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Universit y o f  California ,  Lo s Angele s 
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b u r n s @ p s y c h . u c l a . e d u 

Abstrac t 

Dual space models of problem solving (e.g., Simon & Lea, 
1974;  Klah r  &  Dunbar ,  1988 )  assum e tha t  th e proble m spac e 
fo r  a  tas k consist s o f  tw o spaces :  a n hypothesi s spac e an d a n 
experimen t  space .  I n hypothesi s space ,  hypothese s abou t 
rule s governin g th e tas k ar e generated ,  whic h ca n the n b e 
teste d i n experimen t  space .  However ,  experimen t  spac e ca n 
be searche d b y applyin g th e operator s eve n withou t 
knowledg e abou t  th e task .  W e predicte d tha t  peopl e 
searchin g hypothesi s spac e woul d lear n mor e abou t  th e task . 
To tes t  thi s claim ,  tw o experiment s wer e performe d i n whic h 
subject s ha d t o lear n t o contro l  a  syste m consistin g o f  thre e 
inpu t  variable s tha t  ha d unknow n link s t o thre e outpu t 
variables .  Subject s firs t  explore d th e task ,  the n the y ha d t o 
reac h goa l  state s fo r  th e outpu t  variables .  I n bot h 
experiment s subject s wer e presente d wit h a n hypothesi s 
about  on e o f  th e links ,  whic h shoul d foste r  searc h o f 
hypothesi s space .  I n Experimen t  1 ,  hypothesi s instructio n 
improve d performanc e an d w e showe d tha t  i t  ha d a  simila r 
effec t  t o a  manipulatio n o f  goa l  specificity ,  suggestin g tha t 
bot h factor s improv e learnin g b y encouragin g searc h i n 
hypothesi s space .  I n Experimen t  2  subject s wer e give n a 
correc t  hypothesi s o r  a n incorrec t  hypothesis .  Bot h group s 
performe d bette r  tha n a n appropriat e control .  Thu s 
instruction s tha t  encourag e hypothesi s testin g appea r  t o 
improv e learnin g i n proble m solving . 

Introductio n 

Mayer' s (1989 )  analysi s o f  proble m solvin g claime d tha t  a 
proble m solve r  applie s representationa l  processe s t o for m a 
representatio n o f  a  problem ,  the n solutio n processe s ar e 
applie d t o find  th e solution .  However ,  Maye r  note s that ,  a s 
Duncke r  (1945 )  argued ,  representation s ma y no t  b e stati c 
and tha t  th e interactio n o f  representationa l  an d solutio n 
processe s ma y b e th e ke y t o proble m solving .  Bu t  wha t 
processe s for m th e mos t  appropriat e representations ? 

Dual Space Theory and Learning 

One explanatio n fo r  wh y som e proble m solver s lear n mor e 
about  a  proble m tas k tha n other s i s  give n i n Klah r  an d 
Dunbar' s (1988 )  theor y o f  Scientifi c  Discover y a s Dua l 
Searc h (SDDS) .  The y propos e tha t  th e proble m spac e i s 
separate d int o tw o spaces :  an  hypothesi s spac e an d an 
experimen t  space .  Searchin g th e hypothesi s spac e require s 
formulatin g exphci t  hypothese s abou t  th e task ,  thus ,  th e 

rule s governin g th e tas k ca n b e discovered .  Searchin g th e 
experimen t  spac e onl y require s applyin g th e lega l  operator s 
of  th e tas k t o generat e ne w proble m states .  Accordin g t o 
S D DS theor y a  goo d representatio n o f  th e tas k i s gaine d i f 
th e proble m solve r  searche s bot h space s interactively .  Suc h 
proble m solver s induc e rule s explicitl y b y searchin g th e 
hypothesi s spac e an d the y the n tes t  the m throug h searc h o f 
th e experimen t  space .  Whil e searc h o f  experimen t  spac e i s 
necessar y fo r  generatin g an d testin g hypotheses ,  a  poo r 
knowledg e i s  gaine d i f  searc h o f  experimen t  spac e 
dominates .  (However ,  suc h proble m solver s ma y b e th e 
most  successfu l  i f  th e rule s ar e ver y har d t o discover )  Th e 
clai m tha t  proble m solver s wh o formulat e an d tes t 
hypothese s hav e a  bette r  representatio n ha s foun d som e 
suppor t  (Klah r  &  Dunbar ,  1988 ;  Recker ,  Govindaraj ,  & 
Vasandani ,  1994) .  I n particular ,  Klahr ,  Fay ,  an d Dunba r 
(1993 )  foun d tha t  subject s wh o generate d hypotheses ,  eve n 
i f  incorrect ,  wer e mor e successfu l  a t  solvin g a  comple x 
problem .  However ,  thes e studie s use d a  post-ho c 
classificatio n o f  whic h proble m spac e wa s searched . 
Therefore ,  t o clearl y sho w tha t  usin g hypothese s improve s 
learning ,  i t  i s  necessar y t o directl y manipulat e th e 
likelihoo d o f  subject s generatin g an d testin g hypotheses . 

Furthe r  suppor t  fo r  th e S D D S theor y ca n b e foun d i n ou r 
own wor k (VoUmeyer ,  Bums ,  &  Holyoak ,  i n press) .  I n 
thes e studie s w e use d th e theoretica l  framewor k o f  Simo n 
and Le a (1974 )  t o whic h Klah r  an d Dunba r  (1988 )  als o 
refer .  Simo n an d Le a propose d tha t  instanc e spac e 
(comparabl e wit h experimen t  space )  i s searche d i f  proble m 
solver s ar e focuse d o n finding  a  solutio n fo r  a  specifi c  goal , 
wherea s rul e spac e an d instanc e spac e (rul e spac e i s 
comparabl e wit h hypothesi s space )  ar e searche d i f  proble m 
solver s ar e focuse d o n learnin g th e rule s o f  th e task . 
Therefore ,  w e varie d goa l  specificit y b y givin g on e grou p a 
non-specifi c  goal ,  t o lear n a s muc h a s possibl e whil e 
explorin g th e proble m task ,  the n w e teste d thei r  learnin g b y 
givin g the m a  goa l  stat e t o reach ;  wherea s anothe r  grou p 
explore d th e tas k wit h th e sam e instruction ,  howeve r  i n 
additio n the y wer e tol d a t  th e star t  o f  th e tas k th e specifi c 
goal  tha t  the y ha d t o reac h afte r  th e exploratio n phase . 
Consisten t  wit h th e predictions ,  proble m solver s wit h th e 
non-specifi c  goa l  ha d mor e knowledg e abou t  th e rule s 
governin g th e tas k an d coul d appl y th e learne d knowledg e 
equall y t o tw o differen t  goa l  states .  Proble m solver s wit h a 
specifi c  goa l  learne d les s abou t  th e rule s governin g th e 
task ,  bu t  the y coul d reac h th e specifi c  goa l  the y ha d bee n 
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give n a t  th e star t  a s wel l  a s th e non-specifi c  goa l  group . 
However ,  thei r  perfonnanc e decline d whe n the y wer e give n 
a ne w goa l  t o whic h suc h a  solutio n pat h coul d no t  b e 
readil y transferre d Rathe r  tha n lear n th e rules ,  the y ma y 
hav e learne d a  solutio n pat h whil e explorin g th e task . 
Thes e result s ca n b e interprete d a s supportin g th e clai m 
tha t  th e non-specifi c  goa l  grou p wer e mor e likel y t o searc h 
bot h spaces ,  wherea s th e specifi c  goa l  grou p wer e mor e 
likel y t o onl y searc h th e experimen t  space . 

I n th e followin g tw o experiment s w e gav e subject s a n 
hypothesi s abou t  th e structur e o f  th e task .  Wit h thi s 
manipulatio n w e wante d t o foste r  searc h o f  th e hypothesi s 
space .  Unde r  thi s conditio n the y shoul d gai n mor e 
knowledg e an d consequentl y reac h th e goa l  stal e o f  th e tas k 
mor e accurately .  A s th e hypothesi s als o provide d mor e 
informatio n abou t  th e tas k t o th e subjects ,  i n th e secon d 
experimen t  w e attempte d t o clearl y establis h tha t  unprove d 
performanc e wa s du e t o searc h i n hypothesi s spac e an d no t 
jus t  becaus e mor e informatio n wa s given . 

Biology Lab: A Complex Problem Task 

Vollmeyer ,  Burns ,  an d Holyoa k (i n press )  use d a  computer -
drive n proble m tas k w e calle d biolog y la b whic h wa s 
constructe d usin g th e shel l  D Y N A M I S (Funke ,  1991) . 
Thi s tas k wa s agai n use d i n th e curren t  experiments .  I n 
Vollmeye r  e t  al .  subject s ha d t o conu-o l  fou r  outpu t 
variable s b y varyin g fou r  inpu t  variables ,  bu t  i n th e first 
experimen t  w e use d a  syste m wit h onl y thre e inpu t  an d 
outpu t  variables .  Subject s wer e presente d wit h a  cove r 
stor y tellin g the m tha t  the y wer e i n a  biolog y la b i n whic h 
ther e wer e thre e specie s o f  se a animal s i n a  tan k (crabs ,  se a 
bass ,  lobster )  an d tha t  thei r  populatio n coul d b e 
manipulate d b y thre e factor s (temperature ,  oxygen , 
current) .  Th e structur e o f  th e tas k (se e Figur e 1 )  wa s 
comple x a s on e outpu t  (se a bass )  wa s influence d b y tw o 
inputs ,  an d dynamic ,  a s on e outpu t  (lobster )  ha d a  deca y 
(marke d wit h a  circle) ,  resultin g i n th e populatio n decayin g 
by 1 0 % eac h tria l  eve n i f  nothin g wa s manipulated .  A s th e 
deca y wa s har d t o understan d w e omitte d thi s characteristi c 
i n th e secon d experiment ,  whic h help s generaliz e ou r 
result s t o simple r  systems . 

temperatur e 

oxyge n 

curren t 

> 5 

crab s 

se a ba.ii. s 

lobste r 

V ? 

Figur e 1 :  Biolog y la b syste m 

To explore the task, subjects in Vollmeyer et al. (in 
press )  wer e give n a  learnin g phas e (tlire e round s o f  si x 
trial s o n whic h number s wer e entere d fo r  th e inputs )  an d a 
solutio n roun d (si x trials )  a t  th e en d o f  whic h subject s ha d 
t o reac h a  certai n targe t  amoun t  fo r  eac h outpu t  variable . 

VoUineye r  e t  al .  showe d tha t  a  goo d strateg y fo r  learnin g 
abou t  th e tas k wa s t o var y onl y on e inpu t  variabl e a t  a  time . 
Thi s strateg y wa s give n t o al l  subject s i n th e curren t 
experiment s i n orde r  t o reduc e thei r  variance . 

Experiment 1 

I n th e firs t  experimen t  w e teste d whethe r  subject s give n a n 
hypothesi s t o tes t  abou t  a  difficul t  relatio n i n th e proble m 
tas k woul d lear n mor e abou t  th e structur e o f  th e tas k an d 
reac h th e goa l  stat e fo r  th e outpu t  variable s mor e accuratel y 
tha n subject s give n n o hypothesis .  W e als o manipulate d 
goal  specificit y an d predicte d o n th e basi s o f  Vollmeye r  e t 
al .  (i n press) ,  tha t  givin g subject s a  specifi c  goa l  woul d 
produc e simila r  effect s t o hypothesi s instruction . 

Method 

Subjects. Sixty undergraduate students at the University of 
California ,  Lo s Angeles ,  participate d fo r  cours e credit . 

Design. A 2x2 design was used with two levels of 
hypothesis-instructio n (hypothesis-instructe d vs . 
uninstructed )  an d goa l  specificit y (specifi c  vs .  non -
specific) .  Fiftee n subject s wer e i n eac h condition . 

Procedure. The biology lab problem was presented with 
th e underlyin g structur e show n i n Figur e I .  Subject s ha d t o 
lear n abou t  th e proble m i n thre e rounds ,  eac h roun d wit h 
si x trial s an d i n th e fourt h roun d the y wer e aske d t o reac h a 
specifi c  goa l  stat e (namely ,  5 0 aabs ,  90 0 lobsters ,  an d 70 0 
sea bass) .  Subject s i n th e specifi c  goa l  conditio n wer e 
presente d wit h thes e goa l  state s right  fro m th e beginning , 
wherea s th e non-specifi c  goa l  grou p sa w thes e goa l  state s a t 
th e beginnin g o f  th e solutio n roun d fo r  th e first  time . 

Befor e starting ,  al l  subject s wer e instructe d tha t  th e bes t 
strateg y fo r  explorin g th e tas k wa s t o var y onl y on e inpu t 
variabl e a t  a  time .  I n addition ,  th e hypothesis-instructe d 
grou p wa s tol d tha t  a  researche r  believe d tha t  lobster s ha d a 
deca y o f  1 0 % an d tha t  curren t  ha d a n influenc e i n tha t  eac h 
inpu t  t o curren t  i s multiplie d b y fou r  an d the n adde d t o th e 
lobster-population .  Hypothesis-instructe d subject s wer e 
tol d t o tes t  th e hypothesi s i n orde r  t o determin e i f  i t  wa s 
correct .  Uninstructe d group s receive d n o hypothesis . 

Afte r  eac h roun d o f  th e learnin g phas e (round s 1-3 ) 
subject s complete d a  "structur e diagram" ,  whic h consiste d 
of  a  diagra m simila r  t o th e on e i n Figur e I ,  bu t  wit h al l 
link s omitted .  Subject s wer e instructe d t o dra w link s 
betwee n variable s tha t  the y beheve d affecte d eac h other , 
and t o als o assig n direction s (positiv e o r  negative )  an d 
weight s indicatin g ho w stron g the y though t  eac h influenc e 
was.  Afte r  eac h inpu t  tria l  subject s ha d t o predic t  th e ne w 
value s fo r  eac h outpu t  variabl e tha t  the y though t  woul d 
resul t  fro m thei r  inputs . 

The entir e experimen t  too k a n hou r  t o complete . 

Results 

Dependent variables. Three dependent variables were 
analyze d whic h measure d bot h knowledg e an d accurac y i n 
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reachin g th e goa l  stales .  (1 )  Structur e score .  Th e structur e 
diagra m wa s give n afte r  eac h o f  th e thre e round s o f  th e 
learnin g phase .  However ,  a s th e structur e diagra m ;ilte r 
roun d 3  wa s mos t  informativ e abou t  subjects '  knowledg e a i 
th e en d o f  th e learnin g phase ,  onl y th e structur e scor e lo r 
thi s roun d i s reporte d here .  Th e knowledg e indicate d i n 
thi s diagra m wa s measure d a s th e su m o f  th e numbe r  o f 
correc t  specification s o f  links ,  directions ,  an d weights , 
adjuste d wit h a  correctio n fo r  guessin g (se e Woodwort h & 
Schlosberg ,  1954 ,  p .  700) .  (2 )  Predictio n error .  Afte r  eac h 
inpu t  tria l  durin g th e learnin g phas e subject s ha d t o predic t 
th e populatio n fo r  eac h outpu t  variable .  Th e absolut e 
differenc e betwee n th e predicte d numbe r  an d th e actua l 
number  fo r  eac h o f  th e thre e outpu t  variable s wa s 
computed .  A s thi s measur e produce d a  skewe d 
distribution ,  th e distributio n wa s correcte d b y applyin g a 
logarithmi c transformation .  (3 )  Solutio n error .  Solutio n 
erro r  i n reachin g th e goa l  stat e durin g roun d 4  wa s 
compute d a s th e su m o f  th e absolut e difference s betwee n 
th e ne w goa l  an d th e obtaine d numbe r  fo r  eac h o f  th e thre e 
outpu t  variables .  Again ,  a  logarithmi c transformatio n ha d 
t o b e applied .  Solutio n erro r  wa s compute d fo r  eac h o f  th e 
si x trial s tha t  comprise d roun d 4 . 

Preliminary analyses. The structure score and the sum of 
predictio n error s (ove r  thre e rounds )  wer e measure s o f 
knowledg e an d shoul d correlate ,  whic h wa s th e case ,  r  =  -
.62 ,  p  <.001 .  Havin g mor e knowledg e shoul d lea d t o lowe r 
solutio n errors .  Thi s wa s confirme d b y th e correlation s fo r 
structur e scor e an d solutio n error ,  r  =  -.48 ,  p  <  .001 ,  an d 
fo r  predictio n erro r  an d solutio n error ,  r  =  .57 ,  p  <  .001 . 

Instructin g subject s t o tes t  a n hypodiesi s shoul d hel p 
the m gai n mor e knowledg e a s measure d b y Uiei r  structur e 
diagra m scores .  I n particular ,  i f  ou r  manipulatio n wa s 
effectiv e i n gettin g subject s t o tes t  th e give n hypothesi s the n 
hypothesis-instructe d subject s shoul d b e mor e likel y t o 
conectl y repor t  th e link s tha t  wer e par t  o f  diei r  hypoUiesis . 
We foun d this ,  a s 1 8 ou t  o f  3 0 i n th e hypothesis-instructe d 
group s correctl y reporte d th e deca y facto r  fo r  lobste r 
compare d t o 4  ou t  o f  3 0 fo r  uninstructe d groups ,  A?(l )  = 
12.12 ,  p  <  .001 .  Hypothesi s instructio n als o le d mor e 
subject s t o correctl y specif y th e weigh t  fo r  th e relatio n 
betwee n curren t  an d lobste r  (als o par t  o f  Ui e hypothesis) ,  1 3 
out  o f  3 0 compare d t o 1  ou t  o f  3 0 fo r  uninstructe d groups , 
^ ( 1 ) = 11.27 ,  p < . 0 0 1 . 

Influence of hypothesis-instruction and goal specitlcity 
on learning .  Th e hypothesis-instructe d group s ( M =  1.55 ) 
shoul d hav e a  highe r  structur e scor e tha n th e uninstructe d 
group s ( M =  1.07) ,  whic h wa s th e case ,  F(l,56 )  =  4.58 ,  p  < 
.05 .  Also ,  a s predicted ,  th e mea n structur e scor e fo r  th e 
non-specifi c  goa l  group s ar e highe r  ( M =  1.56 )  Uia n dia t  fo r 
th e specifi c  goa l  group s ( M =  1.06) ,  F(l,56 )  =  5.13 ,  p  < 
.05 .  Ther e wa s n o interactio n betwee n th e factor s F < 1.0 . 

Surprisingly ,  ove r  al l  round s o f  th e learnin g phas e ther e 
was n o statisticall y significan t  effec t  o f  goal-specificit y o n 
predictio n error ,  F(l,56 )  =  1.69 ,  p  >  .05 .  However ,  Uier e 
was a n effec t  o f  hypothesis-instructio n o n predictio n error , 
F(l,56 )  =  8.92 ,  p  <  .05 ,  an d th e interactio n o f  outpu t 
variabl e an d hypothesis-instructio n wa s significant . 

F(2,112 )  =  9.31 ,  p  <  .001 .  Therefor e w e analyze d eac h 
outpu t  variabl e separately .  Fo r  lobster ,  whic h wa s par t  o f 
th e hypothesis ,  a  stron g effec t  o f  hypothesi s o n prediction s 
score s wa s foun d (se e Tabl e 1) ,  F(l,56 )  =  29.1 .  p  <  .05 . 
Although ,  fo r  aab s an d se a bas s th e differenc e wa s no t 
significant ,  th e mean s wer e i n th e expecte d directio n (se e 
Tabl e 1) . 

For  solutio n error ,  a n effec t  o f  hypoUiesis-instructio n wa s 
found ,  F(l,56 )  =  8.20 ,  p  <  .01 ,  bu t  ther e wa s n o interactio n 
wit h outpu t  variable ,  F  <  1.0 .  Fo r  ou r  theor y i t  i s  importan t 
t o sho w Uia t  hypothesis-instructio n helpe d performanc e o n 
al l  outpu t  variables ,  no t  onl y th e on e th e give n hypothesi s 
refer s to ,  thu s w e analyze d eac h outpu t  variabl e further .  A s 
ca n b e see n i n Tabl e 1 ,  ther e wa s a n effec t  o n lobster , 
F(l,56 )  =  14.35 ,  p  <  .05 ,  an d o n crabs ,  F(l,56 )  =  5.36 ,  p  < 
.05 .  (Not e dia t  crab s wer e no t  referre d t o b y th e hypothesis ) 
The hypothesi s effec t  di d no t  reac h significanc e fo r  se a 
bass ,  F(l,56 )  =  2.36 ,  p  >  .05 .  A s V o U m e y e r  e t  al .  (i n press ) 
foun d ther e wa s n o effec t  o f  goa l  specificit y o n solutio n 
error ,  F < 1.0 . 

Table 1. Means for hypothesis-instructed (H-I) vs. 
uninstructe d (H-UI )  subject s o n predictio n erro r  an d 

solutio n error ,  separate d b y outpu t  variabl e 

outpu t 
variable s 

lobste r  H- I 
H-UI 

sea bas s H- I 
H-UI 

crab s H- I 
H-UI 

predictio n 
erro r 

3.3 1 
4.6 7 

3.2 5 
3.6 1 

1.5 5 
1.8 8 

solutio n 
erro r 

3.3 6 
4.0 5 

3.9 4 
4.4 9 

1.8 3 
2.8 6 

S u m m a ry 

Experimen t  1  showe d Uia t  havin g subject s tes t  a n 
hypothesi s ha d a n effec t  o n learning .  Hypothesis-instructe d 
subject s learne d mor e abou t  th e structur e o f  th e tas k an d 
coul d predic t  th e outcome s bette r  tha n th e uninstructe d 
groups .  Al l  outpu t  variable s wer e reache d mor e accurately , 
not  jus t  th e on e referre d t o b y th e hypothesis ,  suggestin g 
tha t  havin g a n hypothesi s help s subject s lear n abou t 
unrelate d variables ,  perhap s throug h encouragin g furthe r 
hypothesi s testing . 

Th e result s fo r  goal-specificit y replicate d ou r  previou s 
experimen t  an d showe d goa l  specificit y effect s ar e 
generalizabl e t o a  differen t  system .  Subject s learne d mor e 
abou t  th e structur e i f  the y ha d a  non-specifi c  goal ,  bu t  the y 
reache d th e goa l  state s a s wel l  a s th e specifi c  goa l  group , 
whic h alread y ha d experienc e i n reachin g th e goa l  states . 
O ne surprisin g effec t  wa s tha t  th e goa l  group s di d no t  diffe r 
on predictio n error ,  whic h wa s anothe r  metho d fo r 
measurin g knowledge .  Perhap s thi s i s becaus e th e specifi c 
goa l  group s wer e alread y focuse d o n bringin g abou t  a 
specifi c  state ,  whic h improve d prediction ,  wherea s th e non -
specifi c  goa l  group s ha d mor e knowledge ,  bu t  di d no t  focu s 
on reachin g specifi c  states .  Th e lac k o f  an y interactio n 
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betwee n goa l  specificit y an d hypoUicsis-inslrucUo n i s 
interestin g a s i t  suggest s tha t  the y m a y hav e thei r  eltecL s fo r 
simila r  reasons ,  tha t  is ,  b y encouragin g searc h o f 
hypothesi s space . 

Experiment 2 

Whil e Experimen t  1  clearl y showe d tha t  givin g subject s a n 
hypothesi s improve d bot h thei r  knowledg e an d thei r 
performance ,  a n alternativ e explanatio n i s possibl e othe r 
tha n ou r  clai m tha t  givin g a n hypothesi s promote s searc h o f 
hypothesi s space .  Becaus e w e gav e subject s a  correc t 
hypothesi s i t  i s  possibl e tha t  the y simpl y interprete d i t  a s 
extr a informatio n an d use d i t  t o hel p the m contro l  th e 
system .  Arguin g agains t  thi s possibilit y  i s  th e lac k o f  a n 
interactio n o n error-score s betwee n outpu t  variabl e an d 
hypothesis-instruction .  However ,  i f  thi s alternativ e 
explanatio n i s vali d the n givin g subject s a n hypothesi s tha t 
i s  incorrec t  shoul d eliminat e th e hypothesi s effect .  Klah r  e t 
al .  (1993 )  foun d tha t  subject s w h o generate d incorrec t 
hypothese s als o performe d bette r  tha n thos e wit h n o 
hypotheses ,  bu t  the y di d no t  directl y manipulat e whethe r 
peopl e generate d hypotheses .  Thu s i n Experimen t  2  w e 
teste d whethe r  givin g subject s a n incorrec t  hypothesi s 
woul d hel p the m t o lear n mor e abou t  th e biolog y la b task , 
as i t  woul d encourag e searc h o f  hypothesi s space .  T o d o 
thi s w e ha d thre e groups :  correct-hypothesis ,  incorrect -
hypothesis ,  an d link-only .  Th e correct-hypothesi s grou p 
was instructe d t o tes t  a  correc t  hypothesi s abou t  a  lin k an d 
it s weight .  T o reduc e th e usefulnes s o f  th e informatio n (bu t 
not  th e benefi t  o f  testin g it )  thi s hypothesi s wa s abou t  th e 
simples t  link ,  tha t  betwee n th e inpu t  an d outpu t  variabl e 
whos e onl y lin k wa s t o eac h other .  Mos t  subject s i n 
previou s experiment s learne d thi s particula r  link ,  s o eve n i f 
subject s assume d tha t  thi s hypothesi s wa s correc t  i t  woul d 
be o f  littl e us e t o them .  Th e incorrect-hypothesi s grou p wa s 
give n a  hypothesi s abou t  th e sam e link ,  bu t  the y wer e tol d 
th e wron g weight .  Th e link-onl y grou p receive d th e correc t 
informatio n tha t  thi s sam e lin k existed ,  bu t  n o weigh t  wa s 
suggested .  Thu s th e Unk-onl y grou p ha d th e sam e amoun t 
of  correc t  informatio n a s th e incorrec t  hypothesi s group , 
but  lacke d th e erroneou s lin k informatio n tha t  mad e th e 
incorrect-hypothesi s group' s hypothesi s a  complet e one . 
We predicte d tha t  bot h th e correc t  an d incorrec t  hypothesi s 
group s woul d perfor m bette r  tha n th e Unk-onl y group . 

Odie r  change s fro m Experimen t  1  wer e tha t  w e change d 
th e variabl e name s an d use d a  simple r  biolog y la b system , 
as w e droppe d th e deca y link .  Otherwise ,  th e syste m wa s 
th e sam e a s tha t  i n Figur e 1 .  Thes e change s helpe d u s 
generaliz e ou r  results . 

Method 

Subjects. Two hundred and thirty-six students at the 
Universit y o f  California ,  Lo s Angeles ,  participated . 

Design. The experiment had three conditions, that is 
hypothesis-instructio n wa s varie d o n thre e levels :  correct -
hypothesis ;  incorrect-hypothesis ;  and ,  link-only . 

Procedure .  Th e biolog y la b tas k wa s presente d wit h th e 
underlyin g structur e show n i n Figur e 1 ,  excep t  tha t  th e 
deca y lin k wa s omitte d an d th e variabl e name s wer e 
changed .  Th e inputs ,  temperature ,  curren t  an d oxygen , 
became salt ,  carbo n an d lime ,  respectively .  Th e outputs , 
crabs ,  se a bas s an d lobster ,  becam e oxygenation ,  chlorin e 
concentratio n an d temperature ,  respectively .  A s th e tas k 
was easie r  subject s ha d onl y tw o round s i n th e learnin g 
phase ,  durin g whic h the y alread y kne w th e goa l  state s fo r 
th e learnin g round .  Fro m th e beginning ,  al l  group s wer e 
give n th e goa l  stat e (namely ,  a n oxygenatio n o f  50 ,  a 
chlorid e concentratio n o f  700 ,  an d a  temperatur e o f  900) . 
The y ha d t o reac h thi s goa l  stat e i n th e thir d round .  I n th e 
fourt h round ,  th e transfe r  round ,  a  ne w goa l  stat e wa s give n 
(namely ,  a n oxygenatio n o f  400 ,  a  chlorid e concentratio n o f 
700 ,  an d a  temperatur e o f  1000) . 

Al l  subject s rea d th e instruction s explainin g th e task ,  an d 
th e sam e goo d strateg y wit h whic h t o explor e th e tas k a s 
was give n i n Experimen t  1 .  W e ha d thre e level s o f 
hypothesis-instruction :  correc t  hypothesis ,  incorrect -
hypothesis ,  an d Unk-onl y information .  I n th e correct -
hypothesi s grou p subject s wer e verbaU y an d graphicall y 
presente d wit h th e hypothesi s tha t  lim e coul d hav e a n effec t 
on oxygenation ,  tha t  is ,  eac h inpu t  t o carbo n i s multiplie d 
by th e weigh t  2. 0 an d the n adde d t o th e oxygenatio n value . 
Th e incorrect-hypothesi s grou p wa s tol d t o tes t  th e sam e 
link ,  bu t  th e give n weigh t  (-5.0 )  wa s incorrect .  Bot h 
hypothesi s group s wer e instructe d t o tes t  thei r  hypothesis . 
Th e link-onl y grou p subject s wer e tol d tha t  ther e coul d b e a 
lin k betwee n lim e an d oxygenation ,  bu t  tol d n o weight .  I n 
a previou s experimen t  (VoUmeye r  &  B u m s ,  unde r 
submission) ,  w e ha d foun d tha t  givin g link s withou t 
directio n o r  weight s di d no t  improv e performance ,  thu s Uii s 
manipulatio n shoul d b e simila r  t o givin g subject s n o 
hypothesis . 

Becaus e th e syste m wa s simple r  tha n tha t  use d i n 
Experimen t  1 ,  onl y tw o round s wer e give n fo r  th e learnin g 
phase .  Afte r  eac h roun d durin g thi s phas e subject s 
complete d th e structur e diagram ,  fo r  whic h the y wer e give n 
detaile d instruction s fo r  h o w t o calculat e weights .  The y 
agai n ha d t o predic t  th e outcome s fo r  eac h outpu t  variabl e 
afte r  eac h inpu t  trial .  I n orde r  t o encourag e th e hypothesi s 
group s t o tes t  th e hypothesis ,  thes e subject s wer e aske d t o 
indicat e i f  the y though t  th e hypothesi s wa s correc t  b y 
circlin g "Yes" ,  "No" ,  o r  "Don' t  know "  afte r  th e en d o f  eac h 
of  th e firs t  tw o rounds .  Thi s questio n als o measure d i f 
subject s give n a n hypothesi s wer e abl e t o determine d it' s 
validity . 

Th e goa l  stat e fo r  th e solutio n roun d wa s presente d t o al l 
subject s righ t  fro m th e beginning ,  however ,  the y onl y ha d 
t o reac h tha t  stat e i n th e thir d round .  Therefore ,  subject s 
coul d decide ,  whethe r  o r  no t  t o focu s o n th e specifi c  goal . 
Th e result s o f  Volhneye r  e t  al .  (i n press )  suggeste d tha t 
givin g subject s a  specifi c  goa l  fro m th e star t  discourage s 
Uie m fro m testin g hypotheses ,  thu s givin g a  specifi c  goa l 
shoul d decreas e th e a  prior i  probabilit y  o f  subject s testin g 
hypotheses .  I n roun d 4 ,  subject s wer e presente d wit h a  ne w 
goa l  stat e whic h ha d t o b e reached .  Th e entir e experimen t 
too k a n hou r  t o complete . 
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Result s 

Dependen t  variables .  Th e sam e thre e dependen t  variable s 
as calculate d i n Experimen t  1  wer e used ,  tha i  is ,  siructur c 
score ,  predictio n error ,  an d solutio n error .  Su-uctur c scor e 
and predictio n erro r  wer e measure s o f  (h e knowledg e 
subject s ha d o f  th e rule s governin g th e task .  Th e solutio n 
erro r  indicate d whethe r  subject s coul d appl y thei r 
knowledge .  A s ther e wa s a  transfe r  roun d i n whic h a  ne w 
goal  stat e ha d t o b e obtained ,  a  transfe r  erro r  wa s calculate d 
simila r  t o th e solutio n error .  Transfe r  erro r  measure d h o w 
effectivel y th e knowledg e gaine d throug h tryin g t o reac h 
one goa l  stat e ca n b e transferre d t o a  n e w goa l  state . 

Preliminary analyses. Again we checked whether our 
measure s fo r  learnin g wer e related ,  an d whethe r  ou r 
manipulatio n o f  hypothesis-instructio n wa s effective .  Th e 
su m o f  th e predictio n error s ove r  thre e round s an d structur e 
scor e o n roun d 2  shoul d b e correlate d a s the y bot h measur e 
knowledg e abou t  th e task ,  whic h wa s th e case ,  r  =  -.26 ,  p  < 
.001 ,  thoug h thi s correlatio n wa s m u c h lowe r  tha n i t  wa s i n 
Experimen t  1 .  Havin g mor e knowledg e shoul d lea d t o 
lowe r  solutio n an d transfe r  errors ,  thu s thes e measure s 
shoul d correlate ,  a s w e found ;  structur e scor e an d solutio n 
error :  r  =  -.61 ,  p  <  .001 ;  predictio n erro r  an d solutio n error : 
r  =  .57 ,  p  <  .001 ;  structur e scor e an d transfe r  error :  r  =  -
.46 ,  p  <  .001 ;  predictio n erro r  an d u-ansfe r  error :  r  =  .47 ,  p 
< .001 .  Transfe r  erro r  an d solutio n erro r  wer e als o 
correlated ,  r  =  .81 ,  p  <  .001 . 

W h en aske d i f  th e give n hypothesi s wa s true ,  sixty-nin e 
percen t  o f  respondin g subject s wit h th e incorrec t  hypothesi s 
believe d i t  t o b e wrong ,  eigh t  percen t  indicate d i t  wa s 
correct ,  th e res t  wer e no t  sure .  Eighty-on e percen t  o f 
respondin g subject s wit h th e correc t  hypothesi s believe d i t 
t o b e correct ,  twelv e percen t  indicate d incorrect ,  th e res t 
wer e no t  sure .  Thu s mos t  subject s appea r  t o correctl y tes t 
th e hypothesis .  A s i n Experimen t  1  w e analyze d subjects ' 
succes s a t  finding  th e lin k tha t  eac h grou p wa s give n (lim e 
t o oxygenation) .  Th e differenc e betwee n th e thre e group s 
was significant ,  X ^  (2 )  =  6.38 ,  p  <  .05 .  Th e correc t 
hypothesi s grou p indicate d mor e ofte n th e correc t  weigh t 
(6 8 o f  80 )  tha n th e incorrec t  hypothesi s grou p (5 8 o f  78 ) 
and th e link-onl y grou p (5 4 o f  78) . 

Influence of hypothesis-instruction on learning. The 
correct -  an d incorrect-hypothesi s group s shoul d lear n mor e 
abou t  th e structur e o f  th e task .  However ,  the y d o no t  diffe r 
on th e structur e score ,  F  <  1.0 .  Togethe r  wit h th e lo w 
correlatio n betwee n predictio n erro r  an d structur e scores , 
thi s sugges t  tha t  structur e scor e m a y no t  b e a  goo d measur e 
of  knowledg e fo r  a  syste m a s simpl e a s tliis . 

As predicte d though ,  th e predictio n erro r  ove r  th e tlire e 
round s showe d a n effec t  o f  hypothesi s condition ,  f"(2,233 ) 
= 5.36 ,  p  <  .0 1 (se e Tabl e 2) .  Link-onl y predictio n error s 
ar e highe r  tha n eithe r  thos e o f  Ui e incorrec t  hypothesis , 
F(1,I54 )  =  7.14 ,  p  <  .01 ,  o r  correc t  hypoUiesi s groups , 
F(  1,156 )  =  8.21 ,  p  < .  01 .  Thu s i t  appear s tha t  i t  i s  mor e 
importan t  tha t  a  hypothesi s b e given ,  rathe r  tha n whethe r 
th e hypothesi s i s correct . 

I f  subject s perfor m bette r  jus t  becaus e o f  th e amoun t  o f 
correc t  informatio n the y ar e give n the n th e prediction s fo r 
th e outpu t  variabl e oxygenatio n shoul d hav e bee n bes t  fo r 
th e correc t  hypothesi s group ,  whil e ther e shoul d hav e bee n 
littl e effec t  o n othe r  variables .  Accordin g t o ou r  theory ,  al l 
outpu t  variable s shoul d b e bette r  predicted ,  i f  a  hypothesi s 
was given ,  n o matte r  whethe r  th e hypothesi s i s correc t  o r 
incorrect .  A  significan t  interactio n betwee n hypothesis -
insu-uctio n an d outpu t  variabl e allowe d u s t o analyz e eac h 
singl e outpu t  variable ,  F(4,466 )  =  4.73 ,  p  <  .001 .  Tabl e 3 
shows th e mean s fo r  th e thre e experimenta l  groups .  Fo r 
th e crucia l  comparison ,  tha t  i s hnk-onl y vs .  incorrec t 
hypothesis ,  w e foun d significan t  difference s fo r  th e 
predictio n erro r  o f  chlorid e concentration ,  F(l,154 )  =  7.96 , 
p <  .01 ,  an d fo r  th e predictio n erro r  o f  temperature , 
F(l,154 )  =  9.30 ,  p  <  .01 ,  howeve r  no t  fo r  th e predictio n 
erro r  o f  oxygenation ,  ̂ (1,154 )  =  2.53 ,  p  >  .05 ,  th e ouQ)u t 
variabl e fo r  whic h th e hypothesi s wa s given .  Al l 
difference s betwee n correc t  an d incorrec t  hypothesi s group s 
wer e no t  significant . 

Table 2. Means of hypothesis-instruction on the dependent 
variable s 

link-onl y 

incorrec t 
hypothesi s 
correc t 
hvpothesi s 

predictio n 
erro r 

2.8 2 

2.1 8 

2.1 1 

solutio n 
erro r 

2.6 1 

2.2 3 

1.8 7 

transfe r 
erro r 

2.6 1 

2.1 9 

1.8 3 

Tabl e 3 .  Mean s o f  hypothesi s instructio n o n th e predictio n 
erro r  o f  th e outpu t  variable s 

link-onl y 

incorrec t 
hypothesi s 
correc t 
hypothesi s 

chlorid e 
concentratio n 

3.5 1 

2.8 3 

2.8 2 

temperatur e 

2.9 0 

1.9 9 

2.0 2 

oxygenatio n 

2.0 6 

1.7 3 

1.4 9 

We analyze d whethe r  hypothesis-instructio n ha d a n 
influenc e o n solutio n an d transfe r  error .  Acros s bot h error s 
ther e wa s a n effec t  o f  hypothesis-instruction ,  F(2,233 )  = 
3.97 ,  p  <  .05 .  A s ca n b e see n i n Tabl e 2 ,  ther e wa s a 
differenc e betwee n th e link-onl y grou p an d th e correc t 
hypothesi s group .  However ,  th e expecte d difference s 
betwee n th e hnk-onl y grou p an d th e incorrec t  hypothesi s 
grou p ar e no t  significan t  (solutio n error :  F(l,154 )  =  1.86 ,  p 
> .05 ;  transfe r  error :  F(l,154 )  =  1.93 ,  p  >  .05) .  A s i n 
Experimen t  1  ther e i s n o significan t  interactio n betwee n 
error s an d outpu t  variables ,  F(2,466 )  =  .49 ,  whic h i s 
importan t  fo r  ou r  poin t  tha t  givin g a n hypothesi s doe s no t 
onl y assis t  performanc e o n th e outpu t  variabl e o n whic h th e 
informatio n wa s given . 
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S u m m a ry 

Experimen t  2  showe d tha t  eve n hypothesis-instructio n 
wit h a n incorrec t  hypothesi s ca n improv e performance , 
eve n whe n compare d t o a  grou p give n tli e sam e vali d 
informatio n bu t  withou t  a s extensiv e a n hypotJiesi s t o test . 
Thi s i s consisten t  wit h th e clai m tha t  hypothesis-instructio n 
not  onl y provide s information ,  bu t  als o lead s t o anothe r 
typ e o f  processing ,  tha t  i s  searc h i n hypothesi s spac e 
throug h th e generatio n o f  hypotheses . 

Discussion 

Our  ai m wa s t o find  empirica l  evidenc e addressin g wh y 
some peopl e for m a  goo d representatio n durin g learnin g o f 
a proble m task ,  whil e othe r  peopl e hav e difficultie s i n 
finding  a  solution .  Ou r  theoretica l  explanatio n wa s base d 
on dua l  spac e models ,  suc h a s S D D S,  tha t  assume s tha t 
searchin g th e hypothesi s spac e b y generatin g hypothese s 
help s learning .  Goa l  sp)ecificit y (Experimen t  1 )  a s wel l  a s 
hypothesis-instructio n (bot h experiments )  see m t o b e 
factor s tha t  hav e a n influenc e o n th e choic e o f  ho w t o 
represen t  th e task . 

The result s o f  th e tw o experiment s ar e no t  alway s 
statisticall y significan t  o n al l  o f  th e dependen t  variables , 
but  th e patter n o n thes e measure s i s alway s a s expected . 
Eve n i f  w e change d th e tas k fro m a  dynami c (Experimen t 
1)  t o a  simple r  tas k (Experimen t  2) ,  o r  gav e a n hypothesi s 
abou t  a  simpl e o r  comple x link ,  th e influenc e o f  hypothesis -
instructio n wa s consistent .  However ,  changin g th e tas k t o a 
simple r  syste m ha d consequence s o n th e performance .  On e 
consequenc e wa s tha t  subject s o n averag e learne d mor e 
abou t  th e structur e o f  th e simple r  tas k ( M =  2.13 )  tha n 
abou t  a  dynami c tas k { M =  1.32) .  A s mos t  o f  th e peopl e 
see m t o lear n th e simpl e task ,  th e structur e scor e doe s no t 
differentiat e anymore .  Thi s explain s wh y hypothesis -
instructio n ha d a n effec t  o n structur e scor e i n th e first,  bu t 
not  i n th e secon d experiment .  Predictin g tli e outcom e o f  a 
manipulatio n o f  th e inpu t  variable s demonstrate d clea r 
effect s o f  hypothesis-instructio n i n bot h experiments .  Wit h 
a bette r  representatio n o f  th e tas k subject s generatin g 
hypothese s ar e abl e t o reac h give n goa l  state s mor e 
accurately .  Therefore ,  w e regar d th e result s a s encouragin g 
evidenc e tha t  problem-solvin g ca n b e mos t  effectiv e whe n 
th e proble m spac e i s represente d a s a  dua l  space .  Suc h a 
representatio n appear s t o b e encourage d i f  subject s ar e 
give n a n hypothesis ,  eve n a n incorrec t  one . 

Othe r  recen t  studie s ca n b e als o b e interprete d a s 
evidenc e tha t  searc h i n hypothesi s spac e improve s 
performance .  Chi ,  d e Leeuw ,  Chui ,  an d LaVanche r  (1994 ) 
foun d tha t  instructin g subject s t o generat e explanation s o f  a 
tex t  whil e the y rea d i t  improve d learnin g o f  it s  content , 
despit e a  fourt h o f  thes e self-explanatio n bein g incorrect . 
Self-explanation s m a y b e lik e hypothese s an d assis t  searc h 
of  hypothesi s space . 

Klah r  (1994 )  argue s tha t  cognitiv e psycholog y an d 
machin e learnin g approache s t o scientifi c  discover y hav e 
converge d toward s dual-spac e theories .  Machin e learnin g 
has generall y take n a  highl y dat a drive n approach ,  whic h i s 
mor e aki n t o searc h o f  experimen t  space .  Bu t  thi s spac e 

need s t o b e limite d i n orde r  t o mak e suc h searc h tractable , 
and domai n knowledg e provide d b y testin g hypothesi s ma y 
provid e thes e constraints .  Case-base d reasonin g woul d 
see m t o b e a n extrem e for m o f  searc h o f  th e experimen t 
space .  Bu t  i f  case s constitut e experimen t  spac e (pas t 
experiments) ,  domai n knowledg e provide s th e hypothesi s 
space .  Tha t  case-base d reasonin g need s t o conside r  mor e 
tha n jus t  case s ha s bee n argue d b y Kolodne r  (1994) . 

Our  result s demonstrat e th e importanc e o f  finding 
genera l  rule s fo r  a  proble m instea d o f  simpl y usin g a 
alread y learne d solutio n path ,  thu s the y suppor t  a  dual -
spac e searc h approac h t o reasonin g 
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