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G o a l  Specificit y a n d L e a r n i n g :  Re in te rp re ta t i o n o f  th e D a t a a n d C o g n i t i v e T h e o r y 

Adisack Nhouyvanisvong (adisack(a>andrew.cmu.edu) 
Departmen t  o f  Psychology ,  Carnegi e Mello n Universit y 

Pittsburgh ,  P A 1521 3 

Kenneth R. Koedinger (koedingerCajcmu.edu) 
Human-Compute r  Interactio n Institute ,  Carnegi e Mello n Universit y 

Pittsburgh ,  P A 1521 3 

Abstrac t 

In this paper, we review the literature on the relation 
betwee n solvin g nonspecifi c  goa l  problem s an d learning . 
Researc h ha s show n tha t  reduce d goal-specificit y 
facilitate s learnin g o f  rule s an d principle s o f  th e targe t 
domain .  Researcher s hav e accounte d fo r  thi s effec t  usin g a 
cognitiv e loa d theor y (Sweller ,  1988 )  an d a  dua l  spac e 
theor y o f  proble m solvin g (Vollmeyer ,  Bums ,  &  Holyoak , 
1996) .  Othe r  researcher s hav e show n tha t  learnin g ca n b e 
bot h facilitate d b y nonspecifi c  a s wel l  a s specifi c  goal s an d 
accoun t  fo r  thei r  finding s usin g goa l  appropriatenes s 
theor y (Miller ,  Lehman .  &  Koedinger ,  1997) .  W e judg e 
eac h theoretica l  accoun t  b y evaluatin g thei r  consistencie s 
wit h unifie d theorie s o f  cognitio n an d othe r  empirica l  data . 
We not e th e shortcoming s o f  th e eac h theor y an d 
incorporat e element s o f  eac h t o explai n al l  th e data . 

Introduction 

Th e specificit y o f  th e goa l  o f  a  proble m ca n b e quit e varied . 
Th e goa l  ca n b e ver y specific .  Fo r  example ,  i n orde r  t o ge t 
lunch ,  a  perso n shor t  o n cas h migh t  se t  a  specifi c  goa l  t o g o 
t o th e ban k o n Firs t  Stree t  befor e goin g t o lunch .  A  studen t 
solvin g a  geometr y proble m migh t  b e aske d t o find  th e 
valu e o f  a  particula r  angl e i n a  give n diagram .  O n th e othe r 
hand ,  th e goa l  ca n b e relativel y nonspecific .  T h e perso n 
shor t  o n cas h migh t  se t  a  nonspecifi c  goa l  t o g o ge t  cas h 
befor e lunch .  T h e geometr y studen t  migh t  b e aske d t o find 
th e value s o f  al l  angle s i n th e figure. 

A numbe r  o f  researcher s hav e explore d th e relatio n 
betwee n goa l  specificit y an d learnin g addressin g th e 
question :  D o student s lear a mor e fi-om  solvin g problem s 
wit h specifi c  goal s o r  non-specifi c  goals ? Thi s questio n i s 
relate d t o th e mor e genera l  debat e abou t  discover y learning : 
Do student s lear n mor e w h e n give n specifi c  task s o r  whe n 
give n open-ende d discover y tasks ? Inspectio n o f  th e 
researc h literatur e o n thes e question s lead s unequivocall y t o 
th e answe r  "I t  depends!" .  Th e goa l  o f  thi s pape r  i s  t o 
clarif y wha t  i t  depend s on ,  namely ,  unde r  wha t 
circumstance s d o nonspecifi c  goa l  problem s lea d t o bette r 
learnin g an d w h e n d o the y lea d t o poore r  learning ? Th e 
approac h i s fu-st ,  t o systematicall y investigat e th e theoretica l 
conjecture s diflferen t  researcher s us e t o explai n thei r 
^parentl y conflictin g result s an d second ,  t o sif t  thes e 
conjecture s throug h th e filter  o f  unifie d theorie s o f  cognition , 
A C T - R (Anderson ,  1993 )  an d Soa r  (Newell ,  1990) . 

R e d u c e d - G o a l  Specificit y Effec t 

Swelle r  an d hi s colleague s (Sweller ,  M a w e r ,  &  Ward ,  1983 ; 
O w en &  Sweller ,  1985 ;  Sweller ,  1988 )  ca n b e credite d wit h 
originatin g investigation s o f  th e relationshi p betwee n goa l 
specificit y an d learning .  I n thei r  studies ,  the y hav e 
consistentl y foun d tha t  student s lear a mor e i n nonspecifi c 
goa l  condition s tha n i n specifi c  goa l  conditions .  Fo r 
example ,  a  nonspecifi c  goa l  geometr y proble m m a y as k a 
proble m solve r  t o find  al l  th e angle s i n a  figure.  Th e goa l  o f 
suc h a  proble m i s  nonspecifi c i n tha t  i t  doe s no t  as k fo r  a 
specifi c  valu e fo r  a  specifi c  angle .  I n th e specifi c  goa l 
condition ,  stud y participant s ar e instea d aske d fo r  a  specifi c 
angle .  Swelle r  e t  al .  (1983 )  foun d tha t  nonspecifi c  goa l 
participant s acquire d appropriat e proble m schema s bette r 
tha n specifi c  goa l  participants . 

Sweller ,  Mawer ,  &  W a r d (1983 )  als o foun d tha t 
participant s w h o solve d nonspecifi c  goa l  physic s problem s 
exhibite d behavio r  mor e characteristi c o f  expertis e tha n 
participant s w h o solve d specifi c goa l  physic s problems . 
Initially ,  participant s i n bot h group s solve d a  se t  o f  specifi c 
goa l  problem s b y usin g means-end s analysis .  However , 
onl y th e participant s w h o solve d a  se t  o f  nonspecifi c  goa l 
problem s switche d t o a  forward-workin g strateg y o n th e las t 
set  o f  specifi c  goa l  problems .  I n contrast ,  participant s wh o 
solve d onl y specifi c  goa l  problem s continue d t o us e means -
end s analysis . 

Means-end s analysi s i s characterize d b y workin g backwar d 
fi-om  th e goa l  stat e an d settin g subgoal s t o reduc e th e 
differenc e betwee n th e curren t  stat e an d th e goa l  state . 
Larkin ,  McDermott ,  Simon ,  an d Simo n (1980 )  an d Simo n 
and S imo n (1978 )  foun d tha t  novic e physic s proble m 
solver s use d means-end s analysi s t o solv e th e problems . 
On th e othe r  hand ,  exper t  proble m solver s use d a  working -
forwar d strateg y (se e also ,  Koedinge r  &  Anderson ,  1990) . 
Th e expert s wer e abl e t o recogniz e an d choos e th e 
appropriat e equation s tha t  lea d t o th e goa l  an d appl y the m 
immediately . 

I n additio n t o th e expert-lik e strateg y use ,  Swelle r  e t  al . 
(1983 )  foun d tha t  th e nonspecifi c  goa l  participant s wrot e 
significantl y fewe r  equation s withou t  variabl e substitutio n t o 
solv e thes e problems .  The y als o solve d thes e problem s 
wit h fewe r  moves .  Thes e behavior s ar e als o characteristi c c f 
expertise .  I n contrast ,  participant s i n th e specifi c goa l  grou p 
wrot e equation s tha t  require d variabl e substitutio n (i.e. , 
equation s wit h tw o unknow n variables) ,  an d performe d th e 
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same numbe r  o f  move s t o solv e th e final  se t  o f  problem s a s 
the y di d o n th e initia l  problems .  Thes e result s als o indicat e 
tha t  th e participant s w h o solve d nonspecifi c  goa l  problem s 
develope d expertise . 

Simila r  result s hav e bee n foun d wit h geometr y an d 
trigonometr y problems .  I n a  serie s o f  studie s simila r  i n 
desig n t o th e physic s studies ,  Swelle r  e t  al .  (1983 )  foun d 
tha t  reduce d goa l  specificit y o n geometr y problem s als o 
facilitate d th e switc h from a  means-end s t o a  forward -
woridng  strategy .  Mor e participant s i n th e nonspecifi c  goa l 
conditio n use d a  forward-workin g strateg y o n th e final 
problem s tha n participant s i n th e specifi c  goa l  condition .  I n 
thei r  experiment s testin g th e participant s abilit y  t o appl y th e 
sine ,  cosine ,  an d tangen t  trigonometri c ratios ,  O w e n an d 
Swelle r  (1985 )  foun d tha t  participant s w h o wen t  throug h a 
nonspecifi c  goa l  acquisitio n phas e committe d fewe r  error s a t 
post-test .  Mor e importantly ,  the y committe d fewo -
fundamenta l  errors ,  i.e. ,  basi c error s indicatin g th e lac k o f 
understandin g o f  th e meanin g o f  eac h trigonometri c ratio , 
when t o appl y it ,  an d h o w t o appl y it .  Furthermore ,  o n a 
structurall y differen t  trigonometr y proble m give n afte r  th e 
post-test ,  participant s i n th e nonspecifi c  goa l  grou p 
continue d t o commi t  fewe r  fundamenta l  errors . 

Take n together ,  thes e result s appea r  t o provid e a  stron g 
case ,  a t  leas t  unde r  th e condition s studied ,  tha t  learnin g i s 
more eflFectiv e whe n student s practic e wit h nonspecifi c  goa l 
problem s rathe r  tha n specifi c  goa l  problems .  W h y migh t 
thi s b e so ? 

Cognitive Load Theory 

Swelle r  an d colleague s (Owe n &  Sweller ,  1985 ;  Sweller , 
1988 )  hav e propose d a n explanatio n fo r  th e positiv e effect s o f 
nonspecifi c  goa l  problem s o n learnin g a s illustrate d b y link s 
1,  2 ,  an d 3  i n Figur e 1 .  Proble m solver s ten d t o solv e 
nonspecifi c  goa l  problem s usin g a  forward-workin g strateg y 
(lin k 1 )  whil e thos e solvin g specifi c  goa l  problem s ten d t o 
use a  means-end s strateg y a s wa s demonstrate d i n Swelle r  e t 
al .  (1983) . 

Further ,  Swelle r  (1988 ,  O w e n &  Sweller ,  1985 )  argue s 
tha t  means-end s analysis ,  wit h it s emphasi s o n subgoa l 
storag e an d differenc e reduction ,  i s  taxin g t o a  limite d 
cognitiv e processin g capacity .  A  forward-workin g strategy , 
i n contrast ,  doe s no t  requir e subgoa l  storag e an d thu s 
require s les s cognitiv e loa d (lin k 2  i n Figur e 1) .  Th e final 
ste p i n Sweller' s argumen t  (lin k 3 )  i s tha t  sinc e mor e 
cognitiv e resourc e i s require d t o us e a  means-end s strategy , 
ther e i s les s resourc e tha t  ca n b e allocate d t o th e learnin g o f 
rules .  Or ,  t o stat e i t  th e othe r  way ,  a  forward-woikin g 
strateg y require s les s cognitiv e resourc e an d thu s ther e i s 
more availabl e t o learning . 

What  evidenc e i s ther e t o suppor t  Sweller' s argumen t  tha t 
means-end s analysi s place s a  heav y loa d o n thi s resourc e 
(lin k 2) ? Swelle r  presente d som e indirec t  evidenc e 
consistin g o f  performanc e characteristic s o f  th e strategie s 
used .  H e foun d tha t  solutio n time s ar e longe r  an d 
mathematica l  error s mor e frequent  w h e n participant s us e a 
means-end s strateg y (Owe n &  Sweller ,  1985) .  Swelle r 
(1988 )  als o provide d a  theoretica l  argumen t  i n th e for m o f  a 
cognitiv e mode l  tha t  showe d means-end s strateg y requirin g 
more cognitiv e resource s tha n a  working-forwar d strategy . 

I n particula r  hi s productio n syste m mode l  illustrate d tha t 
mor e productions ,  cycles ,  an d condition s mus t  b e matche d 
t o implemen t  a  means-end s strateg y compare d t o a  working -
forwar d strategy . 

Swelle r  (1988 )  als o gav e som e direc t  evidenc e fo r  hi s 
cognitiv e loa d theory .  I n a n experimen t  wit h trigonometr y 
problems ,  i n additio n t o th e primar y tas k o f  solvin g th e 
problems ,  participant s performe d th e secondar y tas k o f 
reproducin g th e proble m structur e an d correc t  solutio n pat h 
on precedin g problems .  Th e hypothesi s wa s tha t  i f  means -
end s analysi s require s mor e cognitiv e load ,  fewe r  resource s 
woul d b e availabl e t o perfor m th e secondar y task .  Swelle r 
foun d tha t  participant s w h o solve d specifi c  goa l  problem s b y 
usin g means-end s analysi s performe d mor e poorl y o n th e 
secondar y tas k b y committin g fewe r  error s i n reproducin g 
th e structur e an d solutio n pat h o f  previou s problems .  Thi s 
support s th e hypothesi s tha t  mor e exces s capacit y i s 
availabl e whe n solvin g nonspecifi c  goa l  problem s tha n 
conventiona l  problem s (Sweller ,  1988) . 

Th e propositio n tha t  cognitiv e loa d ha s a  direc t  influenc e 
on learnin g (lin k 3 ,  i n Figur e 1 )  i s inconsisten t  wit h th e 
A C T - R (Anderson ,  1993 )  an d Soa r  (Newell ,  1993 )  theorie s 
of  cognition .  I n A C T - R ,  learnin g result s from  successfull y 
analogizin g from  pas t  example s (Anderson ,  1993) .  Thus , 
learnin g occur s whe n a  correc t  representatio n o f  th e curren t 
sitiiatio n ha s bee n mappe d t o a n analogou s pas t  situation . 
I n Soar ,  learnin g occur s whe n n e w chunk s ar e create d t o 
remed y a n impass e durin g proble m solvin g (Newell ,  1990) . 
Under  bot h o f  thes e unifie d theorie s o f  cognition ,  learnin g 
mechanism s d o no t  dra w o n cognitiv e resource s an d thus , 
cognitiv e loa d canno t  hav e a  direc t  impac t  o n learning . 

A n alternativ e explanatio n fo r  th e relatio n betwee n 
cognitiv e loa d an d learnin g i s tha t  rathe r  tha n a  direc t  link , 
ther e i s a n indirec t  lin k betwee n cognitiv e loa d an d 
performanc e (lin k 9) .  Swelle r  ha s show n tha t  unde r 
condition s o f  les s cognitiv e load ,  participant s i n th e worke d 
exampl e conditio n commi t  fewe r  error s durin g acquisitio n 
tha n participant s w h o solve d conventiona l  problem s 
(Swelle r  &  Cooper ,  1985) .  Th e enhance d performanc e 
durin g acquisitio n m a y accoun t  fo r  th e learnin g o n th e post -
tes t  (lin k 10) .  Thi s explanatio n the n i s consisten t  wit h 
bot h theor y an d results . 

Othe r  researcher s hav e propose d alternativ e theorie s fo r 
w hy nonspecifi c  goal s ca n lea d t o bette r  learning .  Further , 
ther e ar e als o som e experimenta l  result s i n whic h th e 
specifi c  goal s lea d t o mor e learning ,  suggesting ,  a t  best ,  th e 
nee d fo r  boundar y condition s o n th e Cognitiv e Loa d theory . 

Alternative Theoretical Accounts 

The task s an d problem s use d b y Swelle r  wer e quit e simple . 
The mathematic s problem s require d knowledg e o f  onl y tw o 
or  thre e theorem s o r  principles .  N o on e ha s trie d t o 
replicat e thes e result s fo r  a  bigge r  searc h spac e i n domain s 
simila r  t o Sweller's .  However ,  othe r  researcher s hav e 
explore d goa l  specificit y i n differen t  domains . 

Vollmeyer ,  B u m s ,  an d Holyoa k (1996) ,  usin g a  dynami c 
proble m solvin g environment ,  foun d advantage s c f 
nonspecifi c  goa l  proble m solvin g ove r  specifi c  goa l  proble m 
solving .  I n a  biology-la b simulation ,  participant s wer e 
aske d t o explor e an d lear n th e system .  Th e nonspecifi c  goa l 
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grou p wa s no t  give n an y goal s t o ai m fo r  durin g th e 
learnin g rounds .  However ,  th e specifi c  goa l  grou p wa s 

informe d o f  th e goa l  durin g th e learnin g rounds .  Learnin g 
or  solvin g th e biology-la b syste m require s relativel y 
comple x inductio n no t  onl y o f  th e connection s betwee n fou r 
inpu t  an d fou r  outpu t  variables ,  bu t  als o th e strength s o f 
connections .  A s the y learne d th e system ,  th e participant s 
complete d a  structur e diagra m t o indicat e h o w the y believe d 
th e inpu t  variable s affecte d th e outpu t  variables .  I n th e 
solutio n round ,  bot h group s wer e aske d t o brin g th e 
biology-la b t o a  specifie d state ,  whic h wa s th e sam e a s th e 
specifi c  goa l  grou p ha d dxuin g th e learnin g rounds .  I n th e 
transfe r  round ,  bot h group s wer e aske d t o brin g th e syste m 
t o a  n e w stat e no t  see n befor e b y eithe r  group . 

Vollmeye r  e t  al .  (1996 )  foun d tha t  th e nonspecifi c  goa l 
grou p produce d bette r  structur e diagrams ,  bu t  bot h group s 
performe d equall y wel l  i n th e solutio n round .  However ,  th e 
nonspecifi c goa l  grou p committe d fewe r  error s i n th e transfe r 
roun d tha n thos e i n th e specifi c  goa l  group .  Thi s resul t 
suggest s tha t  acquisitio n o f  th e structur e an d rule s o f  th e 
syste m wa s fostere d b y usin g a  nonspecifi c  goal . 

Stevenso n an d Gedde s (1997 )  foun d analogou s result s 
wit h thei r  dynami c contro l  task .  Th e tas k require d 
participant s t o interac t  wit h a  "compute r  person "  name d 
Clegg .  Th e nonspecifi c  goa l  grou p wer e aske d t o pla y wit h 
Cleg g t o find  ou t  th e patter n tha t  explaine d hi s behavior . 
Th e specifi c  goa l  grou p wer e aske d t o lear n h o w Cleg g 
operate d b y tryin g t o brin g hi m t o a  specifie d emotiona l 
stat e (e.g. ,  "mak e Cleg g ver y fiiendly"). 

Stevenso n an d Gedde s (1997 )  foun d tha t  participant s i n 
th e nonspecifi c  goa l  conditio n outperforme d participant s i n 
th e specifi c  goa l  condition .  The y wer e bette r  abl e t o predic t 
Clegg' s respons e o n late r  tes t  trials .  The y als o provide d 
bette r  rule s describin g Clegg' s behavior . 

H o w d o thes e researcher s accoun t  fo r  thei r  results ? 
Thoug h th e result s ar e simila r  t o Sweller' s results ,  instea d 
of  usin g a  cognitiv e loa d account ,  thes e researcher s accoun t 
fo r  thei r  dat a wit h a  dua l  spac e theor y o f  learning . 

D u a l  S p a c e T h e o r y 

Simo n an d Le a (1974 )  define d tw o space s wher e searc h 

diuin g proble m solvin g ca n occur :  instanc e spac e an d ml e 
space .  The y propose d tha t  a  searc h i n instanc e spac e i s 
characterize d b y testin g a  ne w stat e agains t  a  goa l  state . 
Thi s behavio r  i s a n essentia l  featur e i n proble m solving . 
However ,  w h e n a  proble m solve r  examine s th e rul e spac e b y 
generatin g a  hypothesi s (i.e. ,  a  possibl e "rule" ,  a s oppose d 
t o a  specifi c  instance )  an d experimentin g i n th e instanc e 
spac e t o tes t  th e validit y o f  th e hypothesis ,  thi s behavio r  i s 
characteristi c o f  learning .  A  proble m solve r  engage s i n ml e 
inductio n whe n h e o r  sh e make s connection s betwee n th e 
rul e spac e an d th e instanc e space .  Klah r  an d Dunba r  (1988 ) 
hav e propose d a n analogou s dua l  spac e theor y consistin g o f 
hypothesi s spac e an d experimen t  space . 

Applyin g th e dua l  spac e theor y describe d above , 
Vollmeye r  e t  al .  (1996 )  suggeste d tha t  nonspecifi c  goa l 
problem s accelerat e th e inductio n o f  rule s b y encouragin g 
proble m solver s t o searc h throug h hypothesi s spac e (se e lin k 
4 o f  Figur e 1) .  O n th e othe r  hand ,  specifi c  goa l  problem s 
promot e th e searc h throug h instanc e o r  experimen t  spac e 
alone ,  whic h m a y b e a n effectiv e metho d fo r  finding a 
solutio n t o a  proble m bu t  i s no t  conduciv e fo r  learnin g 
genera l  rule s an d principles .  Thus ,  participant s i n specifi c 
goa l  condition s ar e les s ap t  t o induc e rule s abou t  th e 
proble m structure . 

Stevenso n an d Gedde s (1997 )  similarl y interprete d thei r 
result s wit h a  dua l  spac e theory .  The y suggeste d tha t  th e 
rul e learnin g tha t  wa s facilitate d b y nonspecifi c  goal s an d th e 
instanc e learnin g tha t  wa s fostere d b y specifi c  goal s ca n b e 
bes t  accounte d fo r  b y a  dua l  spac e model .  Specifi c  goal s 
appea r  t o lea d t o th e acquisitio n o f  mor e superficia l  relation s 
("withou t  understanding "  a s educator s woul d say )  whil e 
nonspecifi c  goa l  problem s lea d t o th e acquisitio n o f  deepe r 
domai n principle s (learnin g "wit h understanding") .  Thi s 
misdirecte d attentio n prevent s th e learnin g o f  rules . 

Goal Appropriateness Theory 

Miller ,  Lehman ,  an d Koedinge r  (1997 )  foun d tha t  free 
exploratio n (nonspecifi c  goa l  proble m solving )  wa s no t  th e 

Nonspecifi c  Goal s L 

Specifi c  Goal s 

/ 
^  4 

Workin g Forwar d 2 
M 

More Hypothesi s Spac e Searc h 

1 Mor e Appropriat e Goal s 

Less i-ogiuuv e Lx>a a 

5 

k ' 

\ 3 

\ 

Enhance d Performanc e \ } ^ \ ^ 
'  •- .  ̂ V 

: » - ^ 

^^ 

8 ^ 

" 

/ 

More Effectiv e Learnin g 

Figur e 1 :  Alternativ e explanation s fo r  th e relatio n betwee n goa l  specificit y an d learning . 
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onl y conditio n tha t  ba d a  positiv e influenc e o n learning . 
Thes e author s use d a  microworl d calle d Electri c Fiel d 
Hocke y (EFH )  t o tes t  th e specificit y o f  th e goa l  o n learning . 
The pedagogica l  goa l  o f  thi s interactiv e microworl d wa. s t o 
hel p student s develo p a  qualitativ e understandin g o f  th e 
physic s o f  electrica l  interaction .  T h e immediat e goa l  o f  th e 
E FH compute r  g a m e w a s t o maneuve r  "pucks "  int o net s 
analogou s t o th e spor t  o f  hockey . 

The author s foun d tha t  thei r  EFH-Soa r  mode l  o f  learnin g 
i n th e standar d goa l  conditio n w a s abl e t o becom e skille d a t 
th e game .  However ,  i t  di d no t  lear n th e underlyin g physic s 
principles .  Mille r  e t  al .  hypothesize d tha t  b y changin g th e 
tas k s o tha t  participant s woul d hav e t o follo w a  specifi c 
path ,  the y woul d hav e t o emplo y underlyin g physics 
principles .  T o tes t  thei r  hypothesis ,  th e author s use d thre e 
conditions .  Student s i n th e nonspecifi c  conditio n wer e aske d 
t o freely  explor e th e E F H environmen t  (the y playe d wit h 
charge s an d thei r  interaction-n o hockey-We e goa l  wa s 

presente d o n th e screen) .  Student s i n th e standard-goa l 
conditio n wer e aske d t o pla y th e E F H g a m e an d tr y t o ge t 
th e puc k int o th e net .  Student s i n th e specific-pat h 
conditio n wer e aske d t o ge t  th e puc k int o th e ne t  b y 
followin g a  specifie d pat h outline d fo r  them .  T h e author s 
posite d tha t  th e specific-pat h wa s mor e likel y t o requir e 
physic s principle s an d thu s b e mor e difficul t  an d demandin g 
of  cognitiv e load . 

Thes e author s foun d tha t  student s i n th e explorator y 
learnin g (nonspecifi c  goal )  conditio n learne d th e physics 
principle s bette r  tha n student s i n th e conventiona l  standard -
goal  condition .  Thi s w a s illustrate d b y thei r  highe r  score s 
on a  post-tes t  consistin g o f  question s create d t o asses s thei r 
acquisitio n o f  th e underlyin g physic s principles .  However , 
student s i n th e specific-pat h conditio n als o performe d bette r 
on th e post-tes t  tha n student s i n th e standard-goa l 
condition .  Note ,  th e specific-pat h conditio n i s mor e 
detaile d an d "specific "  tha n th e "standar d goal "  conditio n 
tha t  i s  mos t  lik e th e conditio n use d b y Swelle r  an d othe r 
researchers .  I n addition ,  student s i n th e specific-pat h 
conditio n progresse d mor e slowl y throug h th e level s o f  th e 
microworl d tha n student s i n th e standard-goa l  condition . 
Thi s resul t  suggest s tha t  th e specific-pat h conditio n wa s 
more difficul t  tha n th e standard-goa l  condition . 

Obviously ,  thes e result s contradic t  thos e o f  Sweller' s an d 
canno t  b e accounte d fo r  b y Cognitiv e Loa d theory .  H o w 
can a n eve n mor e specifi c  goal ,  whic h presumabl y i s mor e 
taxin g o n cognitiv e resource s tha n a  conventiona l  goal , 
resul t  i n bette r  learning ? 

Perhaps ,  i t  i s  no t  th e specificit y o f  th e goa l  pe r  s e tha t 
affect s learning .  Rather ,  learnin g m a y b e influence d b y th e 
appropriatenes s o f  th e goa l  an d subgoal s tha t  i t  elicit s t o th e 
targe t  activitie s tha t  ar e th e objective s o f  instruction .  W h a t 
matter s i s tha t  th e goa l  i s  pedagogicall y relate d t o th e tas k 
at  hand .  So ,  i f  eithe r  goa l  (specifi c  o r  nonspecific )  elicit s 
pedagogicall y relevan t  knowledge ,  i t  wil l  lea d proble m 
solver s t o engag e i n a  searc h o f  hypothesi s spac e tha t  wil l 
resul t  i n effectiv e learning .  Thus ,  contrar y t o Sweller , 
Mille r  e t  al .  (1997 )  sugges t  tha t  learnin g m a y b e achieve d 
eithe r  throug h solvin g specifi c  o r  nonspecifi c  goa l  problem s 
(se e Figur e 1 ,  link s 6 ,  7 ,  an d 8) . 

Under  a  Goa l  Appropriatenes s account .  Mille r  e t  al . 
sugges t  tha t  student s i n th e nonspecifi c  goa l  conditio n 
learne d th e principle s o f  physics  becaus e the y se t  appropriat e 
goal s fo r  themselve s (lin k  6) .  Student s i n th e specific-pat h 
conditio n ha d th e appropriat e goal s se t  fo r  the m (lin k 7) . 
However ,  student s i n th e standard-goa l  conditio n ba d a n 
inappropriat e goa l  se t  fo r  them .  Thei r  goa l  w a s t o ge t  th e 
puc k int o th e net .  I n othe r  words ,  thei r  goa l  w a s t o pla y th e 
game.  I n contrast ,  student s i n th e nonspecifi c  an d specifi c 
goa l  condition s se t  o r  wer e give n specifi c  pedagogica l  goals . 
Thus ,  thei r  goal s wer e appropriat e an d lea d t o mor e effectiv e 
learnin g o f  th e principle s o f  physic s (lin k  8) . 

Th e findings fix)m  C b a m e y ,  Reder ,  an d Kusbi t  (1990 ) 
provid e additiona l  suppor t  fo r  a  goal-appropriat e account . 
Thes e researcher s traine d participant s o n a  compute r 
spreadshee t  apphcation .  Participant s eithe r  trie d t o lear n th e 
syste m throug h a  problem-solvin g tutoria l  o r  throug h free 
exploration .  I n th e proble m solvin g tutoria l  (specifi c  goal ) 
condition ,  participant s wer e give n problem s wit h specifi c 
goal s t o solve .  Participant s i n th e free  exploratio n 
(nonspecifi c  goal )  conditio n wer e allowe d t o se t  u p thei r 
o wn goal s t o lear n th e system . 

C h a m e y,  Reder ,  an d Kusbi t  (1990 )  foun d tha t  participant s 
learne d th e spreadshee t  applicatio n bette r  w h e n the y wen t 
throug h a  problem-solvin g tutorial .  Th e tutoria l  se t  m a n y 
specifi c  goal s fo r  th e student s t o solve .  I t  teste d the m o n 
skill s  an d c o m m a n d s relevan t  t o learnin g th e spreadsheet . 
I n othe r  words ,  i t  se t  appropriat e goal s fo r  the m t o lea m th e 
application .  O n th e othe r  hand ,  student s i n th e free 
exploratio n conditio n di d no t  lear a th e applicatio n becaus e 
the y di d no t  se t  appropriat e goal s t o lea m it .  Thes e 
student s wer e compute r  novice s an d wer e no t  awar e o f  th e 
fiinction  an d utilit y  o f  a  spreadsheet .  Thus ,  a s C h a m e y e t 
al .  (1990 )  suggested ,  th e student s i n th e nonspecifi c  goa l 
conditio n coul d no t  se t  appropriat e goal s fo r  themselves . 

Not e th e result s o f  C h a m e y ,  Reder ,  an d Kusbi t  (1990 )  di d 
not  repUcat e thos e o f  earlie r  discover y learnin g studies .  Fo r 
example ,  Carroll ,  Mack ,  Lewis ,  Grischkowsky ,  an d 
Robertso n (1985 )  foun d tha t  participant s w h o explore d 
(calle d "guide d exploration "  b y th e authors )  a  wor d 
processo r  learne d th e progra m bette r  tha n participant s w h o 
followe d a  conventiona l  tutorial .  Thes e participant s wer e 
guide d i n thei r  exploratio n o f  th e wor d processo r  b y functio n 
card s whic h gav e the m hint s (rathe r  tha n step-by-ste p 
specification s give n b y th e manual )  t o se t  u p goal s t o 
perfor m a  targete d function .  Th e participant s w h o followe d 
th e self-stud y manua l  ha d difficult y recognizin g an d 
adoptin g th e appropriat e goals . 

I n addition ,  a s note d b y C h a m e y e t  al ,  participant s i n th e 
Carrol l  e t  al .  stud y wer e no t  naiv e t o th e functio n o f  th e 
wor d processin g program .  Th e participant s wer e temporar y 
offic e worker s w h o wer e skille d typist s an d ha d relevan t 
knowledg e o f  th e goal s an d strategie s use d t o produc e 
busines s letters .  Consequently ,  thes e participant s wer e abl e 
t o se t  specific ,  understandable ,  an d appropriat e goal s o n 
thei r  o w n (Carrol l  e t  al. ,  1985 ,  pp .  296-297) .  Thoug h th e 
dat a appea r  t o b e contradictory ,  th e Goa l  Appropriatenes s 
theor y account s fo r  th e result s fî o m bot h studies . 
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D i s c u s s i o n 

We hav e reviewe d evidenc e illustratin g th e benefit s o f 

solvin g problem s wit h nonspecifi c  goals .  Swelle r  an d hi s 
colleague s sugges t  tha t  nonspecifi c  goal s lea d t o mor e 
effectiv e learnin g becaus e the y promot e a  workin g forwar d 
strateg y whic h bear s littl e cognitiv e loa d (Sweller ,  1988) . 
Othe r  researchers ,  however ,  sugges t  th e nonspecifi c  goal s 
lea d t o mor e effectiv e learnin g becaus e the y induc e a  sciirc h 
throug h hypothesi s spac e (Vollmeye r  e t  al. ,  1996 ; 

Stevenso n &  Geddes ,  1997) .  A  thir d se t  o f  researcher s 
(Mille r  e t  al. ,  1997 ;  C h a m e y e t  al. ,  1990 )  sugges t  tha t 
irrespectiv e o f  th e specificit y o f  th e goal ,  learnin g i s mos t 
eflFectiv e w h e n proble m goal s ar e appropriat e an d 

pedagogicall y relate d t o th e tas k a t  hand . 
Althoug h thes e theorie s appea r  t o accoun t  fo r  th e result s o f 

studie s the y cam e fi^om,  d o the y generaliz e t o th e result s o f 
others '  experiments ? A n d d o the y d o s o i n a  w a y tha t  i s 
consisten t  wit h th e unifie d theories ,  A C T - R an d Soar ? 

Can th e cluste r  o f  result s supportin g th e dua l  spac e theor y 
(Vollmeye r  e t  al. ,  1996 ;  Stevenso n &  Geddes ,  1997 )  b e 
accounte d fo r  b y th e Cognitiv e Loa d o r  Goa l 
Appropriatenes s theories ? W e focu s o n th e Volhneye r 
result s t o investigat e thi s question . 

First ,  doe s Cognitiv e Loa d theor y accoun t  fo r  th e 
Vollmeye r  results ? A  straightforwar d applicatio n o f 
Cognitiv e Loa d theor y t o VoUmeyer' s tas k i s difficul t  sinc e 
i t  i s  no t  clea r  h o w th e nonspecifi c  goa l  conditio n i n thi s 
cas e woul d lea d t o a  workin g forwar d strateg y (lin k 1) . 
However ,  Vollmeye r  e t  al .  reporte d tha t  specifi c  goa l 
subjects ,  despit e bein g instructe d t o us e a  rule-inductio n 
strateg y (i.e. ,  var y on e thin g a t  a  time) ,  eventuall y switche d 
t o a  difference-reductio n strateg y (i.e. ,  iterativel y twea k 
multipl e inpu t  variable s t o achiev e th e specifie d outputs) . 
Thus ,  accordin g t o Cognitiv e Loa d theor y thes e subject s 
shoul d experienc e greate r  cognitiv e loa d (invers e o f  lin k 2 ) 
and therefor e les s effectiv e learnin g (invers e o f  Un k 3) . 

As discusse d above ,  th e direc t  relatio n betwee n cognitiv e 
loa d an d learnin g (lin k 3 )  i s inconsisten t  wit h A C T - R an d 
Soar .  Furthermore ,  th e dat a d o no t  eve n suppor t  th e 
modificatio n o f  Cognitiv e Loa d theor y (link s 9  an d 10 ) 
sinc e th e nonspecifi c  group ,  unde r  les s cognitiv e load ,  di d 
not  perfor m bette r  durin g training . 

Does Goa l  Appropriatenes s accoun t  fo r  th e Vollmeye r 
results ? Sinc e th e nonspecifi c  goa l  grou p wa s instructe d t o 
lear n th e rule s o f  th e system ,  the y operate d unde r  a n 
appropriat e goa l  t o perfor m wel l  i n th e transfe r  round .  The y 
als o performe d wel l  i n th e solutio n roun d becaus e the y ha d 
alread y learne d th e rule s o f  th e system .  Th e specifi c  goa l 
grou p performe d equall y wel l  i n th e solutio n roun d becaus e 
the y alread y ha d previou s attempt s a t  attainin g th e goal . 
Thus ,  thei r  goa l  wa s onl y appropriat e fo r  doin g wel l  i n th e 
solutio n round . 

Can th e cluste r  o f  result s supportin g th e Goa l 
Appropriatenes s theor y (Mille r  e t  al ,  1997 ;  C h a m e y e t  al. , 
1990 )  b e accounte d fo r  b y th e Cognitiv e Loa d o r  Dua l  Spac e 
theories ? W e focu s o n th e Mille r  result s t o investigat e thi s 
question . 

Th e findin g tha t  th e specific-pat h conditio n fi-om  Mille r  e t 
al. ,  whic h i s mor e "specific "  an d require s highe r  load , 
facilitate d learnin g i s inconsisten t  wit h Cognitiv e Loa d 

theory .  Th e Dua l  Spac e accoun t  als o canno t  explai n thi s 
effec t  Th e specific-pat h condition ,  m u c h lik e th e specifi c 
conditio n use d b y Vollmeye r  e t  al .  (1996 )  an d Stevenso n 
and Gedde s (1997) ,  require s th e proble m solve r  t o brin g th e 
syste m t o a  particula r  state .  Accordingly ,  Dua l  Spac e 
theor y predict s thi s t o lea d t o a  searc h o f  onl y instanc e spac e 
and consequentl y shoul d no t  facilitat e learning . 

Unlik e Cognitiv e Loa d theory .  Goa l  Appropriatenes s 
theor y suggest s tha t  cognitiv e loa d shoul d no t  hav e a  direc t 
effec t  o n teaming .  Wha t  i s importan t  i s tha t  th e goal s brin g 
t o bea r  knowledg e require d t o interac t  successfull y wit h th e 
system .  Thus ,  a s Mille r  e t  al .  suggested ,  solvin g goal-base d 
problem s wil l  transfe r  t o learnin g whe n goal-dependen t 
knowledg e an d pedagogicall y relevan t  materia l  agree .  Thi s 
knowledge-dependen t  accoun t  i s  consisten t  wit h th e learnin g 
mechanism s o f  bot h th e Soa r  (Newell ,  1990 )  an d A C T 
(Anderson ,  1993 )  unifie d theor y o f  cognition . 

Not e Cognitiv e Loa d theor y predict s tha t  th e mor e 
cognitiv e resource s tha t  ar e available ,  th e mor e likel y i t  i s 
fo r  learnin g t o tak e place .  Thi s suggest s a  linea r  relatio n 
betwee n cognitiv e loa d an d leartiing .  Accordingly , 
cognitiv e loa d theor y suggest s tha t  solvin g ver y simpl e 
problems ,  whic h require s lo w load ,  wil l  resul t  i n learnin g 
and tha t  solvin g ver y difficul t  problems ,  whic h require s hig h 
load ,  wil l  no t  likel y resul t  i n learning . 

The relatio n betwee n cognitiv e loa d an d learnin g i s mor e 
Ukel y U-shape d tha n linear .  O n e ca n imagin e condition s c f 
reduce d cognitiv e loa d (e.g. ,  solvin g ver y simpl e problems , 
havin g th e experimente r  solv e th e problem s fo r  th e 
participant )  wher e learnin g woul d no t  likel y occur .  Fo r 
example ,  i f  student s wer e onl y give n worke d ou t  example s 
t o stud y an d wer e no t  require d t o solv e an y problems , 
woul d w e expec t  an y learning ? Cognitiv e Loa d predict s 
learnin g t o occu r  du e t o th e lo w loa d required .  However , 
Anderso n an d Single y (1993 )  showe d tha t  calculu s student s 
w ho selecte d an d apphe d thei r  o w n operator s (hig h loa d 
condition )  learne d mor e tha n student s w h o ha d a  compute r 
selec t  an d appl y th e operator s fo r  the m (lo w loa d condition) . 
On th e othe r  end ,  on e ca n imagin e situation s o f  ver y hig h 
cognitiv e loa d (e.g. ,  performin g multipl e task s 
simultaneously ,  solvin g ver y difficul t  problems )  wher e 
learnin g shoul d als o b e inhibited . 

Finally ,  w e addres s whethe r  Sweller' s result s ca n b e 
accounte d fo r  b y Dua l  Spac e o r  Goa l  Appropriatenes s 
theory ? I n Sweller' s studies ,  participant s i n bot h th e 
specifi c  an d nonspecifi c  goa l  group s wer e aske d t o find 
value s t o mathematic s problems .  U n h k e participant s i n 
Vollmeye r  e t  al .  (1996 )  an d Stevenso n an d Gedde s (1997) , 
the y wer e no t  expUcitl y  aske d t o induc e rule s t o explai n th e 
system .  Alon g thi s lin e o f  reasoning ,  i t  appear s tha t 
Sweller' s participant s onl y operate d i n instanc e spac e an d 
thus ,  th e superio r  learnin g o f  th e nonspecifi c  grou p ca n no t 
be accounte d fo r  b y th e Dua l  Spac e theory .  However ,  i t 
possibl e tha t  becaus e nonspecifi c  goa l  participant s di d no t 
get  caugh t  u p i n th e hig h loa d difference-reductio n strategy , 
the y ha d mor e capacit y availabl e t o engag e i n rul e 
induction .  A n d i t  i s  thi s rul e inductio n activit y tha t  lead s 
t o mor e effectiv e learning .  Thi s account ,  combinin g 
element s o f  bot h Cognitiv e Loa d theor y an d Dua l  Spac e 
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theory ,  ha s th e advantag e o f  bein g consisten t  wit h th e 
learnin g mechanism s o f  ACT- R an d Soar . 

Can Goa l  Appropriatenes s theor y accoun t  fo r  Sweller' s 
results ? W e thin k i t  can ,  bu t  her e again ,  w e nee d t o borro w 
element s o f  Dua l  Spac e theory .  Rathe r  tha n lo w workin g 
memory loa d i n th e nonspecifi c  goa l  condition ,  freeing 
student s t o d o rule-induction ,  perhap s nonspecifi c  goal s 
encourag e rul e spac e searc h wherea s specifi c  goal s encourag e 
instanc e spac e search ,  distractin g participant s from  th e mor e 
genera l  learnin g tha t  result s from  rul e spac e search .  Thus , 
accordin g t o Goa l  Appropriateness ,  th e attainmen t  o f  a 
correc t  representatio n o f  th e problem ,  whic h i s aide d b y a n 
appropriat e goal ,  whic h ca n b e achieve d unde r  lo w o r  hig h 
cognitiv e load ,  i s th e importan t  prelud e t o learning . 

Is Goa l  Appropriatenes s consisten t  wit h a  dua l  spac e 
accoun t  o f  proble m solving ? A  distinctio n mus t  b e mad e 
betwee n goal s tha t  ar e appropriat e fo r  learnin g an d goal s tha t 
are appropriat e fo r  proble m solving .  Goal s tha t  ar e 
appropriat e fo r  inducin g rule s ma y lea d t o a  searc h o f  th e 
hypothesi s space .  Goal s tha t  ar e intende d fo r  solvin g a 
proble m ma y lea d t o a n exploratio n o f  instanc e space . 

Not e solvin g a  proble m wit h goal s t o induc e rule s i s 
analogou s t o a  scienc e mode l  o f  proble m solving .  O n th e 
othe r  hand ,  goal s intende d t o find a  specifi c  valu e i s 
analogou s t o a n engineerin g mode l  o f  proble m solvin g 
(Schauble ,  Klopfer ,  &  Raghavan ,  1991) .  Th e scienc e mode l 
of  proble m solving ,  whic h i s characterize d b y th e searc h fiir 
rule s an d causa l  relation s amon g variable s (i.e. ,  searchin g 
hypothesi s space) ,  ha s bee n show n t o lea d t o mor e genera l 
learnin g an d understanding .  I n contrast ,  a n engineerin g 
model ,  whic h i s characterize d b y maximizin g o r  achievin g a 
certai n specifie d targe t  (i.e. ,  searchin g instanc e space) ,  doe s 
not  resul t  i n th e learnin g o f  rule s an d principles .  However , 
it  ca n lea d t o goo d result s fo r  jus t  thos e specifi c  goal s 
targeted .  Thi s furthe r  support s th e conjectur e tha t  mor e 
appropriat e goal s facilitat e learning . 

I n summary ,  i t  appear s tha t  non e o f  th e theorie s ca n 
accoun t  fo r  al l  o f  th e results .  Neithe r  Cognitiv e Loa d o r 
Dual  Spac e ca n accoun t  fo r  th e Mille r  e t  al .  an d Chamey e t 
al .  results .  Withou t  incorporatm g element s o f  Dua l  Space , 
th e Goa l  Appropriatenes s theor y canno t  accoun t  fo r  eithe r 
th e VoUmeyer  o r  Swelle r  results .  W e hav e provide d 
argument s fo r  ho w combinin g element s o f  Goa l 
Appropriatenes s an d Dua l  Spac e ca n accoun t  fo r  al l  results . 

Whil e th e Cognitiv e Loa d theor y alon e fair s poorl y i n 
accountin g fo r  al l  th e result s and ,  a t  leas t  withou t 
modification ,  i s  inconsisten t  wit h ACT- R an d Soar ,  w e ar e 
not  read y t o rejec t  al l  element s o f  it .  Modification s o f  th e 
theor y t o includ e a  U-shape d relatio n wit h learnin g mediate d 
by eithe r  performanc e enhancemen t  o r  increase d hypothesi s 
searc h appea r  t o strengthe n th e theory .  Furthermore , 
combinin g Cognitiv e Loa d an d Dua l  Spac e seem s t o 
provid e a  bette r  explanatio n fo r  Sweller' s result s tha n Dua l 
Space an d Goa l  Appropriateness . 
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