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Abstrac t 
Previou s researc h suggest s tha t  preschooler s hav e logica l 
or  cognitiv e deficit s tha t  limi t  thei r  understandin g o f 
gravit y a s a n explanator y concept .  Fou r  experiment s 
wer e designe d t o tes t  whether ,  i n contras t  t o th e result s 
fro m previou s research ,  preschooler s hav e a  coherent , 
consisten t  an d theoretica l  understandin g o f  gravity .  I n 
eac h study ,  preschooler s mad e judgment s regardin g 
objects '  behavio r  i n a t  leas t  on e gravity-relate d even t 
(e.g. ,  spee d o f  fallin g objects ,  trajector y o f  throw n 
objects ,  th e behavio r  o f  balanc e scales) .  Prediction s 
wer e mad e abou t  children' s performanc e base d o n th e 
hypothesi s tha t  preschooler s understan d gravit y t o b e a 
propert y o f  objects .  Predicte d age-relate d change s i n 
causa l  judgment s wer e foun d o n eac h task ,  a s wer e 
positiv e correlation s i n performance s acros s th e tasks . 
The result s suppor t  th e clai m tha t  preschooler s 
understan d gravit y a s a  propert y o f  objects ,  a n 
understandin g tha t  undergoe s conceptua l  change . 

Introduction 

Researc h fro m a  variet y o f  theoretica l  perspective s withi n 
cognitive-developmenta l  psycholog y suggest s tha t  children' s 
knowledg e abou t  th e natur e o f  th e gravit y develop s ove r  age . 
However ,  ther e i s disagreement  abou t  th e natur e an d proces s 
of  th e developmenta l  change .  Selman ,  Krupa ,  Stone ,  an d 
Jacquett e (1982 )  foun d a  contingenc y betwee n 5 -  t o 20-year -
olds '  response s t o a n intervie w measur e o f  gravit y 
knowledg e an d measure s o f  iogico-mathematica l  reasoning . 
I t  wa s claime d tha t  childre n i n Piaget' s preoperationa l  stage , 
who lac k logicall y reversibl e assimilator y structures ,  ar e 
onl y abl e t o understan d gravit y a s a  cause-and-effec t  relatio n 
betwee n a n ac t  (e.g. ,  releasin g a n object )  an d a n outcom e 
(e.g. ,  a n objec t  falling) .  Thes e author s claime d tha t  a 
complet e understandin g o f  gravit y a s a n explanatio n o f  th e 
behavio r  o f  object s i s acquire d onl y b y adolescent s w h o hav e 
previousl y acquire d forma l  operations .  Researc h fro m a n 
information-processin g perspectiv e ha s focuse d o n 
developmenta l  change s i n performanc e o n gravity-relate d 
tasks .  Fo r  example .  Kaiser ,  Proffitt ,  an d McCloske y 
(1985 ,  Exp .  1 )  foun d tha t  preschooler s incorrectl y predicte d 
tha t  a n objec t  launche d fro m a  tabl e woul d fal l  i n a  straight -
down o r  inverted- L rathe r  tha n a  paraboli c trajectory , 
regardles s o f  whethe r  th e objec t  wa s launche d passivel y fro m 
a movin g objec t  o r  activel y fro m a n incline d plane .  The y 
als o foun d (Exp .  2 )  tha t  preschooler s predicte d a  straight -
down uajector y fo r  object s launche d fro m a  tabl e a t  differen t 
speeds .  Kaise r  e t  al .  claime d tha t  youn g childre n lacke d th e 
necessar y cognitiv e capacit y an d relevan t  experienc e t o 
recogniz e tha t  a n objec t  move s i n a  paraboli c trajector y 
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when launche d fro m a  table .  Y o u n g children ,  the y claimed , 
ar e onl y abl e t o m a k e prediction s o n th e basi s o f  th e rul e 
tha t  object s fal l  straight-dow n w h e n unsupported . 
Nussbau m an d Nova k (1976 )  als o foun d tha t  youn g childre n 
hol d a  straight-dow n directio n rul e w h e n predictin g th e 
trajector y o f  object s fallin g i n space . 

Thes e representativ e studie s sugges t  tha t  youn g children' s 
understandin g o f  gravit y a s a n explanatio n o f  th e behavio r  o f 
object s i s  limite d o r  constraine d b y cognitiv e o r  logica l 
deficits .  I n thi s pape r  w e presen t  evidenc e fro m 4  studie s 
testin g th e result s fro m previou s research .  Th e majo r  goa l 
of  thi s researc h i s t o demonstrat e tha t  youn g childre n hav e a 
theoretical ,  general ,  an d consistent ,  albei t  incorrec t 
understandin g o f  gravit y a s a  propert y o f  objects . 

Experiment 1: Preschoolers' Causal 

K n o w l e d g e A b o u t  G r a v i t y a n d L i g h t 

Children' s abilit y t o for m theorie s ha s bee n questione d b y 
studie s showin g tha t  preschooler s lac k th e cognitiv e tool s t o 
explai n m a n y physica l  phenomena .  Fo r  example ,  i t  i s 
claime d tha t  preschooler s d o no t  understan d tha t  gravit y 
(Selma n e t  al. ,  1982 )  an d ligh t  (DeVries ,  1979 ;  Piage t  & 
Garcia ,  1974 )  involv e th e actio n o f  a  causa l  force .  Thes e 
studie s wer e base d o n children' s verba l  explanation s o f 
weightlessnes s an d free-fal l  (gravity-relate d events) ,  an d 
projectio n an d shadow s (light-relate d events) .  Th e firs t 
stud y test s thi s clai m b y assessin g preschoolers '  causa l 
judgment s (no t  verba l  explanations )  abou t  th e statu s o f  fou r 
variable s wit h regar d t o gravit y an d light .  Subject s m a d e 
judgment s regardin g eac h variable' s effec t  o n th e spee d o f 
fallin g object s an d th e lengt h o f  objects '  shadows .  I f 
childre n lac k causa l  knowledg e abou t  ligh t  o r  gravity ,  the n 
the y shoul d sho w a n inconsisten t  patter n o f  judgment s 
regardin g th e causa l  statu s o f  th e variables . 

Nin e 4 -  an d 5-year-old s ( 4 girl s an d 5  boys )  wer e th e 
subject s i n th e experiment .  Th e childre n judge d whethe r 
variatio n i n height ,  distance ,  orientation ,  an d weigh t 
influence s th e speed s o f  object s i n free-fal l  an d th e lengt h o f 
objects '  shadows .  Th e free-fal l  tas k involve d droppin g tw o 
object s tha t  lande d o n th e tabl e o r  a n elevate d bo x (distance) , 
fro m on e o f  tw o position s o n a  stan d (height) .  Th e shado w 
tas k involve d illuminatin g tw o object s tha t  wer e place d o n 
th e tabl e to p o r  elevate d o n a  bo x (distance) ,  wit h flashlights 
place d i n on e o f  tw o position s o n a  stan d (height) .  Eac h 
tas k wa s presente d twic e t o subjects ,  usin g smal l  rectangula r 
woode n block s an d a  six-piec e leg o structure .  Bot h heigh t 

an d distanc e ar e causa l  variable s (the y influenc e th e 

outcomes) ,  wherea s orientatio n an d weigh t  ar e no t  causal . 
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Thes e latte r  variable s wer e manipulate d b y turnin g th e bloc k 
or  leg o structur e aroun d (orientation) ,  an d b y addin g eithe r 
anothe r  bloc k o r  leg o piec e (weight) .  Subject s wer e 
randoml y presente d wit h eithe r  th e shado w o r  gravit y tas k 
first ,  the n complete d th e secon d task .  Us e o f  th e block s o r 
leg o firs t  wa s als o randoml y assigne d fo r  eac h subject .  Eac h 
tas k wa s complete d wit h th e block s an d lego s befor e th e 
secon d tas k wa s presented . 

Eac h proble m wa s pose d i n th e followin g way ;  fo r  th e 
free-fal l  task :  " W h e n I  le t  the m go ,  wil l  th e block s (legos ) 
hi t  th e groun d a t  th e sam e tim e o r  a t  differen t  times? "  an d 
fo r  th e shadow s problem :  " W h e n I  tur n o n th e flashlight , 
wil l  th e block s (legos )  hav e shadow s o f  th e sam e lengt h o r 
differen t  lengths? "  I f  subject s judge d tha t  th e objects ' 
length s o r  speed s woul d b e different ,  the y wer e the n aske d t o 
specif y th e objec t  tha t  woul d hi t  firs t  o r  hav e th e longe r 
shadow .  Subjects '  response s wer e code d a s correc t  o r 
incorrect .  Subjects '  mea n percentag e o f  correc t  judgment s 
on th e free-fal l  tas k ( M = .65 )  wa s significantl y highe r  tha n 
thei r  m e a n o n th e shado w tas k ( M = .38) .  Statistically , 
subjects '  mea n percentag e o f  correc t  response s o n th e shado w 
tas k di d no t  diffe r  fro m th e percentag e expecte d from  rando m 
respondin g ( M = .33) ,  wherea s i t  di d diffe r  o n th e free-fal l 
task .  Moreover ,  th e mean s fo r  al l  variable s o n th e free-fal l 
task ,  excep t  distance ,  wer e significantl y differen t  fro m 
rando m respondin g (p's<.01) ,  wherea s non e o f  th e variable s 
on th e shado w tas k wa s significantl y differen t  (se e Figur e 1) . 
Tha t  childre n predicte d tha t  weigh t  wa s a  noncausa l  facto r 
w as particularl y interestin g sinc e m a n y adult s us e a 
"heavier-faster "  predictio n strateg y regardin g th e behavio r  o f 
object s i n free-fal l  (Gunston e &  While ,  1981) . 
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Figur e 1 :  Percentag e o f  correc t  predictions ,  Exjjerimen t  1 

The results show that preschoolers make consistent 
j u d g m e n t s abou t  th e causa l  statu s o f  th e variable s regardin g 
free-fal l  bu t  no t  s h a d o w s .  T w o explanation s ca n explai n th e 
tas k difference s i n preschoolers '  per formance .  Preschooler s 
m ay h a v e h a d m o r e experienc e wit h gravity -  (e.g. ,  free-fall ) 
tha n light-relate d event s (e.g. ,  s h a d o w s ) ,  w h i c h ca n accoun t 
fo r  th e difference s i n tas k per formance .  Exper ienc e alon e i s 
likel y a n insufficien t  basi s fo r  m a k i n g consisten t  j u d g m e n t s 
abou t  th e non-causa l  statu s o f  variables .  H o w e v e r 

experienc e alon e coul d b e a  necessary ,  bu t  no t  a  sufficien t 
basi s fo r  m a k i n g non-causa l  j udgmen t s becaus e ther e ar e a n 
infinit e n u m b e r  o f  variable s tha t  ar e non-causally-relate d t o 
a n o u t c o m e .  T h e secon d explanatio n o f  th e result s i s  tha t 
preschooler s hav e differen t  concept s availabl e t o understan d 
free-fal l  a n d s h a d o w s .  I t  i s  p r o p o s e d tha t  childrens ' 
per fo rmance s ar e base d o n a  materialisti c  understandin g o f 
gravit y a n d a  non-materialisti c  understandin g o f  light .  I n a 
materialisti c  understandin g i t  i s  a s s u m e d tha t  ligh t  a n d 
gravit y h a v e a  physical ,  materia l  basi s (Reiner ,  C h i ,  & 
Resn ick ,  1 9 8 8 ) .  W i t h o u t  a  materialize d concep t  o f  light , 
childre n m a y k n o w tha t  ligh t  cause s o r  p roduce s s h a d o w s 
bu t  h a v e n o basi s fo r  understandin g h o w i t  doe s so .  A s a 
c o n s e q u e n c e ,  the y w o u l d h a v e n o basi s fo r  inferrin g h o w 
variatio n i n heigh t  a n d distanc e influence s th e lengt h o f 
s h a d o w s ,  o r  w h y w e i g h t  a n d orientatio n ar e non-causa l 
variables .  O n th e othe r  hand ,  children' s materia l  concep t  o f 
gravit y involve s understandin g tha t  ther e i s a  forc e o r 
mechanis m tha t  make s thing s fall .  Shult z (1982 )  ha s 
demonstrate d tha t  a n understandin g o f  mechanism s i s th e 
fundamenta l  basi s o f  preschoolers '  causa l  inferences .  Wit h 
respec t  t o gravity ,  a  materia l  understandin g support s 
inference s abou t  th e condition s unde r  whic h th e forc e o r 
mechanis m i s th e sam e fo r  tw o object s (e.g. ,  th e non-causa l 
variable s o f  orientatio n an d weight )  o r  differen t  fo r  tw o 
object s (e.g. ,  th e causa l  variabl e o f  height) . 

Experiment 2: The Nature of 

Preschoolers '  U n d e r s t a n d i n g o f  Grav i t y 

Despit e havin g a  materia l  understandin g o f  gravity ,  youn g 
childre n ma y stil l  understan d gravit y no t  a s a n attractio n 
betwee n masses ,  bu t  a s a  propert y o f  object s (Reiner ,  Chi , 
& Resnick ,  1988) .  Experimen t  2  test s th e clai m tha t  youn g 
childre n hav e a  material ,  object-oriente d understandin g o f 
gravity .  W e hypothesize d tha t  wit h a n object-oriente d 
understandin g o f  gravity ,  childre n woul d judg e tha t  th e 
gravitationa l  forc e withi n a n objec t  change s whe n it s 
appearanc e o r  structura l  integrit y i s altered .  I n particular ,  i t 
w a s predicte d tha t  childre n w i t h a n object-oriente d 
understandin g o f  gravit y w o u l d m a k e differen t  prediction s 
regarding  th e gravity-relate d behavio r  o f  object s tha t  diffe r  i n 
appearanc e o r  integrity . 

T o tes t  th e hypothesis ,  2 4 preschool ,  2 4 first  grade ,  1 2 
third/fourt h grade ,  1 2 sixth/sevent h grad e a n d 1 2 colleg e 
student s w e r e give n a  free-fal l  tas k an d a  weigh t  conservatio n 
task .  T h e task s w e r e presente d i n r a n d o m order .  I n th e 
weigh t  conservatio n task ,  subject s s a w thre e transformation s 
(rolle d int o sausage ,  cu t  i n half ,  an d cu t  int o m a n y pieces )  o f 
o n e o f  t w o identica l  p l ay -do h balls ,  and ,  afte r  eac h 
transformation ,  w e r e asked :  " W h i c h o n e we igh s m o r e ,  o r  d o 
the y w e i g h th e s a m e ? "  T h e free-fal l  tas k involve d 
presentin g t w o play-do h "bricks "  o f  equa l  size .  T h e subjec t 
w as the n asked ,  "I f  th e identica l  brick s ar e d roppe d a t  th e 
s a me t im e a n d f ro m th e s a m e height ,  wil l  the y lan d a t  th e 
s a me t im e o r  a t  differen t  t imes? "  U p o n agreein g tha t  th e 
brick s w o u l d lan d a t  th e s a m e t ime ,  th e experimente r  cu t  on e 

bric k int o t w o ,  stuc k th e t w o piece s b a c k together ,  an d agai n 
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aske d "I f  th e brick s ar e droppe d a t  th e sam e lim e an d fro m 
th e sam e height ,  wil l  the y lan d a t  th e sam e tim e o r  a t 
differen t  times? "  Th e subjec t  coul d answe r  tha t  th e tw o 
woul d lan d a t  th e sam e tim e (correct) ,  tha t  th e intac t  objec t 
woul d lan d faste r  (intac t  faster) ,  o r  tha t  th e altere d objec t 
woul d lan d faste r  (altere d faster) .  Th e tas k wa s repeate d 1 0 
times ,  wit h subject s bein g tol d tha t  th e bric k woul d b e cu t 
int o hundred s o f  piece s o n th e las t  repetition .  I t  wa s 
predicte d tha t  i f  childre n conceiv e o f  gravit y a s a  propert y o f 
objects ,  the n b y destroyin g th e integrit y o f  on e brick ,  th e 
tw o brick s woul d b e predicte d t o hi t  th e tabl e a t  differen t 
times . 

Subject s wer e ver y consisten t  i n thei r  judgments ,  wit h 
ove r  9 5 % o f  th e subject s givin g th e sam e respons e o n 6  ou t 
of  1 0 items .  Ther e wa s a  statisticall y significan t  age-relate d 
increas e i n th e percentag e o f  subject s w h o consistentl y mad e 
correc t  predictions ,  an d a n age-relate d decreas e i n th e 
percentag e o f  subject s w h o consistentl y mad e intac t  faste r 
prediction s (se e Figur e 2) .  Perhap s prediction s o n th e 
gravit y tas k simpl y reflec t  a  misunderstandin g tha t  th e 
weigh t  o f  th e play-do h bric k change s whe n i t  i s  cu t  up . 
That  is ,  subject s m a y judg e tha t  th e transforme d objec t 
weigh s a  differen t  amoun t  tha n th e intac t  object ,  an d becaus e 
of  th e differenc e i n weight ,  predic t  tha t  th e intac t  an d 
u-ansformc d object s behav e differently .  However ,  ther e wa s 
no contingenc y betwee n performanc e o n th e conservatio n o f 
weigh t  tas k an d th e free-fal l  tas k withi n an y ag e group . 
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Figur e 2 :  Subjects '  response s o n th e free-fal l  task ,  Exp .  2 

The results suggest that altering the integrity of objects 
influence s preschoolers '  prediction s regardin g th e behavio r  o f 
th e object s i n free-fall .  But ,  b y th e elementar y schoo l  years , 
childre n ar e n o longe r  substantiall y  influence d b y th e 
manipulatio n o f  th e structura l  integrit y o f  objects .  W h e n 
childre n mak e erroneou s free-fal l  predictions ,  the y ar e no t 
base d o n a  simpl e weigh t  strateg y (i.e. ,  objec t  perceive d a s 
heavie r  fall s  faster) ,  sinc e thos e subject s withi n eac h ag e 
grou p w h o conserve d weigh t  wer e n o mor e likel y t o mak e 
correc t  free-fal l  judgment s tha n thos e subject s w h o faile d t o 

conserv e weight .  Mos t  significantly ,  th e result s sugges t 
tha t  preschooler s mak e prediction s tha t  coul d no t  b e derive d 
fro m experienc e alone .  W e sugges t  tha t  th e prediction s ar e 
base d o n a n understandin g o f  gravit y tha t  i s  derive d fro m 
theoretica l  assumption s a s wel l  a s perceptua l  experiences . 
The theoretica l  assumptio n tha t  childre n m a k e i s tha t  gravit y 
i s  a  propert y o f  objects .  N o doub t  preschooler s ar e capabl e 
of  discoverin g propertie s o f  object s tha t  affec t  thei r  behavior ; 
fo r  example ,  tha t  rubber y object s bounce ,  brittl e object s 
break ,  an d tha t  spong y object s ar e pliable .  I n thi s case , 
childre n infe r  (rathe r  tha n observe )  tha t  certai n propertie s o f 
an objec t  ar e relate d t o it s  behavio r  i n free-fall . 

Experiment 3: Predictions on 

th e Free-fal l  a n d T r a j e c t o r y T a s k s 

Experiment s 1  an d 2  provid e evidenc e tha t  childre n hav e a 
materia l  an d theoretica l  understandin g o f  gravit y a s a 
propert y o f  a n object .  Thi s resul t  challenge s Selma n e t  al.' s 
clai m tha t  childre n ar e capabl e onl y o f  a n empirica l 
understandin g o f  gravit y du e t o genera l  logica l  deficit s (e.g. , 
a lac k o f  reversibl e operations) .  Experimen t  3  focuse s o n 
Kaise r  e t  al.' s  clai m tha t  preschooler s emplo y a  straight -
down rul e whe n makin g prediction s regardin g th e trajector y 
of  fallin g object s launche d fro m a  table .  The y clai m tha t  th e 
straight-dow n rul e result s fro m preschoolers '  cognitiv e 
limitation s i n integratin g th e horizonta l  an d vertica l  vector s 
of  motio n an d thei r  lac k o f  perceptua l  experience .  W e 
examin e whethe r  erroneou s prediction s regardin g th e 
trajector y o f  fallin g object s ca n b e explaine d a s du e t o 
children' s understandin g o f  gravit y a s a  propert y o f  a n object . 
I f  preschoolers '  us e o f  th e straight-dow n rul e reflect s a 
materia l  an d theoretica l  understandin g o f  gravit y a s a  forc e 
interna l  t o objects ,  the n (a )  us e o f  th e straight-dow n rul e i s 
theoreticall y deduce d an d no t  th e resul t  o f  cognitiv e 
limitation s o r  perceptua l  inexperience ,  an d (b )  preschooler s 
wil l  believ e tha t  ther e i s a  forc e interna l  t o rathe r  tha n 
operatin g o n object s tha t  cause s the m t o fal l  i n th e straight -
down trajectory .  T o tes t  whethe r  childre n believ e tha t  th e 
straight-dow n rul e reflect s a  theory-base d belie f  regardin g a 
forc e interna l  t o objects ,  w e teste d whethe r  preschooler s 
predic t  tha t  object s launche d fro m a  horizonta l  plan e ca n 
follo w tfajectories  othe r  tha n straight-down .  I f  preschooler s 
predic t  tha t  object s ca n follo w a  variet y o f  differen t 
trajectorie s (includin g th e paraboli c trajectory) ,  the n us e o f 
th e rul e doe s no t  merel y reflec t  a  cognitiv e o r  perceptua l 
defici t  (the y ca n integrat e horizonta l  an d vertica l  vectors )  o r  a 
belie f  i n a n externa l  forc e tha t  operate s o n objects .  I n 
Experimen t  3 ,  preschoo l  an d colleg e student s m a d e 
prediction s regardin g whethe r  a n objec t  launche d fro m a 
horizonta l  plan e coul d follo w a  variet y o f  differen t 
trajectories .  Anothe r  purpos e o f  Experimen t  3  wa s t o 
examin e th e generalit y o f  preschoolers '  understandin g o f 
gravity .  I f  thei r  understandin g o f  gravit y i s general ,  the n 
ther e ough t  t o b e empirica l  relation s betwee n performance s 
on th e free-fal l  an d trajector y tasks .  Thi s predictio n i s 
consisten t  wit h Carey' s (1985 )  clai m tha t  children' s 
knowledg e o f  th e worl d i s stfucture d i n term s o f  theorie s 
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wii h genera l  explanator y concept s an d causa l  belief s use d t o 
understan d a  domain . 

Nin e preschooler s an d 8  colleg e student s wer e give n a 
revise d versio n o f  Kaise r  e t  al.' s  trajector y tas k an d a  revise d 
versio n o f  th e free-fal l  task .  Th e revise d trajector y tas k 
involve d presentin g subject s wit h a  bloc k sittin g o n a 
cardboar d box ;  nea r  th e bo x wer e arrangement s o f  tw o 
hoops .  Subject s wer e require d t o judg e whethe r  o r  no t  the y 
coul d pus h th e bloc k of f  th e bo x s o tha t  i t  woul d g o thoug h 
th e arrangement s o f  tw o hoops .  Th e tw o hoop s wer e 
arrange d i n fiv e differen t  way s t o reflec t  thre e differen t 
trajectories .  T h e tw o Violatio n trajectorie s involve d 
arrangement s o f  hoop s tha t  require d th e bloc k t o chang e it s 
trajector y i n midflight .  T h e tw o Straigh t  trajectorie s 
(straight-dow n an d inverte d "L" )  involve d arrangement s o f 
hoop s tha t  require d th e bloc k t o follo w a  straight-dow n 
trajectory .  Finally ,  th e Paraboli c trajector y involve d th e 
bloc k followin g a  paraboli c trajectory .  (Se e Figur e 3. )  Th e 
onl y feedbac k subject s wer e give n wa s durin g a  practic e 
sessio n i n whic h the y pushe d th e bloc k throug h on e hoop . 
I n th e revise d free-fal l  task ,  subject s m a d e 2 0 prediction s 
regardin g whethe r  tw o object s (legos ,  blocks ,  an d play-do h 
bricks )  woul d hi t  th e tabl e a t  th e sam e tim e o r  differen t 
times .  T h e prediction s wer e m a d e i n thre e conditions , 
reflectin g whethe r  (a )  th e object s wer e release d fro m th e 
same height s an d ther e wer e n o othe r  difference s betwee n 
the m (Identica l  condition) ,  (b )  th e object s wer e release d fro m 
differen t  height s an d ther e wer e n o othe r  difference s betwee n 
ihe m (Relevan t  condition) ,  an d (c )  th e object s wer e release d 
fro m th e sam e heigh t  bu t  on e objec t  wa s transforme d i n a 
way tha t  altere d it s structura l  integrity ,  appearance ,  statu s a s 
an object ,  o r  connectio n betwee n component s bu t  no t  it s 
mass (Irrelevan t  condition) .  Eac h subjec t  m a d e fou r 
prediction s i n th e identica l  conditio n an d eigh t  eac h i n th e 
relevan t  an d irrelevan t  condition . 

Violatio n 2 

Violatio n 1 T 
Straignt-dow n Parabob c Inverte d L 

Figur e 3 :  Arrangement s o f  hoop s use d i n Experimen t  3 

For the free-fall task, preschoolers' (M= .55) mean 
percentag e o f  correc t  response s wa s significantl y lowe r  tha n 
adults '  ( M = .96) .  However ,  th e m e a n percentag e o f  correc t 
response s b y preschooler s wa s significantl y abov e rando m 
respondin g i n th e identica l  ( M = .66 )  an d relevan t  ( M = .61 ) 

conditions ,  bu t  no t  i n th e irrelevan t  ( M = .45 )  condition . 
Analyse s o f  individua l  subject s suggeste d tha t  4  childre n 
consistentl y mad e th e intact-faste r  judgmen t  i n th e irrelevan t 
condition ,  1  mad e th e U-ansformed-faster ,  an d 4  mad e correc t 
judgments .  A  highe r  percentag e o f  subject s consistentl y 
made correc t  prediction s i n thi s experimen t  (44% )  compare d 

t o Experimen t  2  ( 2 5 % ) ,  althoug h a  chi-squar e analysi s 
reveale d n o differenc e betwee n th e percentag e o f  subject s i n 
eac h experimen t  w h o mad e correc t  free-fal l  judgments . 

T h e frequenc y o f  correc t  response s b y subject s fo r  th e 
Violation ,  Straigh t  an d Paraboli c trajectorie s wa s analyzed . 
Onl y th e mea n frequenc y o f  correc t  response s fo r  th e tw o 
Violatio n trajectorie s showe d a  significan t  ag e effect ;  th e 
mean frequency  o f  correc t  response s o f  colleg e student s ( M = 
1.62 )  fo r  Violatio n trajectorie s wa s significantl y highe r  tha n 
th e mea n fo r  preschooler s ( M = 0.44) .  Th e colleg e students ' 
means fo r  th e tw o Straigh t  ( M = 0.38 )  an d th e on e Paraboli c 
( M = 1.00 )  trajectorie s wer e no t  significantl y differen t  fro m 
th e preschoolers '  m e a n s ( M = 0.3 3 an d M = 0.7 8 
respectively) .  Th e result s sho w tha t  th e childre n believe d 
tha t  th e bloc k coul d b e pushe d throug h th e hoop s n o matte r 
what  thei r  arrangement ,  bu t  the y wer e onl y correc t  i n thei r 
prediction s o n th e Paraboli c trajectory .  I n contrast ,  th e 
colleg e student s correctl y recognize d th e impossibilit y  o f 
pushin g th e bloc k throug h th e hoop s i n th e Violatio n 
trajectory .  Finally ,  ther e wa s a  significan t  positiv e 
correlatio n (r = +.46 )  betwee n subjects '  tota l  percentag e o f 
correc t  response s o n th e free-fal l  an d th e trajector y tasks . 

Th e finding  tha t  childre n an d adult s wer e n o differen t  i n 
predictin g tha t  object s ca n fal l  i n straigh t  o r  paraboli c 
trajectorie s cast s som e doub t  o n Kaise r  e t  al.' s  clai m tha t 
children' s us e o f  th e straight-dow n trajector y rul e reflect s 
cognitiv e limitation s an d perceptua l  inexperience .  Conu-ar y 
t o Kaise r  e t  al.' s  conclusion ,  th e presen t  result s sho w tha t 
(a )  preschooler s ar e no t  completel y insensitiv e t o th e 
j)ossibilit y  tha t  object s fal l  wit h integrate d horizonta l  an d 
vertica l  vectors ,  an d (b )  colleg e student s d o no t  completel y 
rejec t  th e possibilit y  tha t  object s fal l  withou t  integrate d 
horizonta l  an d vertica l  vectors .  Rathe r  tha n reflectin g 
cognitiv e limitation s o r  perceptua l  inexperience ,  w e propos e 
tha t  children' s us e o f  th e straight-dow n trajector y rul e reflect s 
a theoretica l  belief :  Unde r  mos t  circumstance s object s fal l 
sU'aigh t  d o w n whe n unsupported .  However ,  thi s belie f  doe s 
not  impl y tha t  preschooler s assum e tha t  ther e i s a n object -

independen t  gravitationa l  forc e a t  wor k ~  a  forc e operatin g 

on object s rathe r  tha n on e interna l  t o objects .  Childre n als o 

m ay believ e tha t  th e interna l  forc e ca n b e compromise d b y 

th e wa y i n whic h a n objec t  i s  se t  i n motion . 

Th e positiv e correlatio n betwee n subjects '  performanc e o n 

th e free-fal l  an d trajector y task s i s a  basi s fo r  claimin g tha t 

an understandin g o f  gravit y underlie s performanc e o n th e 

tasks .  Suc h generalit y i n children' s understandin g o f  gravit y 

seems t o b e wha t  Care y (1985 )  ha s i n min d w h e n sh e 

describe s childre n a s havin g theorie s constitute d b y 

explanator y concepts ,  causa l  beliefs ,  an d a  domai n o f 

application .  Preschoolers '  understandin g o f  gravit y a s a 

propert y o f  object s m a y wel l  b e a n explanator y concept , 
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supportin g causa l  belief s regardin g th e rol e o f  objec t 
integrit y i n prediction s o f  free-fal l  rate s an d th e rol e o f  ho w 
object s ar e se t  i n motio n i n prediction s o f  objec t  trajectory . 
However ,  th e positiv e correlatio n ca n onl y b e treate d a s 
preliminar y evidenc e i n suppor t  o f  suc h a  explanation . 

Experiment 4: Predictions on 

th e Free-fal l  a n d B a l a n c e Scal e T a s k 

Experimen t  3  provide s preliminar y suppor t  fo r  Carey' s clai m 
tha t  preschooler s hav e genera l  explanator y concept s (e.g. , 
gravity )  tha t  ar e use d i n explanation s o f  phenomen a (free-fal l 
rates ,  objec t  trajectories )  withi n a  domai n (behavio r  o f 
objects) .  Th e purpos e o f  Experimen t  4  wa s t o exten d th e 
analysi s o f  phenomen a tha t  ar e influence d b y preschoolers ' 
understandin g o f  gravit y a s a  propert y o f  objects .  I n 
particular ,  w e examin e whethe r  children' s understandin g o f 
gravit y i s relate d t o thei r  knowledg e o f  th e operatio n o f 
balanc e scales .  Siegle r  (1976 )  examine d developmenta l 
change s i n reasonin g abou t  balanc e scale s an d foun d tha t 
betwee n th e age s o f  5  an d 1 0 years ,  childre n chang e i n 
makin g prediction s abou t  th e behavio r  o f  balanc e scale s tha t 
ar e base d exclusivel y o n th e weight s o f  block s place d o n th e 
arms (Rul e I) ,  t o makin g prediction s base d o n th e blocks ' 
weight s an d distance s fro m th e fulcru m (Rul e II) ,  althoug h 
not  base d o n integrate d informatio n regardin g weigh t  an d 
distance .  W e propos e tha t  ther e ar e direc t  connection s 
betwee n change s i n reasonin g o n th e balanc e scal e an d free -
fal l  tasks ,  eac h reflectin g a  chang e i n children' s 
understandin g o f  gravit y a s a  propert y o f  a n object .  W e 
hypothesize d thre e way s i n whic h children' s performanc e o n 
th e free-fal l  tas k woul d b e relate d t o performanc e o n th e 
balanc e scal e task .  First ,  children' s us e o f  Rul e I  o r  Rul e I I 
on th e balanc e scal e tas k woul d b e relate d t o thei r  percentag e 
of  correc t  judgment s o n th e free-fal l  task .  Second ,  jus t  a s 
preschooler s judg e tha t  alteration s i n th e appearanc e bu t  no t 
th e mas s o f  object s make s the m fal l  a t  differen t  rate s i n th e 
free-fal l  task ,  s o wil l  the y predic t  tha t  alteration s i n th e 
appearanc e o f  object s o n th e arm s o f  a  balanc e scal e wil l 
caus e th e scal e no t  t o balance .  Third ,  ther e wil l  b e a 
relatio n betwee n prediction s regardin g th e behavio r  o f 
balanc e scale s an d object s i n free-fall . 

Twelv e preschool ,  1 2 first-grade,  1 2 third-fourt h grade ,  an d 
12 sixth-sevent h grad e student s w h o wer e use d i n 
Experimen t  2  wer e als o give n a  revise d versio n o f  Siegler' s 
(1976 )  balanc e scal e tas k (Amse l  &  Goodman ,  submitted) . 
I n th e revise d balanc e scal e task ,  subject s mak e judgment s 
regardin g th e causa l  statu s o f  th e causally-relevan t  (weigh t 
and distance )  an d causally-irrelevan t  (colo r  an d orientation ) 
variables .  Weigh t  wa s manipulate d b y placin g a  differen t 
number  o f  equall y weighte d rectangula r  block s o n th e arm s 
of  th e scale .  Distanc e wa s manipulate d b y havin g a n equa l 
number  o f  block s o n th e arm s o f  th e scal e place d a t  differen t 
distance s fro m th e fulcrum .  Colo r  wa s manipulate d b y 
havin g a n opposit e numbe r  o f  blac k an d whit e block s (i.e. , 
th e tota l  numbe r  o n eac h ar m wa s th e same )  place d 
equidistan t  fro m th e fulcrum .  Orientatio n wa s manipulate d 
havin g a n opposit e numbe r  o f  rectangula r  block s "lyin g 

d o w n "  an d "standin g up "  place d equidistan t  fro m th e 
fulcrum .  Subject s m a d e 8  differen t  weight ,  distance , 
orientation ,  an d colo r  judgments .  Th e balanc e scale s wer e 
draw n o n cards ,  bu t  subject s wer e show n a  workin g balanc e 
scal e durin g a  practic e session .  Th e free-fal l  tas k wa s th e 
one describe d i n Experimen t  2 .  Approximatel y hal f  th e 
subject s receive d th e balanc e scal e tas k first  an d th e othe r 
hal f  receive d th e free-fal l  tas k first.  Subjects '  percentag e o f 
correct ,  intact-faster ,  an d altered-faste r  judgment s o n th e free -
fal l  tas k wa s computed ,  a s wa s thei r  frequenc y o f  correc t 
prediction s regardin g th e Weight ,  Distance ,  Orientation ,  an d 
Colo r  variable s o n th e balanc e scal e task .  Subject s wer e 
judge d a s usin g Siegler' s Rul e I  i f  a t  leas t  6  ou t  o f  8  o f  thei r 
Weigh t  prediction s wer e correct ,  an d i f  les s tha n 6  ou t  o f  8 
of  thei r  Distanc e prediction s wer e correct .  Twenty-nin e 
subject s (wit h a  mea n ag e o f  7  years ,  3  months )  fi t  th e 
descriptio n o f  usin g Rul e I .  Subject s wer e judge d a s usin g 
Siegler' s Rul e I I  i f  a t  leas t  6  ou t  o f  8  o f  thei r  Weigh t  an d 
Distanc e prediction s wer e correct .  Thirtee n subject s (wit h a 
mean ag e o f  1 0 years ,  7  months )  fit  th e descriptio n o f  usin g 
Rul e II .  Th e 6  subject s w h o fi t  neithe r  Rul e I  o r  Rul e I I 
tende d t o b e fro m th e preschoo l  an d first  grad e groups . 
Thes e findings  replicat e Siegler' s results . 

T o tes t  Hypothesi s 1 ,  Rul e I  an d Rul e I I  subjects '  mea n 
frequenc y o f  correc t  (ou t  o f  10 )  response s o n th e free-fal l 
tas k wa s compared .  Th e mea n frequenc y o f  correc t  free-fal l 
judgment s b y subject s usin g Rul e I  o n th e free-fal l  tas k ( M = 
3.90 )  wa s significantl y lowe r  tha n th e mea n o f  subject s 
usin g Rul e I I  ( M = 7.54) .  However ,  thi s statisticall y 
significan t  differenc e betwee n th e group s drop s t o a 
differenc e tha t  onl y approache s statistica l  significanc e 
(/>=.09 )  whe n frequenc y o f  conservatio n o f  weigh t  score s i s 
use d a s a  covariat e i n a n A N C O V A.  Th e A N C O V A 
procedur e wa s use d s o tha t  th e relatio n betwee n th e task s d o 
not  reflec t  share d varianc e du e t o othe r  genera l  factor s 
associate d wit h cognitiv e development .  T o tes t  Hypothesi s 
2,  developmenta l  change s i n performanc e o n th e Colo r  an d 
Orientatio n variable s o n th e balanc e scal e tas k wer e 
examined .  Preschoolers '  mea n frequenc y (ou t  o f  8 )  o f  correc t 
colo r  judgment s ( M = 6.67 )  wa s significantl y lowe r  tha n th e 
means fo r  th e 5th/6th-grader s ( M = 8.00) ,  bu t  no t  differen t 
tha n th e 1st -  ( M = 7.73 )  an d 2nd/3rd-grader s ( M = 7.75) . 
Similarly ,  preschoo l  ( M = 3.92 )  an d Ist-grad e ( M = 4.18 ) 
students '  mea n frequenc y o f  correc t  Orientatio n prediction s 
wer e significantl y differen t  the n th e 6th/7th-grad e students ' 
mean ( M = 7.50) ,  bu t  no t  differen t  tha n th e 2nd/3rd-grad e 
students '  mea n ( M = 6.00) .  T o tes t  Hypothesi s 3 ,  children' s 
frequenc y o f  correc t  prediction s o n th e free-fal l  tas k 
(max imu m scor e o f  10 )  wa s correlate d wit h thei r  frequenc y 
of  correc t  prediction s regardin g th e causa l  statu s o f  th e 
orientatio n an d colo r  variable s (max imu m scor e o f  8  fo r  eac h 
variable) .  A  partia l  correlatio n procedur e wa s use d whic h 
remove d children' s performanc e o n a  conservatio n o f  weigh t 
task .  Subjects '  frequenc y o f  correc t  free-fal l  judgment s wa s 
significantl y (p<.05 )  an d positivel y correlate d wit h thei r 

frequenc y o f  correc t  judgment s regardin g th e noncausa l  statu s 

of  Colo r  (r = .25 )  an d Orientatio n (r = .31) . 
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Th e result s sugges t  tha t  age-relate d change s i n prediction s 
regardin g th e behavio r  o f  balanc e scal e variable s ar e directl y 
relate d t o age-relate d change s i n prediction s regardin g th e rat e 
of  object s i n free-fall .  W h y shoul d thi s be ? W e propos e 
tha t  i t  i s  bes t  explaine d a s a  restructurin g i n children' s 
understandin g o f  gravity .  Childre n w h o believ e tha t  gravit y 
i s a  projTert y o f  object s shoul d mak e incorrec t  free-fal l 
prediction s becaus e th e chang e i n th e appearanc e o f  th e 
block s mark s differen t  amount s o f  gravit y i n th e blocks . 
Moreover ,  suc h childre n shoul d predic t  tha t  variatio n i n 
blocks '  orientatio n an d colo r  (a n appearance-alterin g 
transformation )  make s a  differenc e i n th e behavio r  o f  th e 
balanc e scale ,  wherea s variatio n i n distanc e ( a transformatio n 
tha t  doe s no t  alte r  appearance )  make s n o difference .  Thi s 
patter n o f  result s see m t o captur e th e performanc e o f  5-year -
olds ,  w h o mad e correc t  free-fall ,  distance ,  orientatio n an d 
colo r  judgment s les s ofte n tha n olde r  subjects .  I n contrast , 
11-year-old s mad e correc t  free-fall ,  distance ,  orientatio n an d 
colo r  judgment s mor e ofte n tha n younge r  subjects .  B y 1 1 
year s o f  ag e i t  seem s tha t  childre n recogniz e tha t  gravit y 
involve s som e relatio n betwee n a n objec t  an d th e earth , 
rathe r  tha n exclusivel y bein g a  propert y o f  objects . 

Whil e man y othe r  phenomen a n o doub t  develo p durin g th e 
year s betwee n 5  an d 1 1 tha t  ma y underli e developmen t  o n 
bot h th e free-fal l  an d balanc e scal e tasks ,  ther e i s som e 
reaso n t o believ e tha t  th e relatio n i s direc t  an d no t  du e t o a 
thir d variabl e associate d wit h cognitiv e development .  Ther e 
wer e significan t  correlation s betwee n correc t  free-fal l 
judgment s an d correc t  orientatio n an d colo r  judgments , 
despit e removin g th e influenc e o f  subjects '  conservatio n o f 
weigh t  scores .  However ,  th e differenc e betwee n Rul e I  an d 
Rul e I I  subject s i n thei r  frequenc y o f  correc t  free-fal l 
judgment s onl y approache s significanc e whe n conservatio n 
of  weigh t  scor e i s use d a s a  covariate . 

Conclusion 

Th e majo r  goa l  o f  thi s researc h wa s t o demonstfat e tha t 
youn g childre n hav e a  theoretical ,  consistent ,  an d general , 
albei t  incorrect ,  understandin g o f  gravit y a s a  propert y o f 
objects .  Evidenc e fo r  th e theoretica l  natur e o f  preschoolers ' 
understandin g o f  gravit y a s a  propert y o f  object s come s fro m 
Experimen t  1 ,  i n whic h preschooler s wer e show n t o hav e a 
materia l  understandin g o f  gravit y an d Experiment s 2  an d 3 , 
i n whic h preschooler s wer e show n t o believ e tha t  free-fal l  i s 
influence d b y a n object' s structura l  integrity ,  a  variabl e 
whic h i n realit y doe s no t  mak e a  difference .  Evidenc e fo r  th e 
consistenc y o f  preschoolers '  understandin g o f  gravit y a s a 
propert y o f  object s come s fro m Experimen t  2 ,  i n whic h (a ) 
almos t  al l  subject s mad e consisten t  prediction s regardin g th e 
rat e o f  free-fal l  o f  tw o object s tha t  wer e identica l  excep t  tha t 
on e object' s structura l  integrit y wa s damaged ,  an d (b )  a 
majorit y o f  th e preschooler s predicte d tha t  th e intac t  objec t 
woul d fal l  faster .  Thi s latte r  resul t  wa s replicate d i n 
Experimen t  3 ,  i n whic h 4  o f  9  preschooler s predicte d tha t  a n 
object' s free-fal l  behavio r  i s affecte d whe n it s structura l 
integrit y (an d othe r  transformation s i n a n object' s 
appearance )  i s altered .  Evidenc e fo r  th e genera l  natur e o f 
preschoolers '  understandin g o f  gravit y a s a  propert y o f 

object s come s fro m Experiment s 3  an d 4 ,  i n whic h 
performanc e o n th e free-fal l  tas k wa s correlate d wit h 
performanc e o n th e trajector y an d balanc e scal e tasks .  Th e 
clai m tha t  preschooler s hav e a  theoretical ,  consistent ,  an d 
general ,  albei t  incorrect ,  understandin g o f  gravit y a s a 
propert y o f  object s i s inconsisten t  wit h hypothese s base d o n 
previou s researc h tha t  preschoolers '  understandin g o f  gravit y 
i s th e resul t  o f  a  deficit .  Hypothese s followin g fro m th e 
notio n tha t  children' s understandin g o f  gravit y wa s du e t o 
logica l  limitations ,  o r  bot h a  cognitiv e defici t  an d perceptua l 
inexperienc e wer e teste d an d rejecte d i n Experiment s 1  an d 3 . 
I n genera l  w e prefe r  a  conceptual-chang e explanatio n o f  th e 
dat a (Carey ,  1985 ;  Vosniado u &  Brewer ,  1987) .  Accordin g 
t o thi s explanation ,  preschoolers '  understandin g o f  gravit y a s 
a propert y o f  object s serve s a s a n explanator y concep t  withi n 
a theor y regardin g th e behavio r  o f  object s an d als o serve s a s 
a basi s fo r  causa l  an d non-causa l  belief s acros s a  variet y o f 
tasks . 
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