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ABSTRACT 

We argue that children construct a naive understanding of the world which 
graduall y become s modifie d t o confor m t o adult-scientifi c  views .  Thi s naiv e 
understandin g consist s o f  a  numbe r  o f  discret e ontologica l  beliefs ,  suc h a s tha t  th e 
groun d i s flat ,  tha t  thing s fal l  down ,  an d tha t  star s ar e smal l  objects .  Childre n ar e 
capabl e o f  synthesizin g thei r  ontologica l  belief s t o for m relativel y consisten t 
conceptua l  structures .  However ,  the y als o see m t o b e operatin g unde r  a n 
epistemologica l  constrain t  accordin g t o whic h thes e ontologica l  belief s represen t 
th e tru e stat e o f  affair s abou t  th e world .  I n th e proces s o f  conceptua l  chang e 
childre n replac e thei r  ontologica l  belief s wit h a  differen t  explanator y framework . 

INTRODUCTION 

One of the most interesting results of recent work in cognitive science has been the 
realizatio n tha t  science-naiv e individual s hav e a n understandin g o f  th e natura l  worl d whic h 
i s base d o n thei r  interpretatio n o f  everyda y experience .  Thi s naiv e knowledg e i s usuall y 
quit e differen t  fro m th e knowledg e expecte d fro m th e scientificall y literat e adult s i n ou r 
society .  I n th e proces s o f  learnin g scienc e novice s mus t  chang e thei r  naiv e knowledg e t o 
make i t  confor m t o th e currentl y accepte d scientifi c  knowledge .  Thi s proces s o f  conceptua l 
chang e ca n b e a  rathe r  length y on e t o accomplis h becaus e naiv e idea s appea r  t o b e robus t 
and difficul t  t o extinguis h (e.g. ,  diSessa ,  1982 ;  White ,  1983) . 

There is currently a lot of debate about how it is best to characterize the nature of naive 
knowledg e an d th e mechanism s thereb y whic h i t  ca n b e modified .  S o m e researcher s 
believ e tha t  novices '  idea s ca n b e conceptualize d a s consistin g o f  a  coheren t  an d systemati c 
set  o f  idea s whic h hav e a  statu s simila r  t o tha t  o f  a  scientifi c  theor y (McCloskey ,  1983 ; 
Wise r  &  Carey ,  1983) .  Other s thin k tha t  naiv e physic s consist s o f  a  fragmente d collectio n 
of  idea s whic h ar e loosel y connecte d an d d o no t  hav e th e systematicit y tha t  on e attribute s 
t o a  scientifi c  theor y (e.g. ,  diSessa ,  1988) . 

In addition to its considerable theoretical interest the debate on the nature of naive 
knowledg e ha s importan t  instructiona l  implication s a s well .  Dependin g o n one' s belief s 
abou t  th e natur e o f  naiv e knowledg e differen t  instructiona l  implication s ca n b e drawn . 
Researcher s w h o vie w novice s a s havin g relativel y wel l  organize d an d internall y consisten t 
naiv e theorie s thin k tha t  th e proces s o f  scienc e learnin g require s a  chang e i n theor y simila r 
t o th e kin d o f  theor y chang e observe d i n th e histor y o f  scienc e (Hanson ,  1958 ;  Kuhn ,  1962 ; 
1970) .  Althoug h th e mechanism s fo r  achievin g thi s kin d o f  theor y chang e ar e no t  ye t 
known ,  mos t  o f  thes e researcher s believ e tha t  i t  i s necessar y t o confron t  novic e student s 
wit h enoug h evidenc e t o mak e the m realiz e th e limitation s o f  thei r  theorie s an d t o chang e 
the m (Anderson ,  1977 ;  Collins ,  1986 ;  McCloskey ,  1983) . 
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On the contrary, researchers who believe in the fragmented nature of naive knowledge 
thin k tha t  a  one-by-on e attac k o f  th e knowledg e fragment s tha t  constitut e naiv e physic s i s a 
hopeles s task .  S o m e o f  the m sugges t  tha t  wha t  i s  neede d i s t o collec t  an d unif y thes e 
fragment s t o develo p th e scientifi c  understandin g tha t  a  science-naiv e individua l  lack s 
(diSessa ,  1988) . 

In this paper we present an intermediate position based on the results of our investigation 
of  th e proces s o f  knowledg e acquisitio n i n th e domai n o f  astronom y (Vosniadou ,  1987 ; 
Vosniado u &  Brewer ,  1987 ;  i n press ;  submitted) .  Crucia l  t o ou r  positio n i s th e distinctio n 
betwee n globa l  an d domain-specifi c  theories .  W e believ e tha t  childre n star t  thei r 
knowledg e acquisitio n proces s wit h a  globa l  theor y consistin g o f  a  se t  o f  cor e concept s an d 
a notio n o f  causalit y whic h form s th e basi s o f  thei r  ontolo ^  an d epistemology .  Thi s globa l 
theor y become s differentiate d an d restructure d int o domain-specifi c  theories . 

Children's naive understanding of the world is conceptualized as consisting of a set of 
discret e ontologica l  behef s whic h ar e constructe d o n th e basi s o f  thei r  everyda y experienc e 
unde r  th e constraint s o f  thei r  globa l  theory .  Childre n see m capabl e o f  synthesizin g thes e 
discret e belief s int o large r  conceptua l  unit s an d ar e sensitiv e t o th e interna l  consistenc y o f 
thes e conceptua l  structures .  Ontologica l  belief s are ,  however ,  differen t  fro m th e 
hypothese s o f  a  domai n specifi c  theor y i n tha t  the y ar e considere d b y childre n t o represen t 
th e tru e stat e o f  affair s abou t  th e worl d and ,  thus ,  i n n o nee d o f  bein g questioned .  Th e 
emergenc e o f  a  domain-specifi c  theor y require s th e replacemen t  o f  som e o f  th e ontologica l 
and epistemologica l  belief s o f  th e globa l  theor y wit h a  differen t  explanator y framework . 

KNOWLEDGE ACQUISITION IN ASTRONOMY 

Everyday experience provides children with enough information to construct an intuitive 
understandin g o f  man y o f  th e phenomen a tha t  a  theor y o f  observationa l  astronom y 
account s fo r  (suc h a s th e shape ,  size ,  movemen t  an d locatio n o f  th e earth ,  th e sun ,  th e 
moon,  an d th e stars ,  th e day/nigh t  cycle ,  th e phase s o f  th e moon ,  etc.) .  W e hypothesize d 
tha t  i f  childre n utiliz e thei r  everyda y experienc e t o construc t  a  naiv e understandin g o f  th e 
physica l  world ,  the y shoul d believ e tha t  th e eart h i s fla t  an d stationar y an d tha t  i t  i s  locate d 
i n th e cente r  o f  th e universe .  W e als o hypothesize d tha t  childre n woul d thin k tha t  gravit y 
operate s alon g a n up/dow n gradien t  an d tha t  th e day/nigh t  cycl e i s cause d b y th e 
movement  o f  th e su n an d th e moo n rathe r  tha n b y th e movemen t  o f  th e earth .  S o m e 
suppor t  fo r  th e vie w tha t  childre n conceptualiz e th e eart h a s fla t  an d gravit y a s operatin g i n 
an up/dow n fashio n i s foun d i n previou s researc h (Nussbau m &  Novak ,  1976 ;  Nussbaum , 
1979 ;  Sneide r  &  Pulos ,  1983) . 

Such a naive understanding of the cosmos is of course very different from currently 
accepte d views .  W e wer e intereste d i n findin g ou t  whethe r  childre n d o indee d construc t 
suc h a n naiv e understandin g o f  th e worl d and ,  i f  so ,  ho w thi s understandin g change s a s 
childre n ar e expose d t o th e Copernica n theory . 

Methodological Issues 

We examined children's knowledge of astronomy using an elaborate questionnaire which 
was develope d afte r  extensiv e pilo t  wor k an d whic h consiste d o f  a  tota l  o f  20 7 questions . 
The childre n wer e als o aske d t o mak e model s o f  th e sola r  object s usin g pla y doug h an d t o 
selec t  fro m a  variet y o f  physica l  model s o f  th e earth ,  sun ,  m o o n an d stars .  W e conducte d a 
serie s o f  studie s usin g thi s questionnair e involvin g preschool ,  elementar y school ,  an d hig h 
schoo l  student s i n th e Unite d State s (Vosniadou ,  1987 ;  Vosniado u &  Brewer ,  submitted) , 
i n Samo a (Brewer ,  Hendric h &  Vosniadou ,  submitted) ,  i n Indi a (Samarapungava n & 
Vosniadou ,  i n preparation) ,  an d i n Greec e (Vosniado u &  Brewer ,  i n press) . 

405 



vos^aADO u 

Children' s concept s wer e identifie d fro m thei r  response s no t  t o on e bu t  t o man y question s 
tappin g eac h concept .  Crucia l  t o ou r  methodolo ^  wa s th e distinctio n betv/ee n factua l  an d 
generativ e Questions .  Factua l  question s wer e designe d t o tes t  children' s exposur e t o certai n 
theoretica l  y  importan t  facts .  Thes e wer e question s lik e "Wha t  i s th e shap e o f  th e earth?" , 
"Doe s th e eart h move? "  Childre n coul d answe r  thes e question s eithe r  o n th e basi s o f  thei r 
underlyin g conceptua l  knowledg e o r  b y simpl y repeatin g informatio n the y ha d obtaine d 
fro m adults .  Generativ e question s wer e question s t o whic h childre n ha d no t  bee n 
previousl y expose d an d whic h ha d th e potentia l  o f  revealin g whethe r  th e childre n ha d 
assimilate d th e adul t  informatio n int o thei r  underlyin g conceptua l  framework .  Conside r 
fo r  exampl e th e question s "I f  on e wer e t o wal k fo r  man y day s o n a  straigh t  lin e woul d on e 
eve r  reac h th e edg e o f  th e earth?", "  Doe s th e eart h hav e a n edge ? " .  W e assume d tha t  i n 
orde r  t o answe r  thes e question s childre n woul d us e thei r  existin g conceptua l  knowledg e t o 
for m a  menta l  mode l  o f  th e earth .  I f  th e childre n ha d full y understoo d th e informatio n tha t 
th e eart h i s a  spher e the y shoul d for m a  menta l  mode l  o f  a  spherica l  earth .  Base d o n suc h 
a mode l  the y shoul d com e t o th e conclusio n tha t  th e eart h doe s no t  hav e a n edg e an d tha t 
i f  someon e walke d fo r  man y day s i n a  straigh t  lin e on e woul d com e bac k t o wer e on e 
started .  O n th e contrary ,  i f  th e childre n ha d no t  full y  incorporate d th e informatio n tha t  th e 
eart h i s a  spher e int o thei r  underlyin g conceptua l  structure s the y shoul d for m a  menta l 
model  o f  a  fla t  earth .  Base d o n suc h a  mode l  the y shoul d com e t o th e conclusio n tha t  th e 
eart h ha s a n edge . 

Follow-up questions and confrontation questions were also used throughout the interview 
t o tr y t o understan d children' s concepts .  Th e followin g i s a n exampl e o f  ou r  questionin g 
procedur e fro m th e protoco l  o f  Rena e (grad e 1) . 

E 
C 
E 
C 
E 
C 
E 
C 
E 
C 

What  i s th e shap e o f  th e earth ? 
Round 
Coul d yo u eve r  reac h th e edg e o f  th e earth ? 
Yes . 
Coul d yo u fal l  of f  tha t  edge ? 
No. 
W hy not ? 
Becaus e onc e yo u fal l  of f  yo u can' t  ge t  bac k on . 
What  i f  yo u coul d ge t  bac k on ,  d o yo u thin k yo u coul d fal l  of f  then ? 
Yes...an d i f  yo u too k t o th e edg e o f  th e thing ,  an d yo u ha d on e han d o n it ,  yo u 
coul d fal l  of f  easier . 

I n thi s protoco l  w e se e tha t  Rena e start s b y sayin g tha t  th e eart h i s round .  U p o n furthe r 
questionin g i t  is ,  however ,  reveale d tha t  sh e believe s tha t  th e eart h ha s a n end/edg e fro m 
whic h peopl e coul d potentiall y fal l  off ,  althoug h sh e i s ver y reluctan t  t o accep t  thi s 
possibility . 

Results 

Consistency. Children's responses to the individual questions investigating each concept 
reveale d tremendou s surfac e inconsistency .  Fo r  example ,  i n a  stud y o f  children' s concep t 
of  th e eart h shap e (Vosniado u &  Brewer ,  submitted )  w e foun d tha t  fort y ou t  o f  sixt y 
childre n gav e response s whic h di d no t  agre e wit h a  consisten t  us e o f  eithe r  a  spherica l 
eart h concep t  o r  a  naiv e concep t  o f  a  fla t  earth .  Man y o f  thes e childre n appeare d t o hav e 
forme d a n alternativ e conceptio n regardin g th e shap e o f  th e earth .  Her e i s a n exampl e 
fro m th e protoco l  o f  Veronic a (grad e 3) . 
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E:  Wha t  i s th e shap e o f  th e earth ? 
C:  Roun d 
E:  I f  yo u walke d fo r  man y day s i n a  straigh t  Hne ,  wher e woul d yo u en d up ? 
C:  Somewher e i n th e desert . 
E.  Woul d yo u ever y reac h th e edg e o f  th e earth ? 
C:  No .  Yo u woul d hav e t o hav e a  spaceshi p i f  you'r e goin g t o g o t o th e en d o f  th e 

earth . 
E:  I f  ther e a n edg e t o th e earth ? 
C:  No .  Onl y i f  yo u g o up . 
E:  Doe s anyon e liv e her e o n th e botto m o f  th e earth ? 
C:  N o becaus e the y liv e i n th e state s u p here . 
E:  Bu t  coul d the y liv e dow n here ? 
C:  Yes . 
E:  W h y wouldn' t  the y fal l  off ? 
C:  Becaus e the y ar e insid e th e earth ? 
E:  Wha t  d o yo u mea n inside ? 
C:  The y don' t  fall ;  the y hav e sidewalks ,  thing s dow n lik e o n th e bottom . 
E:  I s th e eart h roun d lik e a  bal l  o r  roun d lik e a  thic k pancake ? 
C:  Roun d hk e a  ball . 
E:  W h e n yo u sa y tha t  the y liv e insid e th e earth ,  d o yo u mea n the y liv e insid e th e ball ? 
C:  Insid e th e ball .  I n th e middl e o f  it . 

Veronica appears to believe that the earth is round like a ball and that people live deep 
insid e thi s ball . 

Some evidence for the presence of alternative conceptions about the shape of the earth has 
bee n provide d i n previou s researc h o n th e eart h shap e an d gravit y concept s (e.g. , 
Nussbau m &  Novak ,  1976 ;  Nussbaum ,  1979 ;  Sneide r  &  Poulos ,  1983) .  Thi s researc h ha s 
not ,  however ,  show n whethe r  children' s alternativ e conception s abou t  th e eart h ar e 
systemati c an d ar e use d i n a  consisten t  fashio n o r  represen t  transitor y an d internall y 
inconsisten t  proble m solvin g attempts . 

In order to determine whether the children were consistent in their use of an alternative 
conceptio n o f  th e eart h w e derive d fro m ou r  dat a an d fro m th e previou s researc h i n thi s 
are a a s man y possibl e alternativ e conception s o f  th e eart h a s possible .  Then ,  w e generate d 
th e answer s w e woul d expec t  th e childre n t o hav e give n t o ou r  individua l  question s ha d 
the y mad e consisten t  us e o f  tha t  conception .  Fo r  example ,  w e reasone d tha t  i f  childre n 
believe d tha t  th e eart h i s roun d lik e a  disc ,  rathe r  tha n roun d Hk e a  ball ,  the y shoul d thin k 
tha t  th e eart h ha s a n end/edge ,  tha t  peopl e ca n fal l  dow n fro m tha t  end/edge ,  tha t  peopl e 
liv e onl y o n to p o f  th e earth ,  an d tha t  ther e i s somethin g tha t  support s th e earth . 

Once the pattern of responses for each alternative earth shape concept was determined we 
checke d children' s response s t o th e relevan t  question s t o se e i f  the y agree d wit h th e 
expecte d ones .  Assignin g a  concep t  t o a  chil d require d n o mor e tha n on e deviatio n fro m 
th e expecte d patter n o f  response s an d onl y i f  thi s deviatio n occurre d i n a  non-definin g ite m 
fo r  thi s category .  Fo r  example ,  a  chil d wh o sai d tha t  ther e i s a n end/edg e t o th e eart h 
coul d no t  b e assume d t o b e makin g consisten t  us e o f  a  spherica l  eart h concept ,  eve n i n 
thos e case s wher e thi s respons e wa s th e child' s onl y deviatio n fro m a  spherica l  eart h 
concep t  respons e pattern .  O n th e othe r  hand ,  th e respons e "circle "  t o th e questio n "Wha t  i s 
th e shap e o f  th e earth? "  wa s considere d a n acceptabl e deviatio n fo r  a  chil d whos e 
response s agree d i n al l  othe r  respect s wit h th e spherica l  eart h concep t  becaus e i t  coul d b e 
cause d b y a  linguisti c rathe r  tha n a  conceptua l  confusio n (e.g. ,  th e chil d ma y hav e use d th e 
wor d "circle "  t o mea n "round") . 

407 



VOSNIADOU 

Usin g thi s procedur e w e wer e abl e t o determin e tha t  th e grea t  majorit y o f  childre n i n ou r 
studie s m a d e consisten t  us e o f  a  concept .  Fo r  example ,  i n th e cas e o f  th e eart h shap e w e 
wer e abl e t o determin e consisten t  us e o f  th e sam e concep t  i n 5 1 ou t  o f  th e 6 0 childre n 
investigated .  A s i s show n i n Tabl e 1  mos t  o f  th e childre n use d alternativ e concept s o f  th e 
eart h whic h showe d a  combinatio n naiv e an d scientifi c  views .  W e hav e identifie d thre e 
suc h concepts :  Th e dua l  earth ,  th e dis c eart h an d th e inside-the -  spher e concepts .  Th e 
childre n w h o ha d a  dua l  eart h concep t  believe d tha t  ther e ar e tw o earths ;  a  fla t  on e o n 
whic h peopl e wer e usuall y though t  t o liv e an d a  spherica l  on e whic h wa s though t  t o b e u p 
i n th e sky .  Th e childre n wit h a  dis c concep t  though t  tha t  th e eart h i s bot h fla t  an d roun d 
and tha t  i t  ha s a n end/edg e fro m whic h peopl e ca n fall .  Finall y som e childre n believe d 
tha t  th e eart h i s roun d lik e a  bal l  bu t  tha t  peopl e liv e dee p insid e thi s ball .  Th e 
questionabl e spher e categor y include d th e childre n w h o seeme d t o b e makin g us e o f  a 
spher e concep t  bu t  ha d tw o o r  thre e deviation s fro m th e accepte d patter n o f  response s an d 
coul d no t  therefor e b e place d i n th e spher e category . 

Following this procedure we have been able to determine that most children use in a 
consisten t  fashio n certai n concept s o f  th e sun ,  moon ,  star s an d certai n explanation s o f  th e 
day/nigh t  cycle .  Fo r  example ,  man y childre n believ e tha t  th e movement s o f  th e su n an d 
th e m o o n caus e th e day/nigh t  cycle .  Other s thin k tha t  th e su n i s occlude d b y cloud s o r 
sola r  object s tha t  mov e i n fron t  o f  it .  O n e interestin g explanatio n wa s hel d b y childre n wh o 
kne w tha t  th e eart h rotate s aroun d it s axi s bu t  attribute d th e day/nigh t  cycl e t o th e 
presenc e o f  th e moon .  Thes e childre n though t  tha t  th e m o o n i s fixe d i n som e plac e i n th e 
sk y wher e i t  i s  alway s night ;  a s th e eart h rotate s ou r  par t  o f  th e eart h eventuall y come s t o 
fac e th e m o o n an d a s a  resul t  t o brin g th e night . 

Tabl e 1 
Frequenc y o f  Children' s Concept s o f  th e Earth' s Shap e 

as a  Functio n o f  Grad e 

Eart h Shap e 
Concept s 

Grad e 

3 T O T AL 

1.  Spher e 8 10 20 

2.  Questionabl e 
Spher e 

3.  Inside-the -
Spher e 

4.  Dis c 

5.  Dua l  Eart h 

6.  Fla t  (Rectangle ) 

7.  Mixe d 

1 

2 

0 

7 

1 

7 

3 

4 

1 

2 

0 

2 

6 

4 

0 

0 

0 

0 

10 

10 

1 

9 

1 

9 

T O T AL 20 20 20 60 
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Some children had mixed concepts and for some no consistent concept could be identified. 
On th e whole ,  however ,  ou r  result s suggeste d tha t  ther e wa s a  relativel y hig h degre e o f 
interna l  consistenc y i n children' s atomisti c concept s abou t  th e earth ,  sun ,  m o o n an d star s 
and thei r  explanation s o f  th e day/nigh t  cycle . 

The success in identifying consistent concepts for the great majority of the children in our 
sampl e show s tha t  children' s conceptua l  knowledg e i s no t  a s fragmente d a s som e theorist s 
hav e argue d (e.g. ,  diSessa ,  1985 ;  Solomon ,  1983) ,  a t  leas t  a t  th e leve l  o f  th e individua l 
concept s investigated .  I t  appear s tha t  childre n tr y t o synthesiz e thei r  everyda y experienc e 
int o meaningfu l  an d internall y consisten t  conceptua l  structures . 

It could be objected here that some of the alternative conceptions we have identified may 
not  b e precompile d bu t  ma y b e constructe d b y th e childre n o n th e spo t  a s the y ar e tryin g t o 
answer  ou r  questions .  I n ou r  vie w thi s issu e i s no t  critica l  fo r  ou r  position .  Whethe r 
precompile d o r  no t  th e us e o f  relativ e stabl e an d internall y consisten t  knowledg e structure s 
shows tha t  man y i f  no t  al l  childre n ar e bot h sensitiv e t o an d capabl e o f  connectin g thei r 
knowledg e fragment s int o internall y consisten t  wholes .  I n tha t  particula r  respec t  children' s 
syntheti c attempt s ar e no t  differen t  i n kin d fro m scientists '  attempt s t o construc t  theories . 

The robustness of naive conceptions. It appears that one reason why children may construct 
alternativ e concept s i s becaus e the y fin d i t  ver y difficul t  t o giv e u p thei r  naiv e conceptions . 
Indeed ,  al l  th e alternativ e conception s o f  th e eart h shap e w e hav e identifie d ca n b e see n a s 
attempt s t o assimilat e th e scientifi c  concep t  o f  a  spherica l  eart h t o th e naiv e concep t  o f  a 
fla t  earth .  Fo r  example ,  th e childre n wit h a  dua l  eart h concep t  believ e tha t  ther e ar e tw o 
earth s on e roun d an d on e flat .  Th e childre n wit h th e dis c mode l  interpre t  roun d t o mea n 
flat .  Finally ,  th e childre n wit h th e inside-the-spher e concep t  believ e tha t  th e eart h i s a 
spher e bu t  tha t  peopl e liv e o n fla t  groun d insid e it .  Th e presenc e o f  thes e alternativ e 
concept s show s tha t  naiv e conception s ar e rathe r  robust . 

Naive concepts consist of several discrete ontologica! beliefs. A close examination of the 
alternativ e concept s w e hav e identifie d reveal s tha t  thes e concept s ar e attempt s fro m th e 
par t  o f  th e childre n t o synthesiz e a  numbe r  o f  discret e ontologica l  belief s abou t  th e natur e 
of  th e earth ,  sun ,  m o o n an d stars .  Let' s examin e th e eart h shap e concep t  onc e more .  Thi s 
concep t  appear s t o b e compose d no t  onl y o f  th e belie f  tha t  th e groun d i s fla t  bu t  als o 
(amon g other s )  o f  th e belief s tha t  th e eart h ha s som e kin d o f  a n end/edge ,  tha t  peopl e ca n 
fal l  dow n fro m tha t  edge ,  tha t  ther e i s groun d o r  wate r  underneat h th e earth ,  an d tha t 
peopl e liv e onl y o n to p o f  th e earth . 

In forming alternative concepts children change their naive concepts in a way that allows 
the m t o retai n al l  o r  som e o r  thei r  ontologica l  belief s withou t  contradictin g adul t  teachings . 
The detaile d examinatio n o f  children' s response s reveal s tha t  ther e i s a  progressio n o f 
more an d mor e advance d alternativ e concept s dependin g o n ho w man y ontologica l  belief s 
childre n hav e give n up .  Fo r  example ,  th e inside-the-spher e vie w i s a  mor e advance d 
concep t  tha n th e dis c concept .  Th e childre n wh o hol d th e inside-the-spher e concep t  hav e 
give n u p thei r  ontologica l  belie f  tha t  th e eart h i s  flat ,  tha t  ther e i s groun d al l  th e wa y dow n 
and tha t  th e sk y i s onl y o n to p o f  th e earth .  Thes e childre n conceptualiz e th e eart h a s a 
spher e suspende d i n spac e bu t  stil l  believ e tha t  peopl e liv e o n fla t  groun d insid e th e earth , 
and tha t  thing s fal l  downwar d rathe r  tha n towar d th e cente r  o f  th e earth . 

This does not happen only in the case of the earth shape concept. Consider, for example, 
th e childre n wh o hav e constructe d a n explanatio n o f  th e day/nigh t  cycl e accordin g t o whic h 
th e rotatio n o f  th e eart h allow s ou r  sid e o f  th e eart h t o fac e th e stationar y moon .  Thes e 
childre n hav e change d thei r  ontologica l  belief s tha t  th e m o o n move s an d th e eart h doe s no t 
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but  hav e no t  ye t  give n u p o n th e ide a tha t  nigh t  i s  associate d wit h th e presenc e o f  th e 
moon. 

Naive concepts are embedded within global theories. We think that ontological beUefs are 
constructe d b y childre n o n th e basi s o f  thei r  everyda y experienc e unde r  th e constraint s o f 
thei r  globa l  theories .  Naiv e concept s ar e generate d b y synthesizin g thes e discret e 
ontologica l  beliefs .  I n addition ,  tw o epistemologica l  constraint s appea r  t o furthe r  constrai n 
children' s concepts :  (a )  th e belie f  tha t  ontologica l  belief s represen t  th e tru e stat e o f  affair s 
abou t  th e world ,  an d (b )  th e belie f  tha t  adult s ar e usuall y right .  I f  childre n di d no t  believ e 
tha t  thei r  ontologica l  belief s represen t  th e wa y th e worl d reall y i s  ther e woul d b e n o reaso n 
t o for m alternativ e concepts .  The y woul d simpl y chang e thei r  belief s an d adop t  th e adul t 
models .  Th e formatio n o f  alternativ e concepts ,  especiall y i n case s lik e th e eart h shap e 
wher e th e cultur e provide s suc h massiv e exposur e t o th e ide a tha t  th e eart h i s a  sphere , 
strongl y suggest s tha t  childre n ar e operatin g unde r  th e epistemologica l  constrain t  tha t  thei r 
ontologica l  belief s ar e fundamentall y true . 

The construction of alternative concepts also presupposes the belief that adults are right. If 
childre n di d no t  believ e tha t  adult s ar e righ t  the y woul d hav e n o difficult y rejectin g th e 
adul t  informatio n an d retainin g thei r  origina l  naiv e views .  W h e n childre n construc t  a n 
alternativ e concep t  the y tr y t o retai n a s man y o f  thei r  ontologica l  belief s a s possibl e withou t 
contradictin g adul t  teachings . 

In short, the genesis of an alternative concept can be conceptualized in the following way. 
W h en childre n rea d i n a  boo k o r  hea r  fro m a n adul t  tha t  th e eart h i s a  spher e the y d o no t 
want  t o believ e tha t  th e adul t  informatio n i s wron g bu t  fin d i t  har d t o reconcil e i t  wit h thei r 
ontologica l  behefs .  Becaus e childre n believ e tha t  thei r  ontologica l  belief s represen t  th e 
tru e stat e o f  affair s abou t  th e worl d the y ar e no t  likel y t o questio n them .  Rather ,  the y 
believ e tha t  the y hav e misunderstoo d wha t  th e adult s reall y mea n whe n the y sa y tha t  th e 
eart h i s round .  I n tryin g t o interpre t  th e adul t  informatio n i n a  wa y tha t  doe s no t  contradic t 
thei r  ontologica l  belief s childre n construc t  alternativ e concept s o r  develo p unassimilate d 
internall y inconsisten t  concepts . 

CONCLUSIONS 

Our investigations of the process of knowledge acquisition in the domain of observational 
astronom y hav e show n tha t  childre n star t  b y constructin g a  naiv e understandin g o f  th e 
worl d whic h i s base d o n thei r  everyda y experience .  Tlii s  naiv e understandin g ca n b e 
decompose d int o a  numbe r  o f  discret e ontologica l  belief s suc h a s tha t  th e groun d i s flat, 
tha t  thing s fal l  dow n whe n yo u dro p them ,  tha t  star s ar e smal l  objects ,  an d tha t  th e 
day/nigh t  cycl e i s cause d b y th e movemen t  o f  th e su n an d th e moon .  Childre n tr y t o 
synthesiz e thes e ontologica l  belief s int o relativel y consisten t  conceptua l  structure s whic h 
are ,  however ,  constraine d b y differen t  epistemologica l  framework s tha n thos e o f  adul t 
scientists .  Th e proces s o f  knowledg e acquisitio n require s th e rejectio n o f  thes e ontologica l 
and epistemologica l  belief s an d thei r  replacemen t  wit h a  differen t  explanator y framework . 
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