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S e a r c h i n g a n H y p o t h e s i s S p a c e W h e n R e a s o n i n g A b o u t  B u o y a n t  F o r c e s : 

T h e effec t  o f  f e e d b a c k 

Takesh i  Okad a &  Davi d Klah r 

Departmen t  o f  Psycholog y 
Carnegi e Mello n Universit y 

Pittsburgh ,  P A 1521 3 

Abstrac t 
Thi s stud y addresse d th e followin g thre e questions :  (1 )  T o 
what  exten t  ca n people' s naive ,  complex ,  an d idiosyncrati c 
knowledg e abou t  a  rea l  physica l  domai n b e capture d i n a 
forma l  representatio n o f  a n hypothesi s space ? (2 )  H o w doe s 
exposur e t o increasingl y comple x instance s affec t  subjects ' 
searc h throug h th e hypothesi s space ? (3 )  Wha t  i s th e effec t  o f 
feedbac k o n hypothesi s revision ? Si x adul t  subject s solve d a 
serie s o f  physic s problem s involvin g buoyan t  force s an d 
liqui d displacement .  A n analysi s o f  subjects '  verba l  protocol s 
suggests :  (1 )  Naive ,  comple x an d idiosyncrati c knowledg e ca n 
characterize d b y a n hypothesi s spac e an d change s i n tha t 
knowledg e ca n the n b e describe d a s a  searc h throug h th e 
hypothesi s space ;  (2 )  Peopl e wh o receiv e feedbac k fro m 
experimenta l  outcome s chang e thei r  hypothese s an d reac h a 
highe r  leve l  i n th e hypothesi s space .  Mer e proble m exposure , 
withou t  feedback ,  di d no t  lea d t o hypothesi s revision . 

Background and Purpose 

Question s abou t  th e cognitiv e psycholog y o f  scientifi c 
discover y hav e bee n approache d fro m tw o relativel y 
distinc t  perspectives .  O n e approac h focuse s o n th e formal , 
domain-general ,  processe s supportin g th e cycl e o f 
hypothesi s induction ,  evidenc e generatio n an d hypothesi s 
evaluation .  Thes e processe s hav e bee n characterize d a s a 
problem-solvin g searc h i n a  spac e o f  hypothese s an d a 
spac e o f  experiment s (e.g .  Dunbar ,  1989 ;  Klahr ,  Dunba r  & 
Fay ,  1989 ;  Klah r  &  Dunbar ,  1988 ;  Kuhn ,  Amse l  & 
O'Loughlin ,  1988 ;  Kuh n &  Phelps ,  1982 ;  Schauble ,  1990) . 
Al l  o f  thes e process-oriente d approache s hav e use d eithe r 
arbitrar y domain s o r  ver y simpl e physica l  domains .  Th e 
othe r  approac h focuse s o n domain-specifi c  conten t 
knowledg e abou t  aspect s o f  th e physica l  wori d (  e.g. ,  mass , 
density ,  heat ,  temperature ,  kinematics ,  etc.) ,  especiall y i n 
th e are a o f  scienc e educatio n (e.g .  Brewe r  & 
Samarapungavan ,  1990 ;  Chi ,  Glase r  &  Rees ,  1982 ;  Reif , 
1987 ;  Vosniado u &  Brewer ,  1990) .  Thes e studie s focu s o n 
people' s conten t  knowledg e o f  th e physica l  world ,  bu t 
the y d o no t  articulat e th e proces s o f  hypothesi s formatio n 
and revision . 

This study attempts to integrate the two perspectives by 
studyin g people' s naive ,  complex ,  an d idiosyncrati c 
knowledg e abou t  a  rea l  physica l  domain ,  an d b y 
representin g thi s knowledg e i n term s o f  searc h throug h a n 
hypothese s space .  Ou r  methodologica l  contributio n i s a 
n e w representatio n fo r  capturin g differen t  level s o f 

knowledg e abou t  th e physic s o f  buoyan t  forces .  Th e 
psychologica l  contributio n i s a  preliminar y compariso n o f 
th e effect s o f  proble m exposur e plu s feedbac k versu s 
proble m exposur e alon e o n people' s tendenc y t o revis e thei r 
hypotheses .  I f  ther e wer e a  "tes t  effect "  fro m repeate d 
exposur e t o problem s tha t  varie d alon g differen t  physica l 
dimensions ,  the n on e woul d expec t  t o se e improvemen t 
eve n i n th e absenc e o f  feedback .  I n contrast ,  w e foun d tha t 
simpl y exposin g peopl e t o a  variet y o f  problems ,  withou t 
providin g feedbac k abou t  thei r  prediction s wa s insufficien t 
t o caus e substantia l  change s i n thei r  hypotheses .  Onl y 
when feedbac k wa s provide d di d peopl e ten d t o mov e 
towar d increasingl y correc t  an d consisten t  hypothese s 
abou t  th e domai n unde r  investigation . 

Method 

Tasks .  Th e basi c physica l  domai n involve d reasonin g 
abou t  buoyan t  force s an d liqui d displacement .  Subjects ' 
hypothese s wer e assesse d b y a  serie s o f  pairwis e 
comparison s adapte d fro m wor k b y Itakur a e t  a l  (1988) . 
(Se e Figur e 1) .  Ther e wer e tw o cube s an d tw o beaker s wit h 
liqui d o n a  balanc e scal e i n al l  tasks .  Subject s wer e 
require d t o predic t  whic h sid e o f  th e scal e woul d g o down , 
or  i f  i t  woul d balance ,  i f  i t  wer e fre e t o move .  The y wer e 
als o require d t o stat e th e reaso n fo r  thei r  prediction .  I n 
Tas k 1 ,  ther e i s a  cla y cub e i n th e botto m o f  th e wate r  i n 
th e lef t  beake r  an d a  styrofoa m cub e floatin g o n th e wate r 
i n th e right  beaker .  Fo r  Task s 2  t o 10 ,  cube s o f  th e bot h 
side s ar e supporte d b y stif f  wir e connecte d wit h iro n 
stands .  Eac h tas k contrast s a  differen t  se t  o f  propertie s o f 
cube s o r  liqui d (e.g .  differen t  volumes ,  o r  sizes ,  o r 
densities ,  o r  shape s o f  cubes ,  differen t  depth s o f 
submersio n i n liquid ,  differen t  shape ,  differen t  densitie s o f 
liquid) . 

Design. There were three conditions. In all conditions, 
subject s wer e presente d wit h a  serie s o f  physic s problem s 
abou t  whic h the y ha d t o mak e a  predictio n base d o n thei r 
understandin g o f  th e underlyin g forces .  I n th e Hypothesi s -
Feedbac k (HF )  condition ,  subject s wer e require d t o stat e a n 
hypothesi s befor e receivin g feedbac k o n eac h task .  I n th e 
Feedback-Hypothesi s (FH )  condition ,  subject s wer e give n 
feedbac k befor e bein g aske d t o stat e thei r  curren t 
hypothesis .  I n th e Hypothesi s -  N o Feedbac k ( H N ) 
condition ,  subject s wer e no t  give n an y feedback .  I n orde r 
t o analyz e th e hypothesi s spac e searc h proces s i n detail , 
thi s investigatio n wa s designe d a s a  serie s o f  relate d cas e 
studies ,  wit h tw o subject s i n eac h condition . 
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Subjects .  Si x nativ e Japanes e no n scienc e graduate s o f 
Japanes e universitie s wer e used .  Subject s ha d no t  studie d 
Physic s sinc e graduatin g hig h school .  O n e mal e an d on e 
femal e wer e i n eac h condition .  Th e experimente r  wa s a 
native-speakin g Japanese .  Al l  experiment s wer e conducte d 
i n Japanese . 

Procedure. Subjects were run individually. They were 
insuucte d i n h o w t o giv e verba l  protocols ,  an d al l  o f  thei r 
tas k response s wer e recorde d o n a  V C R an d a n audi o tap e 
recorder .  Problem s wer e presente d bot h i n a  diagra m an d 
on a  vide o monitor .  Followin g eac h prediction ,  th e actua l 
outcom e wa s presente d o n th e monito r  (i n th e H F an d F H 
conditions) . 

Subject s wer e tol d tha t  th e te n task s wer e relate d t o eac h 
othe r  t o som e extent .  Th e first  tas k ha d tw o parts .  Fo r  th e 
Buoyanc y pre-tes t  subject s wer e asked :  " W h y d o yo u thin k 
th e cla y sinks ,  whil e th e styrofoa m floats ? Pleas e tal k 
alou d abou t  wha t  yo u ar e thinking. "  Followin g th e 
subject' s explanation ,  th e experimente r  asked :  "O n wha t 
di d yo u bas e you r  explanation? "  Afte r  th e subject' s 
explanatio n o f  th e basis ,  th e experimente r  aske d th e subjec t 
fo r  a  confidenc e ratin g o n a  7  poin t  scale . 

The nex t  questio n wa s a  balanc e scal e questio n (Tas k 1 : 
Balanc e scal e pre-test) .  Th e experimente r  displaye d a  car d 
wit h a  pictur e an d a n informatio n lis t  o f  th e feature s o f  thi s 
task .  The n th e experimente r  aske d th e subjec t  t o predic t 
whic h sid e woul d g o dow n o r  i f  the y woul d balance .  Th e 
experimente r  als o aske d th e subjec t  w h y he/sh e though t  so . 
Afte r  th e subject' s predictio n an d explanation ,  th e 
experimente r  agai n aske d fo r  th e subject' s basi s an d 
confidenc e level .  Card s wer e displaye d s o tha t  subject s 
coul d refe r  t o the m a t  an y time . 

Then ,  tas k 2  wa s presented .  I n th e H- F conditio n an d th e 
H- N condition ,  th e subjec t  wa s aske d th e sam e questio n a s 
i n th e balanc e scal e pre-tes t  i n tas k 1 .  Then ,  eac h subjec t  i n 
th e H - N conditio n wen t  t o th e nex t  task .  Eac h subjec t  i n 
th e H- F conditio n wa s give n feedbac k abou t  th e 
experimenta l  outcom e throug h th e displa y o f  th e videotap e 
and wa s aske d t o stat e (a )  a  reaso n wh y he/sh e though t  thi s 
resul t  occurred ,  (b )  th e basi s o f  his/he r  explanation ,  an d th e 
confidenc e i n tha t  explanation .  I n th e F- H condition , 
subject s wer e no t  aske d t o predic t  th e outcome .  Instead , 
the y wer e firs t  show n feedbac k o n th e experimenta l 
outcom e an d the n aske d t o giv e a  reaso n fo r  th e outcome , 
th e basi s o f  th e explanation ,  an d th e confidenc e level . 

'Th e sam e procedur e continue d throug h tas k 10 ,  afte r 
whic h subject s wer e aske d i f  the y coul d stat e a  consisten t 
theor y tha t  coul d accoun t  fo r  al l  th e tasks .  Subject s wer e 
als o aske d t o stat e th e basi s o f  thei r  explanatio n an d thei r 
confidenc e i n it .  Subject s wer e aske d t o sor t  thes e te n 
task s base d o n th e similarit y o f  th e underlyin g physica l 
principl e determinin g thei r  outcomes .  The n the y wer e 
aske d t o subdivid e eac h category ,  an d finally  t o combin e 
th e first  categor y t o a  highe r  grou p i f  possible . 

Then subject s wer e aske d th e origina l  buoyanc y questio n 
and th e balanc e scal e questio n i n tas k 1  agai n (Buoyanc y 
post-tes t  an d Balanc e scal e post-test) .  Finally ,  eac h subjec t 

was aske d abou t  his/he r  backgroun d knowledg e abou t 
physic s an d science . 
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Figur e 1 .  Task s i n thi s experiment . 

Results 

Cod in g o f  hypotheses .  Subjects '  protocol s wer e 
transcribe d fro m tape s an d code d a t  a  hig h enoug h leve l  t o 
describ e th e subjects '  hypotheses .  Th e codin g categorie s ar e 
show n i n Tabl e I  an d th e hypothesi s spac e i s describe d a s a 
hierarchica l  tre e structur e (Se e Figure s 3 ,  5 ,  7  an d 9 ,  whic h 
depic t  individua l  subjects '  m o v e m e n t  throug h th e 
hypothesi s space) .  Eac h nod e i n th e hypothesi s spac e 
represent s a  rul e abou t  h o w t o determin e th e ne t  forc e o n 
eac h sid e o f  th e scale .  Th e to p nod e show s thre e type s o f 
"Exper t  Physicist "  theories . 

1) Tension theory: F=Wc-HWl+Wb-T. In this case, 
externa l  forc e i s th e forc e o n th e containe r  an d th e 
wate r  an d th e block . 
2)  Buovanc v theorv :  F=Wc-HWl+D l *Vb . l *g . 
Dl*Vb.l* g mean s buoyanc y force ,  whic h i s 
determine d b y th e densit y o f  th e hquid ,  th e volum e o f 
displace d liqui d (whic h i s equa l  t o th e volum e o f  th e 
bloc k i n th e water )  an d th e gravitationa l  constant .  I n 
thi s case ,  externa l  forc e i s th e forc e o n th e containe r 
and th e block . 
3)  Hydrostati c Pressur e theorv :  F=Dl*Hl*A*g .  I n thi s 
case ,  externa l  forc e i s th e forc e o n th e container . 

The hypothesis space is divided into three frames derived 
fro m th e exper t  theories :  th e Tensio n fram e i n th e lef t 
(whic h include s th e Tensio n Hypothese s group) ,  th e 
Buoyanc y fram e i n th e middl e (whic h include s th e 
Buoyanc y Hypothese s group) ,  an d th e Hydrostati c Pressur e 
fram e i n th e right  (whic h include s th e Hydrostati c Pressur e 
Hypothese s group) .  Becaus e ther e i s insufficien t 
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informatio n abou t  th e tensio n force ,  th e Tensio n theor y ca n 

no t  predic t  th e righ t  answers .  T h e S A M E B L O C K 
hypothesi s doe s no t  belon g l o thes e thre e frames ,  becaus e i t 
i s  m o r e basi c tha n them . 

There are sub-categories in each frame. Levels are 

loosel y connecte d t o th e vertica l  dimension .  Hypothese s 
depicte d nea r  th e to p o f  Figur e 3  ca n b e regarde d a s bein g 
close r  t o th e Exper t  solutions .  T h e neste d boxe s withi n a 
large r  bo x ca n b e regarde d a s i n th e sam e level .  Soli d line s 
betwee n node s m e a n tha t  ther e i s a  direc t  relationshi p an d 
dashe d line s m e a n tha t  ther e i s a n indirec t  relationship . 

Tabic 1 ^^ftdlng Catcgftrks of Protwol 

T '^ Wb (F x; Wb) The tension from the wire supports the 
weigh t  o f  th e bloc k an d th e scal e forc e i s unrelate d t o th e weigh t 
of  th e block . 
F :  W b - T Th e scal e forc e i s  determine d b y th e weigh t  o f  th e 
bloc k minu s th e tensio n force . 
F = W c + W l + W b -T (Tensio n theory) .  Th e scal e forc e equal s th e 
su m o f  th e containe r  weigh t  plu s th e liqui d weigh t  plu s th e bloc k 
weigh t  minu s th e tensio n fro m th e wire .  Thi s i s a  physicis t 
theory . 
F :  S b Th e scal e forc e i s determine d b y th e siz e o f  th e block . 
F :  Sb. l  Th e scal e forc e i s determine d b y th e siz e o f  th e bloc k i n 
th e liquid . 
F :  W b Th e scal e forc e i s determine d b y th e weigh t  o f  th e block . 
F :  Wb. l  Th e scal e forc e i s determine d b y th e weigh t  o f  th e bloc k 
i n th e liquid . 
F :  S A b Th e scal e forc e i s determine d b y th e surfac e are a o f  th e 
block . 
F :  SAb. l  Th e scal e forc e i s determine d b y th e surfac e are a o f  th e 
bloc k i n th e liquid . 
F :  V S A b Th e scal e forc e i s determine d b y th e volum e (whic h i s 
relate d t o th e surfac e area )  o f  th e block . 
F :  VSAb. l  Th e scal e forc e i s determine d b y th e volum e (whic h 
i s relate d t o th e surfac e area )  o f  th e bloc k i n th e liquid . 
F :  V b Th e scal e forc e i s determine d b y th e volum e o f  th e block . 
F :  Vb. l  Th e scal e forc e i s determine d b y th e voliun e o f  th e bloc k 
i n th e liquid . 
F :  Dl„Vb. l  ( = F  :  SGl„Vb.l )  Th e scal e forc e i s determine d b y 
th e densit y o f  th e liqui d an d th e volum e o f  th e bloc k i n th e liquid . 
I n thi s case ,  subjec t  ma y no t  kno w th e clea r  relationshi p betwee n 
th e densit y o f  th e liqui d an d th e volum e o f  th e bloc k i n th e liqui d 
(tha t  is ,  th e densit y o f  liqui d time s th e volum e o f  th e bloc k i n th e 
liqui d determine s th e scal e force) . 
F :  Dl*Vb. l  ( = F  :  SGl*Vb.l )  Th e scal e forc e i s determine d b y 
th e densit y o f  th e liqui d time s th e volum e o f  th e bloc k i n th e 
liquid . 
F=Wc+Wl+Dl*Vb. l * g (Buoyanc y theory) .  Th e scal e forc e 
equal s t o th e weigh t  o f  th e containe r  plu s th e weigh t  o f  th e liqui d 
plu s th e densit y o f  th e liqui d time s th e volum e o f  th e bloc k i n th e 
liqui d time s th e gravitatio n force .  Dl*Vb. l  mean s th e buoyanc y 
force . 
F:  H I  Th e scal e forc e i s determine d b y th e heigh t  o f  th e liquid . 
F :  D1„H 1 ( = F  :  SG1.,H1 )  Th e scal e forc e i s determine d b y th e 
densit y o f  th e liqui d an d th e heigh t  o f  th e liquid .  I n thi s case , 
subjec t  ma y no t  kno w th e clea r  relationshi p betwee n th e densit y 

of  th e liqui d an d th e heigh t  o f  th e liqui d (tha t  is ,  th e densit y o f  th e 
liqui d time s th e heigh t  o f  th e liqui d determine s th e scal e force) . 
F:D1*H 1 (=F:SG1*H1 )  Th e scal e forc e i s determine d b y th e 
densit y o f  th e liqui d time s th e heigh t  o f  th e liquid . 
F=Wc+Dl*H l *A* g (Hydrostati c pressur e theory) .  Th e scal e 
forc e equal s th e weigh t  o f  th e containe r  plu s th e densit y o f  th e 
liqui d time s th e heigh t  o f  th e liqui d time s th e botto m are a time s 

gravitatio n force . 
S A ME B L O C K I f  th e sam e sor t  o f  block s ar e pu t  o n th e bot h 
side s o f  a  balanc e scale ,  th e scal e balances .  Thi s i s a  basi c ide a 
abou t  balanc e scale . 
N O I D E A Th e subjec t  di d no t  hav e an y clea r  ide a abou t  th e us k 

2 3 4 
tas k 

5 6 7 B  9  1 0 

2 T«Wb Q 

F Wb-T ,  ( F x ;  Wb)  \ 

F:H I  © -
3 F  :  DI,,H I 

-0- » -0- 9 -o-»-o-» ^ -O-»-0-»- Q 

» o ^ 
Noi t  i.B»»i c hypolhMis ,  2.T»ntK> n (r»m» ,  3.Hydro»t«ii c Pr«»5ur » tr«me , 
4.Buoy«nc y lt»m « 0*»<oi » (••dbac k •  -atl w (Mdback ® -failur e tMdbac k 

F i g u r e 2 .  H y p o t h e s e s c h a n g e followin g e a c h tas k fo r 

SI . 

Individual subjects 

We wil l  describ e i n detai l  onl y fou r  subjects .  Spac e 
constraint s preclud e a  descriptio n o f  th e othe r  two .  Eac h 
subject' s searc h throug h th e hypothesi s spac e i s depicte d i n 
tw o ways .  Th e tabula r  for m (Figure s 2, 4 an d 6 )  show s th e 
tempora l  dynamic s o f  eac h proble m an d th e effec t  o f 
feedbac k (i f  any) .  I n thes e Figures ,  a  plai n lin e betwee n 
dot s mean s tha t  th e subjec t  change d hypothese s withou t 
keepin g previou s hypothesi s fo r  previou s tasks .  Dashe d 
line s betwee n dot s mea n tha t  subject s searche d fo r  ne w 
hypothese s whil e maintainin g a  previou s hypothesi s fo r 
previou s tasks .  I n additio n t o th e tempora l  representation , 
we us e th e hierarchica l  representatio n o f  th e hypothese s 
spac e show n i n Figure s 3 ,  5  an d 7 .  I n thes e figures,  plai n 
line s wit h arrow s mea n tha t  th e subjec t  change d hypothese s 
withou t  keepin g th e previou s hypothesis .  Dashe d line s 
wit h a n arro w mea n tha t  th e subjec t  searche d fo r  a  ne w 
hypothesi s whil e keepin g a  previou s hypothesis . 

H-F condition, SI (male). Si's pre-test results showed 
tha t  h e ha d basi c knowledg e abou t  buoyanc y an d balanc e 
scales .  S I  change d hi s hypothesi s twice ;  afte r  failur e 
feedbac k i n tas k 2  an d tas k 9 .  (Se e Figur e 2 )  Failur e 
feedbac k wa s a  ke y facto r  i n hi s theor y revision .  Hi s 
confidenc e ratin g wa s als o change d fix)m 7  t o 3  afte r  th e 
firs t  failur e feedbac k an d 5  t o 3  afte r  th e secon d failur e 
feedback .  Figur e 3  show s th e chang e o f  hypothese s throug h 
eac h task .  S I  move d fro m th e Tensio n fram e t o th e 
Hydrostati c Pressur e fram e i n th e first  chang e an d move d 
fro m lowe r  leve l  t o highe r  leve l  i n th e Hydrostati c Pressur e 
fram e i n th e secon d change .  Fo r  hi s final  "integrative " 
theory ,  S I  actuall y maintaine d tw o distinc t  theorie s -  on e t o 
accoun t  fo r  Task s 2-8 ,  an d anothe r  fo r  9  an d 10 . 
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Figur e 3 .  T h e Hypothesi s Spac e Trajector y fo r  S I . 

H-F condition, S2 (female). 82 incorrectly answered the 
buoyanc y pre-test s usin g onl y th e concep t  o f  weight .  Sh e 
di d hav e basi c knowledg e abou t  balanc e scales .  8 2 change d 
her  hypothese s seve n times ;  (Se e Figure s 4  an d 5 )  afte r 
failur e feedbac k i n tas k 3 ,  befor e receivin g feedbac k an d 
afte r  failur e feedbac k i n tas k 4 ,  befor e receivin g feedbac k 
and afte r  failur e feedbac k i n tas k 8 ,  an d befor e receivin g 
failur e feedbac k an d afte r  failur e feedbac k i n tas k 9 .  Sh e 
change d fro m a  lowe r  leve l  o f  hypothesi s t o a  highe r  leve l 
of  hypothesi s i n tas k 3 .  Sh e change d fro m a  les s correc t 
hypothesi s t o a  m o r e correc t  hypothesi s i n tas k 4  an d tas k 
8.  However ,  i n tas k 9 ,  S 2 coul d no t  find  an y hypothesi s a t 
al l  becaus e sh e lacke d a  clea r  ide a abou t  liqui d density . 
Althoug h sh e als o change d he r  hypothese s w h e n sh e face d 
n e w task s befor e receivin g failur e feedback ,  th e change s 
wer e smal l  o r  i n th e directio n fro m a  highe r  leve l  t o a  lowe r 
level .  Tha t  is ,  sh e change d fro m th e concep t  o f  siz e i n 
whic h th e concep t  o f  weigh t  a n d v o l u m e ar e no t 
distinguishe d i n tas k 3  t o th e concep t  o f  weigh t  wh ic h 
became distinguishe d fro m th e concep t  o f  volume . 

Th e chang e fro m V  t o V S A i n tas k 8  ca n als o b e regarde d 
as a  smal l  change .  I n thi s case ,  S 2 di d no t  atten d t o th e 
relationshi p betwee n vo lum e an d surfac e are a befor e bein g 
face d wit h tas k 8 .  O n tas k 8 ,  he r  knowledg e abou t  tha t 
relationshi p w a s activate d fro m he r  m e m o r y a s sh e state d 
i n he r  basis .  T h e chang e fro m V  i n tas k 8  t o S A M E 
B L O CK i n tas k 9  ca n b e regarde d a s a  chang e o f 
applicatio n o f  he r  existin g hypothesi s t o th e n e w tas k rathe r 
tha n a  discover y o f  a  n e w hypothesis ,  becaus e S A M E 
B L O CK hypothesi s i s regarde d a s a  basi c hypothesi s tha t 
eve n childre n have .  I t  i s  clea r  tha t  S 2 m o v e d fro m a  lowe r 
leve l  t o a  highe r  leve l  an d m o v e d fro m a  les s correc t 
hypothese s t o a  m o r e correc t  hypothese s i n th e Buoyanc y 
frame .  W h e n sh e w a s face d wit h tas k 9 ,  sh e applie d a  basi c 
hypothesis .  H o w e v e r ,  sh e coul d no t  interpre t  las t  tw o tasks . 
S2 ha d thre e type s o f  final  hypothese s whic h applie d t o 
differen t  tasks .  Althoug h th e first  t w o hypothese s wer e i n 
th e sam e category ,  sh e w a s unabl e t o integrat e the m int o a 
unifie d hypothesi s a t  th e highe r  level . 

1 SAME BLOCK 
2 T'VVb 
F Wb-T, (F X. Wb) 

^ 

F.HI 
3 F : DL.HI 
F : DI-HI 

F:  V b 
F:Sb l 

VSAb 

Figur e 4 . 
S2. 

Hypothese s chang e followin g eac h tas k fo r 

F-Wc«WI.Wb T  (Tension l 
F^Wc.Wl.DfVbr g (B<juy.tncy ) 
F̂ WC.CX'MI'A' g (HydrobUb c 

Pf*&SUIH ) HydtOSUbC 
Iram* 

CK-VO 

a.  Vb l 

JT*Wt o ( F • .  Wt> l  I 
VbOf  VSA w 

SAME BLOCK 

Figur e 5 .  Hypothesi s Spac e Trajector y fo r  S 2 . 

F-H condition, S3 (male). S3 had basic knowledge about 
buoyanc y an d balanc e scales .  H e change d hi s hypothesi s 
twice ;  i n tas k 2  an d i n tas k 9 .  (Figure s 6  an d 7 )  Althoug h 
subject s i n th e F - H conditio n wer e no t  require d t o stat e 
thei r  hypothese s befor e receivin g feedback ,  w e infe r  thei r 
implici t  predictio n fro m thei r  hypothesi s o n th e previou s 
task .  Thus ,  w e infe r  tha t  S 3 receive d failur e feedbac k i n 
tas k 2  an d tas k 9 .  I n tas k 2 ,  h e asked ,  "Whi l e th e wir e 
support s blocks ,  th e lef t  sid e wen t  d o w n ? "  O u r  inferenc e i s 
tha t  h e ha d T ' ^W b hypothesi s an d ha d predicte d tha t  th e 
scal e shoul d hav e balanced ,  bu t  i t  didn't .  I n tas k 9 ,  becaus e 
hi s hypothesi s i n tas k 8  predict s th e w r o n g ou tcome ,  w e 
als o infe r  tha t  h e receive d failur e feedback .  I n tha t  sense , 
failur e feedbac k influence d h i m t o chang e hi s hypotheses . 
Figure s 6  an d 7  s h o w tha t  h e m o v e d fro m th e Tensio n 
fram e t o th e Buoyanc y fram e i n th e first  chang e an d m o v e d 
fro m a  lowe r  leve l  t o a  highe r  leve l  i n thi s fram e i n th e 
secon d change .  H e ha d a  singl e hypothesi s t o explai n task s 
2-10 . 
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Figur e 7 .  Hypothesi s Spac e Trajector y fo r  S3 . 

H - N condition ,  S 4 (female) .  S 4 ha d basi c knowledg e 
abou t  buoyanc y an d balanc e scales .  S 4 di d no t  chang e he r 
hypothese s a t  d\\ ,  althoug h sh e state d a  differen t  hypothese s 
vaguel y a t  th e sam e tim e i n tas k 6  an d 7 .  Sh e remaine d i n 
th e Tensio n fram e throughou t  Sh e ha d on e hypothesi s t o 

accoun t  fo r  al l  tasks . 

Summary of Findings 

1)  People' s knowledg e abou t  physica l  domain s ca n b e 
characterize d a s a n hypothesi s space ,  an d change s i n tha t 
knowledg e ca n b e describe d a s a  searc h throug h th e 
hypothesi s space . 

2)  Ther e wa s a  dramati c differenc e betwee n th e H- F 
conditio n an d th e H - N condition .  Subject s w h o receive d 
feedbac k change d thei r  hypothese s fro m a  frame  t o anothe r 
fram e o r  fro m a  lowe r  leve l  t o a  highe r  level ,  especiall y 
afte r  receivin g failur e feedback .  O n th e othe r  hand ,  subject s 
w ho di d no t  receiv e feedbac k di d no t  chang e thei r 
hypotheses .  Tha t  is ,  simpl y bein g expose d t o a  variet y o f 
problem s wa s insufficien t  t o mak e subject s searc h th e 
hypothesi s space .  However ,  i n th e H- F conditio n (SI ,  S2) , 

subject s di d mak e smal l  change s i n thei r  hypothese s eve n 
when the y face d ne w task s befor e receivin g feedback . 

3)  Ther e i s n o clea r  differenc e betwee n th e H- F conditio n 
and th e F- H condition . 

4 )  Subject s i n th e feedbac k condition s use d feedbac k 
informatio n fro m earlie r  task s t o solv e subsequen t  tasks . 
However ,  subject' s explanation s di d no t  necessaril y 
generaliz e t o al l  tasks .  Instead ,  ihe y use d severa l  differen t 
explanation s fo r  differen t  group s o f  tasks . 
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