppor t  th e 
assumptio n tha t  peopl e stor e enoug h informatio n 
i n memor y t o enabl e inductio n o f  ne w proble m 
solvin g rules . 

Memory in Procedural Learning 

Theoretical analyses of procedural learning have 
converge d o n thre e genera l  principle s fo r  th e 
acquisitio n o f  proble m solvin g rule s throug h practice : 
(a )  Learner s solv e unfamilia r  problem s throug h wea k 
proble m solvin g method s suc h a s hil l  climbing , 
planning ,  an d search .  Th e functio n o f  a  wea k metho d 
i s t o generat e tas k relevan t  behavio r  i n th e absenc e o f 
knowledg e abou t  th e task ,  (b )  Informatio n abou t  th e 
proble m solvin g step s generate d b y th e wea k method -
-context ,  typ e o f  action ,  outcome-i s store d i n long -
ter m memory ,  (c )  N e w proble m solvin g rule s ar e 
induce d from  th e resultin g memor y record . 

Thi s genera l  theor y o f  procedura l  learnin g ha s bee n 
instantiate d i n severa l  compute r  simulatio n models . 
The model s diffe r  wit h respec t  t o proble m solvin g 
method ,  typ e o f  informatio n store d i n memory ,  an d 
inductio n mechanism .  Fo r  example ,  th e A C T *  mode l 
(Anderso n 1983 )  solve s problem s throug h planning , 
store s informatio n abou t  th e tempora l  orde r  o f 
proble m solvin g steps ,  an d learn s throug h rul e 
compositio n (a s wel l  a s i n othe r  ways) .  Th e U P L 
model  (Ohisso n 1987 )  solve s problem s throug h 
search ,  store s state-operato r  pair s i n memory ,  an d 
learn s throug h generalizatio n (a s wel l  a s i n othe r 
ways) .  Th e S A G E mode l  (Langle y 1987 )  solve s 
problem s throug h search ,  store s informatio n abou t 
goo d an d ba d outcomes ,  an d learn s throug h 
discrimination .  Th e Soa r  mode l  (Newel l  1990 )  als o 
solve s problem s throug h search ,  store s sequence s o f 
searc h steps ,  an d learn s throug h chunking .  Althoug h 
thes e (an d m a n y other )  model s o f  procedura l  learnin g 
diffe r  i n thei r  specifics ,  the y nevertheles s instantiat e 
th e sam e thre e genera l  principle s state d above . 

T h e mos t  c o m m o n approac h t o empirica l 
validatio n o f  suc h model s i s t o tes t  thei r  prediction s 

agains t  data .  Fo r  example ,  validatio n migh t  involv e 
derivin g th e powe r  la w o f  learnin g (Newel l  & 
Roscnbloo m 1981 )  o r  observe d erro r  pattern s 
(VanLeh n 1990 )  fro m a  give n model .  A n alternativ e 
approac h i s t o provid e empirica l  suppor t  fo r  th e 
assumption s underlyin g th e entir e clas s o f  models , 
preferabl y suppor t  whic h i s  independen t  o f  th e 
learnin g dat a whic h inspire d th e creatio n o f  th e 
models . 

O ne centra l  assumptio n o f  th e theor y o f  procedura l 
learnin g i s  tha t  peopl e stor e detaile d informatio n 
abou t  thei r  o w n proble m solvin g step s i n memor y 
whil e solvin g unfamilia r  problems .  Becaus e 
procedura l  learnin g i s  mos t  rapi d a t  th e outse t  o f 
learning ,  th e hypothesi s o f  interna l  inductio n 
implicid y assume s tha t  th e memor y recor d build s u p 
rapidly ,  i .  e. ,  tha t  th e m e m o r y recor d i s no t  onl y 
detaile d bu t  als o relativel y complete .  Thi s assumptio n 
i s dubious .  Bot h proble m solvin g an d memor y 
storag e ar e capacit y demandin g processes ,  s o i t  i s 
reasonabl e t o expec t  the m t o interfer e wit h eac h other . 
I f  i t  ca n b e show n tha t  learner s d o no t  stor e 
informatio n abou t  proble m solvin g step s i n memory , 
th e plausibilit y  o f  th e th e curren t  theor y o f  procedura l 
learning ,  an d o f  th e entir e clas s o f  learnin g model s 
tha t  buil d o n it ,  i s  undermined .  Conversely ,  i f  i t  ca n 
be show n tha t  peopl e indee d stor e a  detaile d an d 
complet e m e m o r y recor d o f  thei r  o w n proble m 
solvin g steps ,  th e plausibilit y o f  th e theor y o f 
procedura l  learnin g i s strengthened . 

I n a  stud y o f  th e Missionarie s an d Cannibal s 
Puzzle ,  Ree d an d Johnse n (1977 )  foun d relativel y 
goo d recognitio n m e m o r y fo r  proble m state s (63 % 
correc t  recognition ,  o n th e average) ,  bu t  rathe r  poo r 
abilit y t o recal l  whic h ste p wa s take n i n a  give n 
proble m state .  However ,  a s Ree d an d Johnse n (1977 , 
p.  198 )  poin t  out ,  measurin g memor y fo r  proble m 
solvin g step s i s no t  straightforward .  Unlik e th e 
stimul i  use d i n ordinar y m e m o r y experiments , 
proble m solvin g step s ar e generate d b y th e subject . 
rathe r  tha n b y th e experimenter .  Hence ,  th e 
experimente r  canno t  prepar e th e stimul i  i n advance . 
Proble m solvin g step s ca n b e recorde d an d use d a s 
stimul i  later .  Bu t  accurat e assessmen t  o f  th e memor y 
trac e ha s t o occu r  immediatel y afte r  proble m solving , 
befor e th e trac e i s obliterate d b y deca y o r  interference . 

I n th e presen t  study ,  th e powe r  o f  th e compute r 
was use d t o overcom e thi s methodologica l  difficulty . 
Th e experimental  problem s wer e presente d t o th e 
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subjec t  vi a a  compute r  terminal .  Th e compute r 
recorde d th e subjects '  steps .  Immediatel y afte r  a 

subjec t  indicate d tha t  he ^  wa s finishe d wit h a 
problem ,  th e compute r  retrieve d th e subject' s solutio n 
path ,  constructe d a  m e m o r y tes t  o n th e basi s o f  it , 
and presente d th e tes t  t o th e subject . 

General Method 

The subjects '  memor y fo r  thei r  ow n proble m 
solvin g step s wer e measure d i n differen t  way s i n fou r 
experiment s whic h followe d th e sam e genera l  format . 

Problem Solving Tasks 

I n th e typ e o f  proble m use d i n thi s study ,  th e 
subjec t  wa s show n thre e unmarke d jar s o f  differen t 
capacities .  Initially ,  th e larges t  ja r  i s  ful l  o f  wate r  an d 
th e tw o smalle r  jar s ar e empty .  Th e tas k i s t o 
redistribut e th e wate r  s o tha t  th e tw o large r  jar s hav e 
equa l  amount s (an d th e smalles t  ja r  i s  empty) .  Th e 
onl y availabl e actio n i s t o pou r  wate r  fro m on e ja r 
int o anothe r  jar ,  unti l  eithe r  th e sourc e ja r  i s empt y o r 
th e receivin g ja r  i s  full ,  whicheve r  happen s first .  A 
solutio n consist s o f  a  sequenc e o f  pourin g action s 
tha t  transform s th e initia l  distributio n o f  wate r  int o 
th e desire d one .  Problem s lik e thes e ar e know n a s 
wate r  ja r  problems .  The y wer e introduce d int o th e 
psychologica l  laborator y b y Luchin s (1942 )  an d hav e 
been studie d frequentl y (Atkinson ,  Masson ,  &  Poiso n 
1980) . 

Th e subject s i n al l  fou r  experiment s solve d th e 
same si x wate r  ja r  problem s i n th e sam e order .  Th e 
simples t  proble m (wit h ja r  capacitie s 6 ,  5 ,  an d 3 ) 
require d onl y tw o step s an d serve d a s a  trainin g 
problem .  Th e secon d proble m wa s th e 8-5- 3 proble m 
studie d b y Atkinson ,  Masson ,  an d Poiso n (1980) . 
The remainin g fou r  problem s ha d capacitie s 16-10-6 , 
24-15-9 ,  32-20-12 ,  an d 40-25-15 ,  respectively .  The y 
ar e isomorph s o f  th e 8-5- 3 problem ,  i .  e. ,  al l  fiv e 
experimenta l  problem s ha d exactl y th e sam e proble m 
space .  Th e grap h o f  thi s spac e ha s 1 6 state s an d th e 
shortes t  pat h t o solutio n i s  eigh t  step s lon g (se e 
Atkinson ,  Masson ,  &  Poiso n 1980 ,  p .  183) .  Ther e 
ar e man y opportunitie s t o unintentionall y retur n t o 
previousl y visite d state s i n thi s space ,  makin g th e 
problem s non-trivia l  fo r  novices . 

Presentation System and Procedure 

The problem s wer e presente d o n a  compute r  terminal . 
Th e compute r  represente d a  proble m i n a n 
alphanumeric ,  a s oppose d t o graphical ,  format :  Eac h 
ja r  wa s labelle d wit h a  singl e letter ,  an d th e compute r 
showe d a  proble m stat e b y printin g a  tabl e wit h th e 
letter s an d th e curren t  wate r  volume s o f  th e 

^  Fo r  th e sak e o f  brevity ,  th e pronoun s "he" ,  "his" , 
"himself ,  etc .  ar e use d genericall y t o mea n "h e o r  she" ,  "hi s 
or  her" ,  "himsel f  o r  herseir" ,  etc . 

correspondin g jar s o n th e screen .  T h e firs t  scree n 
showe d bot h th e initia l  stat e an d th e goa l  state ; 
subsequen t  screen s di d no t  sho w th e goa l  stat e bu t 
onl y th e curren t  state .  Althoug h th e initia l  stat e coul d 
be reviewe d a t  an y tim e (se e below) ,  ther e wa s n o 
way t o revie w othe r  pas t  proble m state s withou t 
returnin g t o them . 

Th e subjec t  indicate d whic h pourin g actio n h e 
choos e b y firs t  pressin g th e keyboar d ke y 
correspondin g t o th e ja r  h e wa s pourin g fro m an d the n 
th e ke y correspondin g t o th e ja r  h e wa s pourin g into . 
Illega l  moves ,  e .  g. ,  attemptin g t o pou r  fro m a n 
empt y jar ,  wer e rejecte d wit h a  shor t  explanatio n (e . 
g. ,  "Yo u canno t  pou r  fro m a n empt y jar") . 

W h en th e subjec t  reache d th e goa l  state ,  th e 
compute r  syste m waite d fo r  th e subjec t  t o pres s a  ke y 
tha t  indicate d tha t  h e kne w tha t  h e wa s don e wit h th e 
problem .  I f  th e subjec t  instea d performe d ye t  anothe r 
pourin g action ,  thu s movin g awa y fro m th e goa l 
state ,  th e syste m mad e n o objection .  Th e subjec t 
coul d als o pres s a  ke y tha t  indicate d tha t  h e gav e up . 
The subjec t  als o ha d th e option s o f  backin g up ,  i .  e. , 
returnin g t o a  stat e preceedin g th e curren t  state ,  an d o f 
restarting ,  i .  e. ,  o f  returnin g t o th e initia l  proble m 
state .  Th e initia l  proble m stat e coul d als o b e reviewe d 
at  an y poin t  alon g th e way .  Finishing ,  givin g up , 
backin g up ,  restarting ,  an d reviewin g wer e eac h 
signalle d b y a  singl e ke y press ,  excep t  backin g up , 
whic h require d a  secon d ke y pres s indicatin g th e 
number  o f  step s th e subjec t  wishe d t o bac k up . 

W h en th e subjec t  signalle d tha t  h e wa s don e wit h 
a problem ,  th e syste m constructe d a  m e m o r y tes t 
base d o n it s recordin g o f  th e subject' s behavior .  Th e 
memory item s wer e the n presente d on e a t  a  time .  O n 
eac h item ,  th e subjec t  wa s aske d fo r  a  response -
differen t  fo r  differen t  memor y tests-an d a  confidenc e 
judgment .  Th e confidenc e judgmen t  wa s mad e o n a 
five  poin t  scale ,  fro m 1  ("jus t  guessing" )  t o 5 
("completel y certain") .  Th e subjec t  wa s the n give n 
feedbac k abou t  th e correctnes s o f  hi s response ,  an d th e 
nex t  memor y ite m wa s presented .  Afte r  th e memor y 
tes t  wa s completed ,  th e nex t  proble m solvin g tas k 
was presented ,  an d s o on ,  throug h th e five  trials .  Eac h 
tria l  thu s consiste d o f  on e proble m solvin g attemp t 
followe d b y a  memor y test . 

Th e subjec t  wa s give n a  brie f  descriptio n o f  th e 
purpos e o f  th e experiment ,  an d h e wa s tol d tha t  h e 
woul d b e subjec t  t o a  m e m o r y tes t  afte r  eac h 
problem .  Th e instruction s emphasize d tha t  th e 
memory tes t  shoul d b e answere d b y recallin g wha t 
was don e durin g proble m solving ,  rathe r  tha n b y re -
thinkin g th e proble m solvin g task .  Th e experimente r 
explaine d th e ide a behin d wate r  ja r  problem s an d th e 
operatio n o f  th e compute r  system ,  an d remaine d i n 
th e laborator y whil e th e subjec t  solve d th e trainin g 
proble m an d th e m e m o r y tes t  tha t  followe d it .  H e 
the n waite d outsid e th e laborator y whil e th e subjec t 
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solve d th e fiv e experimenta l  problem s an d responde d 
t o th e associate d memor y tests . 

Subjects 

Eigh t  subjects ,  fou r  psycholog y student s an d fou r 
compute r  scienc e students ,  participate d i n eac h o f  th e 
fou r  experiments ,  fo r  a  tota l  o f  3 2 subjects .  Th e 
psycholog y student s participate d i n orde r  t o fulfil l  a 
cours e requirement ,  whil e th e compute r  scienc e 
student s wer e paye d a  smal l  amoun t  fo r  thei r 
participation .  Hal f  th e subject s wer e m e n an d hal f 
wer e w o m e n .  Th e tw o differen t  subjec t  population s 
wer e include d i n th e experimen t  t o ensur e a  wid e 
rang e o f  puzzl e solvin g abilit y  amon g th e subjects . 

Evidence for Procedural Learning 

Th e purpos e o f  th e stud y wa s t o measur e memor y fo r 
proble m solvin g step s durin g procedura l  learning . 
Hence ,  i t  i s  importan t  t o verif y tha t  tha t  th e subjects ' 
proble m solvin g performanc e improve d acros s th e 
fiv e trials .  Percent  correct ,  lim e t o solution ,  an d 
number  o f  step s t o solutio n ar e common l y use d 
performanc e measures .  Percen t  correc t  doe s no t 
accuratel y reflec t  knowledg e abou t  wate r  ja r  puzzles , 
becaus e th e goa l  stat e ca n b e foun d b y exhaustiv e 
search ,  o r  eve n b y a  rando m walk ,  throug h th e (rathe r 
small )  proble m space .  T im e t o solutio n i s onl y 
applicabl e o n correctl y solve d problems .  Worse , 
becaus e differen t  (correct )  solution s hav e differen t 
lengths ,  tim e t o solutio n confound s th e questio n o f 
whic h solutio n th e proble m solve r  know s wit h th e 
questio n h o w fas t  h e i s executin g it .  Neithe r  measur e 
i s a n accurat e indicato r  o f  procedura l  learning . 
N u m b er  o f  step s t o solutio n hav e simila r 
disadvantages . 

Th e acquisitio n o f  a  procedur e fo r  a  puzzl e 
proble m shoul d lea d t o bette r  solutions .  Th e solutio n 
qualit y wa s measure d i n th e followin g way .  I f  th e 
subjec t  gav e u p withou t  havin g reache d th e goa l  state , 
hi s solutio n wa s assigne d th e valu e 0 .  I f  th e subjec t 
reache d th e goa l  state ,  bu t  no t  throug h th e shortes t 
path ,  the n hi s solutio n wa s assigne d th e valu e 1 . 
Shortes t  pat h solution s wer e assigne d th e valu e 2 . 
Measure d i n thi s way ,  solutio n qualit y improve d 
significantl y acros s trial s (Kruskal-Walli s  one-wa y 
analysi s o f  varianc e b y ranks ,  correcte d fo r  ties ;  chi -
square = 10.65 ,  d f  =  4 ,  p  <  .05) . 

A secon d consequenc e o f  procedura l  learnin g i s 
tha t  th e proble m solve r  ha s t o thin k les s i n orde r  t o 
decid e wha t  t o d o i n eac h proble m state .  Therefore , 
th e residenc e time ,  i .  e. ,  th e tim e th e proble m solve r 

remain s i n a  proble m stat e befor e takin g a n action^ , 
ough t  t o decrease .  Th e compute r  syste m recorde d th e 
residenc e tim e fo r  eac h subjec t  an d proble m state . 
Ther e wa s a  statisticall y significan t  decreas e i n th e 

averag e residenc e tim e acros s th e five  trial s (two-wa y 
A N O V A,  subjec t  populatio n x  trials ,  F  =  4.53 ,  d f  = 
4 . p < . 0 1 ) . 

I n summary ,  bot h th e qualit y o f  th e solution s an d 
th e spee d o f  decisio n makin g improve d acros s trials , 

indicatin g tha t  th e subject s learne d somethin g abou t 
h o w t o solv e wate r  ja r  problem s i n th e cours e o f  th e 
study . 

Experiment 1: Path Retracing 

The purpose of the first experiment was to measure 
th e subjects '  abilit y  t o retrac e thei r  o w n solutions . 
Afte r  th e subjec t  declare d himsel f  finished  wit h a 
problem ,  th e compute r  syste m retrieve d th e subject' s 
solutio n path ,  presente d th e initia l  stat e o f  th e 
proble m an d aske d "Whic h actio n di d yo u tak e i n thi s 

situation?" .  I f  th e subjec t  responde d wit h th e actio n 
whic h h e did ,  i n fact ,  tak e whil e solvin g th e problem , 
th e syste m responde d "Yes ,  tha t  i s  wha t  yo u did "  an d 
presente d th e nex t  stat e o n th e subject' s path .  I f  th e 
subjec t  responde d wit h a n actio n differen t  tha n th e on e 
he execute d whil e solvin g th e problem ,  th e compute r 
syste m answere d "No ,  tha t  i s  no t  wha t  yo u did . 
Instead ,  yo u poure d .. .  int o ..." ,  an d presente d th e 
nex t  proble m stat e o n th e subject' s origina l  solutio n 
pat h (rathe r  tha n th e stat e tha t  woul d resul t  fro m 
applyin g th e operato r  th e subjec t  responde d with) .  I n 
short ,  th e pat h retracin g tes t  measure d th e subject' s 
abilit y  t o recreat e hi s solutio n b y steppin g throug h 
hi s pat h an d askin g hi m t o recal l  whic h actio n h e 
too k i n eac h successiv e proble m state .  M e m o r y fo r 
state-operato r  pair s i s crucia l  fo r  learnin g mechanism s 
suc h a s generalizatio n (Anderso n 1983 ;  Ohlsso n 
1987 )  an d discriminatio n (Langle y 1987) . 

Th e result s o f  thi s m e m o r y tes t  ar e show n i n 
Tabl e 1 ,  ro w 1 .  O n th e average ,  th e subject s retrace d 
8 1 % o f  thei r  step s correctly .  Althoug h ever y subjec t 
performe d bette r  o n tria l  2  tha n o n tria l  1 ,  Tabl e 1 
nevertheles s suggest s tha t  th e subjects '  memor y 
performanc e di d no t  improv e systematicall y acros s 
trials .  A  two-wa y A N O V A (subjec t  populatio n x 
trials )  confirm s tha t  th e effec t  o f  trial s i n Tabl e 1  i s 
not  significan t  ( F =  2.145 ,  p  >  .10) . 

Experiment 2: Operator Recall 

I t  i s  possibl e t o solv e th e pat h retracin g tas k use d i n 
Experimen t  1  b y re-solvin g th e problem ,  rathe r  tha n 
by retrievin g th e previou s solutio n fro m memory .  I n 
orde r  t o preven t  subject s fro m answerin g th e memor y 
item s throug h proble m solvin g rathe r  tha n throug h 
memory retrieval ,  th e subject s i n Experimen t  2  ha d t o 
recal l  th e operator s i n rando m order .  Afte r  th e subjec t 
indicate d tha t  h e wa s finishe d wit h a  particula r 
problem ,  th e compute r  syste m retrieve d th e subject' s 
solutio n path ,  presente d a  randoml y chose n stat e o n 

^  Th e concep t  o f  residenc e tim e wa s introduce d b y Newel l 
and Simo n (1972 ,  pp .  81 1 -814) . 
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Tabl e 1 .  M e m o r y performance ,  i n term s o f  % correct ,  o n eac h tria l  fo r  eac h experimen t  (memor y measure) , 
average d acros s subjects . 

Tria l 

Memory 
measur e 

Pat h 
retracin g 

Operato r 
recal l 

Stat e re -
cognitio n 

Orde r  re -
cognitio n 

1 

.6 2 

.7 2 

.7 3 

.8 7 

M 

.8 1 

.7 7 

.8 4 

.8 6 

.8 6 

.7 4 

.8 8 

.8 6 

.9 3 

.6 8 

.8 3 

.8 7 

.8 2 

.9 0 

.8 7 

.9 1 

.8 1 

.7 6 

.8 3 

.8 7 

th e path ,  an d aske d "Whic h actio n di d yo u tak e i n thi s 
situation?" .  Th e syste m the n presente d anothe r  stat e 
selecte d a t  random ,  an d s o on ,  unti l  th e subjec t  ha d 
responde d t o eac h stal e o n hi s solutio n path .  I n short , 
th e operato r  recal l  tes t  measure d th e subjects '  abilit y 
t o recal l  whic h operato r  h e execute d i n a  randoml y 
chose n proble m state .  Thi s memor y tes t  i s  simila r  t o 
th e memor y tas k use d i n Experimen t  1 1 o f  Ree d an d 
Johnse n (1977) . 

The result s o f  thi s memor y tes t  ar e als o show n i n 
Tabl e 1 ,  ro w 2 .  O n th e average ,  th e subject s recalle d 
7 6 % o f  thei r  operator s correctly .  Th e memor y 
performanc e di d no t  improv e systematicall y acros s 
trial s ( F =1.2 5 l ,p>.30) . 

Experiment 3: State Recognition 

In the third experiment the subjects were tested for 
memory o f  proble m state s rathe r  tha n operators .  Afte r 
th e subjec t  indicate d tha t  h e ha d finishe d wit h a 
problem ,  th e compute r  syste m firs t  retrieve d al l 
proble m state s o n th e subject' s solutio n path .  I t  the n 
retrieve d fro m th e proble m spac e a n equa l  numbe r  o f 
proble m state s whic h th e subjec t  ha d no t  visite d 
whil e solvin g th e problem .  Th e tw o set s o f  state s 
wer e mixe d an d arrange d i n rando m order .  Thus ,  th e 
subjec t  wa s presente d wit h a  sequenc e o f  proble m 
states ,  hal f  o f  whic h h e ha d see n whil e solvin g th e 
proble m an d hal f  o f  whic h h e ha d no t  see n befor e (bu t 
whic h belonge d t o th e sam e proble m space) .  Th e 
subjec t  responde d b y answerin g "yes "  o r  "no "  t o th e 
questio n whether  h e ha d encountere d th e show n stat e 
durin g proble m solving .  I n short ,  th e stat e 
recognitio n tes t  measure d th e subjects '  abilit y  t o 
discriminat e th e proble m state s the y ha d visite d 

durin g proble m solvin g fro m thos e the y ha d not .  Thi s 
memory tes t  i s  simila r  t o th e recognitio n tas k use d i n 
Experiment s I  an d I I  o f  Ree d an d Johnso n (1977) . 
M e m o ry fo r  proble m stale s i s crucia l  fo r  learnin g 
mechanism s suc h a s constrain t  violatio n (Ohlsso n & 
Rees 1991 )  an d subgoa l  discover y (Ohlsso n 1987) . 

The result s fro m thi s memor y tes t  ar e show n i n 
Tabl e 1 ,  ro w 3 .  Th e subject s recognize d 8 3 % o f  th e 
state s correctly ,  o n th e average .  Ther e wa s n o 
systemati c improvemen t  i n stat e recognitio n acros s 
trial s ( F = 1.368 ,  p  >  .10) . 

Experiment 4: Order Recognition 

In the fourth experiment, the subjects were tested for 
memory o f  th e tempora l  orde r  i n whic h the y 
encountere d particula r  proble m states .  Afte r  th e 
subjec t  indicate d tha t  h e wa s finishe d wit h a  problem , 
th e compute r  syste m retrieve d al l  th e proble m state s 
th e subjec t  ha d visite d durin g proble m solvin g an d 
consu-ucte d a  se t  o f  memor y item s b y pairin g th e 
proble m stales .  Th e pair s wer e presente d i n rando m 
order .  On e slat e wa s presente d o n th e lef t  sid e o f  th e 
termina l  scree n an d th e othe r  o n th e righ t  side .  Th e 
compute r  syste m aske d th e subjec t  "Whic h o f  thes e 
stale s di d yo u encounte r  befor e th e other?" .  I n hal f  th e 
items ,  th e lef t  stal e was ,  i n fact ,  encountere d earlie r  i n 
th e solutio n pat h tha n th e righ t  slate ;  i n th e othe r 
half ,  th e revers e wa s th e case .  I n short ,  th e orde r 
recognitio n les t  measure d th e subjects '  abilit y  t o 
remember  i n whic h orde r  the y cncouniere d proble m 
stales .  Memor y fo r  tempora l  orde r  o f  proble m solvin g 
event s i s crucia l  fo r  learnin g mechanism s suc h a s 
compositio n (Anderso n 1983 )  an d chunkin g (Newel l 
1990) . 
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The result s o f  thi s memor y les t  ar c show n i n 
Tabl e 1 ,  ro w 4 .  Th e subject s remembere d th e 
tempora l  orderin g o f  8 7 % o f  th e proble m state s 
conectly .  A s i n th e previou s experiments ,  ther e wa s 
no significan t  trainin g effec t  fo r  th e memor y 

performanc e ( F =  .153 ,  p  >  .10) . 

Summary and Discussion 

The result s o f  th e fou r  memor y test s wer e uniformal y 
high ,  indicatin g tha t  th e subject s store d 
approximatel y 8 0 % o f  th e informatio n probe d fo r 
whil e solvin g th e experimenta l  problems .  Th e 
performanc e wa s equall y hig h acros s th e fou r  differen t 
ways o f  accessin g memory :  retracin g a  solution , 
recallin g whic h operato r  wa s take n i n a  give n 
proble m state ,  distinguishin g proble m state s 
encountere d durin g proble m solvin g fro m othe r  state s 
i n th e sam e proble m space ,  an d judgin g th e tempora l 
orde r  i n whic h proble m state s wer e encountered . 
Becaus e th e proble m state s an d th e operator s i n th e 
wate r  ja r  proble m ar e visuall y impoverishe d an d 
syntacticall y simila r  t o eac h other ,  th e interferenc e 
effect s ough t  t o b e strong ,  biasin g th e stud y agains t 
hig h memor y performance .  Hence ,  th e result s 
presente d her e migh t  underestimat e th e amoun t  o f 
memory storag e tha t  i s typica l  durin g proble m 
solving . 

The performanc e o f  th e subject s i n th e presen t 
stud y i s significantl y highe r  tha n th e performanc e o f 
th e subject s i n Ree d an d Johnse n (1977) .  On e 
possibl e explanatio n fo r  thi s differenc e i s tha t  th e 

stale s an d operator s o f  wate r  ja r  puzzle s ar e inherentl y 
easie r  t o remembe r  tha n th e state s an d operator s o f 
rive r  crossin g puzzles .  A  secon d possibl e explanatio n 
i s tha t  th e compute r  sy.ste m use d i n th e presen t  stud y 
delivere d th e memor y tes t  mor e promptly ,  thu s 
minimizin g deca y o f  th e memor y trace .  Finally ,  th e 
differenc e i n performanc e leve l  migh t  onl y represen t 
normal  samplin g variation .  Thes e hypothese s canno t 
be evaluate d withou t  furthe r  data . 

Give n tha t  memor y fo r  proble m solvin g step s i s 
good bu t  no t  perfect ,  i t  woul d b e usefu l  t o kno w i f 
some type s o f  proble m solvin g step s ar e remembere d 
bette r  tha n others .  Tabl e 2  show s memor y accurac y 
and confidenc e judgment s fro m Experiment s 1  an d 2 
fo r  fou r  differen t  type s o f  steps .  "Fina l  step "  i s th e 
actio n o f  indicatin g tha t  th e goa l  stal e ha s bee n 
reached ,  "move s o n path "  ar e pourin g action s o n th e 
subject' s pat h t o th e goa l  state ,  "move s of f  path "  ar e 
pourin g action s tha t  lea d awa y fro m tha t  path ; 
"corrections "  includ e bot h backup s an d restarts .  Th e 
same patter n i s reproduce d i n bot h experiment s an d i n 
bot h variables :  Finishin g action s ar e remembere d 
almos t  perfectly ;  move s o n pat h ar e remembere d 
bette r  tha n move s of f  path ,  whic h i n tur n ar e 
remembere d bette r  tha n correctio n steps .  Thi s pattern , 
i f  replicate d i n futur e studies ,  support s learnin g 
mechanism s whic h induc e ne w proble m solvin g rule s 
fro m correc t  step s (e .  g. ,  composition ,  generalization ) 
ove r  mechanism s whic h deriv e ne w rule s fro m 
incorrec t  step s an d error s (e .  g. ,  constrain t  violation , 
discrimination) . 

Tabl e 2 .  Memor y accurac y an d confidenc e judgement s fo r  step s tha t  finish  a  problem ,  move s o n path ,  move s of f 
path ,  an d corrections ,  fo r  al l  subject s i n Experiment s 1  an d 2 .  Confidenc e wa s rate d o n a  five-point  scal e o n whic h 5 
indicate d highes t  confidence . 

Typ e o f  proble m solvin g ste p 

Experimen t 

Exp.  1 :  Pat h retracin g 

Accurac y 

Confidenc e 

Exp.  2 :  Operato r  recal l 

Accurac y 

Confidenc e 

Fina l 
ste p 

.9 6 

4. 3 

.9 7 

4. 7 

Moves 
on pat h 

.7 6 

3. 6 

.7 9 

3. 3 

Moves 
of f  pat h 

.7 3 

3. 0 

.5 6 

3. 0 

Correctio n 
step s 

.4 3 

2. 0 

.2 4 

2. 0 
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I t  i s  possibl e tha t  th e subject s change d ihci r 
behavio r  o n th e proble m solvin g task s s o a s l o 
maximiz e thei r  performanc e o n th e memor y tests .  Fo r 
example ,  the y migh t  hav e rehearse d eac h proble m 
solvin g step ,  somethin g the y probabl y woul d no t 
normall y d o durin g proble m solving .  Thi s possibilit y 
canno t  b e conclusivel y rule d ou t  o n th e basi s o f  th e 
presen t  data .  Bu t  thre e aspect s o f  th e dat a argu e 
agains t  thi s possibility .  First ,  th e subject s learne d t o 
solv e wate r  ja r  problems ;  thei r  proble m solvin g 
performanc e improve d acros s trials .  Hence ,  the y di d 
not  ignor e th e proble m solvin g task .  Second ,  i f  th e 
subject s use d variou s strategie s fo r  maximizin g thei r 
memory performance ,  the n w e woul d expec t  thei r 
memory performanc e t o improv e acros s trials ,  bu t 
thi s wa s no t  th e case .  Third ,  althoug h on e ca n 
imagin e tha t  rehearsa l  o f  step s woul d hel p memor y 
performanc e o n th e first  thre e experiments ,  i t  i s no t 
obviou s wha t  kin d o f  memor y strateg y on e coul d us e 
t o improv e performanc e o n th e orde r  recognitio n test . 
But  th e subject s performe d wel l  o n thi s tes t  also . 

I t  i s  als o possibl e tha t  th e subject s ignore d th e 
instructio n t o respon d t o th e memor y item s b y tryin g 
t o remembe r  wha t  the y di d durin g proble m solving , 
and instea d answere d the m b y re-solvin g th e problem . 
Thi s possibilit y  canno t  b e conclusivel y rule d out . 
However ,  re-solvin g th e proble m i s obviousl y easie r 
t o d o whil e retracin g a  solutio n pat h tha n whil e 
recallin g operator s i n rando m order ,  whic h implie s 
tha t  th e subject s shoul d hav e performe d significantl y 
bette r  i n Experimen t  1  tha n i n Experimen t  2 .  Bu t  thi s 
was no t  th e case . 

The result s o f  thi s stud y suppor t  th e notio n tha t 
peopl e stor e a  detaile d descriptio n o f  thei r  ow n 
proble m solvin g behavio r  whil e solvin g problems . 
The conclusio n implie s tha t  i t  i s  possibl e tha t  peopl e 
lear n ne w rule s throug h inductio n ove r  pas t  proble m 
solvin g steps .  Th e presen t  stud y doe s no t  addres s th e 
questio n whether ,  i n fact ,  ther e i s a  causa l  lin k 
betwee n memor y storag e an d procedura l  learning .  I f 
ther e i s suc h a  link ,  on e woul d expec t  rat e o f 
procedura l  learnin g t o b e predictabl e fro m memor y 
performance .  Bu t  th e dat a presente d her e canno t  b e 
used t o investigat e th e correlatio n betwee n memor y 
performanc e an d proble m solvin g performance ,  fo r 
tw o reasons .  First ,  i t  i s  no t  clea r  ho w t o comput e a 
measur e o f  rat e o f  learnin g fro m thes e data .  Second , 
th e uniforml y hig h performanc e o n th e memor y test s 
cause s a  restrictio n o f  rang e o n th e presume d predicto r 
variable ,  precludin g finding  a  significan t  correlation , 
even i f  i t  exists .  Tryin g t o predic t  rat e o f  procedura l 
learnin g fro m memor y performanc e i s a  tas k fo r  th e 
future .  Th e presen t  stud y doe s no t  prov e tha t  ou r 
curren t  theor y o f  procedura l  learnin g i s true ,  bu t  i t 
provide s suppor t  fo r  on e o f  it s basi c assumptions , 
suppor t  whic h i s independen t  o f  th e learnin g curve s 
tha t  prompte d th e formulatio n o f  th e theory . 
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