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Abstrac t 

This paper describes an investigation 

examinin g th e constructin g o f  a  conceptua l 

model  o f  a  selecte d natura l  phenomeno n b y 

childre n whe n usin g a  pictoria l  compute r 

simulatio n o f  tha t  phenomenon .  Th e pape r 

concentrate s o n describin g change s i n 

children' s conceptua l  model s whic h appeare d 

afte r  a n independen t  an d spontaneou s 

exploratio n process .  Th e selecte d natura l 

phenomenon wa s th e variation s o f  sunligh t 

and hea t  o f  th e su n a s experience d o n th e 

eart h relate d t o th e position s o f  th e eart h an d 

th e su n i n space .  Befor e th e exploratio n o f  th e 

natura l  phenomeno n wit h th e pictoria l 

compute r  simulatio n children' s conceptua l 

model s wer e a t  ver y differen t  levels .  Som e 

children' s conceptua l  model s o f  th e 

phenomeno n wer e quit e unidentified ,  an d 

some others '  ver y developed .  Onl y som e 

children' s conceptua l  model s containe d 

misconceptions .  Th e mos t  significan t  chang e 

i n children' s conceptua l  model s wa s tha t  th e 

interconnection s o f  differen t  thing s an d 

phenomen a bega n t o b e constructe d an d th e 

constructio n seem s t o b e i n th e directio n o f 

th e currentl y accepte d scientifi c  knowledge . 
Accordin g t o thes e findings  i t  seem s t o b e 

possibl e tha t  a n independen t  exploratio n b y 

means o f  a  pictoria l  compute r  simulatio n o f  a 

give n natura l  phenomeno n a t  a  ver y earl y 

stage ,  w h e n childre n ar e spontaneousl y 

intereste d i n thos e things ,  coul d hel p childre n 

i n th e formatio n o f  a  correctl y directe d 

conceptua l  mode l  o f  tha t  phenomenon . 

I n t r o d u c t i o n 

In several studies it has been suggested that 

childre n i n everyda y situation s for m 

conception s i n physic s an d astronom y whic h 

diffe r  fro m th e conception s o f  scientifi c 

theorie s i n questio n an d see m t o b e robus t 

and difficul t  t o reconcil e wit h currentl y 

accepte d scientifi c  knowledg e (Se e Vosniadou , 

1989 ,  1991a ;  Vosniado u an d Brewe r  1987 , 

1990 ,  1991) .  I n curren t  researc h ther e hav e 

bee n attempt s t o find  th e way s b y whic h 

childre n coul d b e guide d i n th e formatio n o f 

conception s an d th e chang e o f  misconception s 

(Se e diSessa ,  1988 ;  Vosniado u 1991a ,  199 1 b) . 

Thi s pape r  describe s change s i n children' s 

conceptua l  model s w h e n childre n hav e 

explore d independentl y a  give n natura l 

phenomeno n b y mean s o f  a  pictoria l  compute r 

simulatio n o f  tha t  phenomenon .  A  pictoria l 

compute r  simulatio n show s th e effect s o f  th e 

variation s o f  sunligh t  an d th e hea t  o f  th e su n 

on th e eart h i n nature ,  an d th e origi n o f  thos e 

variation s cause d b y th e interrelation s o f  th e 

eart h an d th e su n a s a  par t  o f  th e sola r 

system .  Th e childre n takin g par t  wer e seven -

yea r  ol d Finnis h first-graders.  The y ha d a t 

schoo l  n o forma l  instructio n befor e o r  durin g 

thei r  exploratio n proces s o f  thi s natura l 

phenomenon . 

Thi s pape r  first  describe s briefl y th e 

children' s conceptua l  developmen t  i n 

astronom y base d o n th e findings  o f  Vosniado u 

(1991b) .  Afte r  i t  th e researc h strateg y i s 

describe d an d finally  change s i n children' s 

conceptua l  model s o f  a  give n natura l 

phenomeno n ar e examined . 

Concep tua l  d e v e l o p m e n t  i n 

a s t r o n o m y 

Vosniadou (1991b, p. 169) has concluded, on 

th e basi s o f  he r  findings,  tha t  childre n star t 

thei r  knowledg e acquisitio n i n astronom y b y 

constructin g a n intuitiv e cosmologica l  mode l 
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of  a  flat,  stationar y eart h i n a  geocentri c sola r 
syste m i n whic h th e su n an d moo n mov e i n a n 
up/dow n directio n an d caus e th e day/nigh t 
cycle .  Eventuall y thi s intuitiv e mode l  change s 
t o tha t  o f  a  spherica l  earth ,  whic h rotate s 
aroim d it s axi s an d revolve s aroun d th e su n i n 
a heliocentri c sola r  syste m i n whic h th e 
day/nigh t  cycl e i s cause d b y th e axia l  rotatio n 
of  th e eart h an d no t  b y th e movemen t  o f  th e 
sv m an d th e moon . 

I n he r  findings  Vosniado u (1991b ,  p .  149 ) 
has observe d tha t  th e proces s o f  conceptua l 
chang e fro m thes e intuitiv e model s base d o n 
children' s everyda y experienc e t o scientifi c 
model s i s a  slo w an d gradua l  on e an d i s 
characterize d b y th e emergenc e o f  variou s 
misconception s o f  scientifi c  explanations . 
Misconception s ar e cause d whe n student s tr y 
t o reconcil e th e scientifi c  concept s wit h thei r 
experientia l  behefs . 

Vosniado u (1991b )  argue s tha t  focusin g o n 
students '  misconception s alon e ma y no t 
alway s provid e a  solutio n t o th e proble m o f 
restructuring .  Student s mus t  lear n t o 
questio n thei r  intmtiv e beUef s an d t o replac e 
the m wit h a  ne w explanator y fi-amework. 

R e s e a r c h strateg y 

A i m 

The aim was to investigate to what extent the 
independen t  us e o f  a  pictoria l  compute r 
simulatio n o f  a  selecte d natura l  phenomeno n 
coul d b e o f  hel p i n th e organizin g o f  th e 
phenomenon an d th e formin g o f  a n integrate d 
pictur e o f  tha t  phenomenon .  Attentio n wa s 
pai d t o th e constructin g o f  a  conceptua l  mode l 
of  th e phenomeno n b y childre n an d children' s 
explorin g strategie s durin g th e us e o f  th e 
compute r  simulation .  Thi s pape r  concentrate s 
on th e first  questio n examinin g th e resultan t 
change s i n children' s conceptua l  model s afte r 
th e us e o f  th e compute r  simulation . 

Pictoria l  compute r  simulatio n 

The pictorial computer simulation 
concentrate s o n th e variation s o f  sunligh t  an d 
heat  o f  th e su n a s experience d o n th e eart h 
relate d t o th e position s o f  th e eart h an d th e 

sun i n space .  I n th e simulatio n i t  i s  possibl e t o 
explor e th e variation s o f  sunligh t  an d hea t  o f 
th e su n an d thei r  effect s o n th e eart h i n a 
natura l  environment .  I t  i s  als o possibl e t o 
examin e th e origi n o f  thes e phenomen a fro m 
th e basi s o f  th e interconnection s an d position s 
of  th e eart h an d th e su n i n space .  Th e 
simulatio n concentrate s o n phenomen a whic h 
ar e clos e t o th e everyda y experience s o f 
children ,  suc h a s da y an d night ,  seasons , 
change s i n th e lif e o f  plant s an d bird s etc .  Th e 
simulatio n progra m ha s bee n implemente d i n 
suc h a  wa y tha t  th e knowledg e structur e an d 
theor y o f  th e phenomeno n ar e base d o n event s 
appearin g togethe r  wit h th e phenomeno n i n 
question ,  an d thes e event s ar e illustrated .  I n 
th e simulatio n al l  event s an d necessar y 
element s ar e represente d a s picture s an d 
familia r  symbols .  A t  th e eart h leve l  th e 
pictoria l  simulatio n represent s th e 
surroundin g world ,  it s  phenomen a an d object s 
i n a  ver y natura l  an d realisti c way .  I n 
explorin g th e phenomeno n a t  th e spac e leve l 
th e interrelation s o f  th e eart h an d th e su n ar e 
represente d wit h th e hel p o f  a n analogu e 
model .  Th e selecte d plac e o n th e eart h fro m 
wher e th e phenomeno n ha s bee n modele d an d 
simulate d fo r  a  compute r  i s th e subur b o f 
Lentavanniem i  i n Tampere ,  i n Finland .  Th e 
childre n wh o peuiicipate d i n thi s researc h liv e 
i n thi s area .  Therefor e th e exploratio n o f  th e 
phenomeno n wit h th e pictoria l  simulatio n 
take s plac e i n a n environmen t  familia r  t o th e 
children . 

The exploratio n o f  th e phenomeno n start s 
i n Lentavanniem i  o n th e 1s t  Januar y a t 
midnight .  O n a  bi g scree n i s see n a t  tha t 
moment  a  dark ,  snowy ,  winte r  landscap e i n a 
directio n o f  th e south .  Th e explorin g ca n b e 
continue d b y usin g ico n picture s unde r  th e 
pictur e o f  th e landscape ,  fo r  example ,  a  clock , 
a pictoria l  calendar ,  a  pictur e ma p wit h 
differen t  point s o f  th e compas s an d a  spac e 
shuttle .  Th e explorin g o f  th e phenomeno n ca n 
be continue d i n man y way s hou r  b y hour ,  da y 
by day ,  mont h b y month ,  a t  differen t  point s o f 
th e compas s an d s o on .  A t  an y moment  i t  i s 
possibl e t o tak e a  spac e shuttl e an d t o loo k a t 
th e interrelation s an d position s o f  th e eart h 
and th e su n a t  th e spac e level .  A t  th e spac e 
leve l  i t  i s  als o possibl e t o explor e th e 
interrelation s an d position s o f  th e eart h an d 
th e su n b y usin g ico n picture s whic h sho w th e 
tim e i n th e sam e wa y a s a t  th e eart h level .  A t 
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ever y moment  i t  i s  possibl e t o choos e ho w t o 

continu e exploring .  Explorin g ca n procee d a t 

ever y moment  usin g th e existin g alternatives . 

W h en explorin g a t  th e spac e leve l  th e 

eart h rotatin g aroun d it s axi s an d revolvin g 

aroun d th e su n o n it s ellipti c orbi t  appear s o n 

th e screen .  Th e plan e o f  th e earth' s orbi t  i s 

show n a s viewe d fro m directl y abov e thi s 

plane .  W h e n explorin g th e phenomeno n a t  th e 

eart h leve l  th e followin g m a y appea r  o n th e 

screen :  th e change s o f  darknes s an d lightnes s 

dail y wit h a n accurac y o f  on e hour ,  th e sun' s 

position s i n th e sk y ever y hour ,  th e plac e an d 

tim e fo r  th e sunris e an d th e sunse t  ever y da y 

roun d a  year ,  typica l  plants ,  bird s an d 

animal s accordin g t o season s an d s o on .  Wit h 

th e hel p o f  th e ico n pictures ,  binoculars , 

magnifyin g glas s an d microscop e i t  i s possibl e 

t o explor e flowers,  trees ,  leaves ,  insects ,  birds , 

spores ,  animal s an d s o o n i n mor e detail .  O n 

th e scree n a  selecte d objec t  i s  see n a s bigger . 

At  th e spac e leve l  wit h th e hel p o f  a  telescop e 

i t  i s  possibl e t o loo k a t  th e eart h a t  a  large r 

siz e s o that ,  fo r  example ,  Finlan d i s see n mor e 

clearly .  Fro m thi s pictur e o f  th e eart h i t  i s 

possibl e t o continu e furthe r  an d t o se e th e 

m ap o f  Finland ,  an d finally  a n ai r  phot o o f 

Tampere .  I n th e simulatio n i t  i s  als o possibl e 

t o explor e th e mutuj d siz e o f  th e eart h £in d th e 

su n an d t o ge t  a n imag e o f  th e distanc e 

betwee n them .  Als o th e positio n o f  th e eart h 

i n th e whol e sola r  syste m ca n b e see n o n th e 

screen .  Th e pictoria l  compute r  simulatio n i s 

constructe d s o tha t  i t  i s ver y eas y t o us e an d i t 

does no t  presuppos e a n abilit y  t o rea d o r 

write .  A  pictoria l  compute r  simulatio n i s 
describe d i n detail s i n th e articl e b y 

Kangassal o (1992) . 

Conceptua l  mode l 

A conceptual model is a mental construct. Its 
origi n i s i n th e abilit y  o f  th e brain ,  a t  a  ver y 

earl y stage ,  t o analyz e informatio n o f  th e 

externa l  worl d i n a  three-dimensiona l  layout . 

The unit s  o f  thi s three-dimensiona l  layou t  ca n 
be perceive d t o b e spatiall y  connecte d an d 

separatel y movable .  (Se e Spelke ,  1988. )  Th e 

developin g o f  a  conceptua l  mode l  o f  a  certai n 
phenomeno n i s base d o n th e forming  o f  th e 

brain' s neura l  network s an d thei r  connections . 

Informatio n abou t  objects ,  thei r  propertie s 

and relation s i s store d i n th e synaps e 

connection s o f  interconnecte d neura l 

networks .  Th e recal l  o f  informatio n i s base d 

on th e associativ e activatio n o f  interconnecte d 

neura l  networks .  Activatio n ca n b e cause d b y 

externa l  o r  interna l  incitemen t  whic h i s 

connecte d wit h store d information .  Th e 

activatio n o f  neura l  network s i s experience d 

as recollection s an d images .  Th e constructin g 

and connectin g o f  neura l  network s take s plac e 

i n everyda y situation s durin g life .  Th e mor e 

demandin g an d th e mor e complicate d th e 

activitie s an d thing s i n questio n are ,  th e mor e 

importan t  a  person' s ow n attentio n an d actio n 

i n th e constructin g o f  organize d neura l 

network s an d selecte d an d strengthene d 

connections .  Th e neura l  basi s o f  a  conceptua l 

model  i s base d mainl y o n th e mode l  o f 

memory mechanis m o f  Kohone n (1984 ,  1988) . 

A conceptua l  mode l  o f  a  natura l 

phenomeno n develop s ove r  tim e throug h 

perceptions ,  experience s an d a s a  resul t  o f 

menta l  activity .  Visua l  perception s hav e a 

centra l  par t  i n th e formin g o f  a  conceptua l 

model  o f  a  natura l  phenomeno n an d it s us e 

althoug h experience s wit h th e sense s o f  touch , 

smell ,  tast e an d hearin g concernin g th e 

phenomeno n als o hav e a  grea t  significanc e i n 

thi s process .  A  conceptua l  mode l  correspond s 

t o a  give n natura l  phenomenon ,  it s events , 

phenomena ,  object s an d qualitie s bot h i n thei r 

tempora l  an d spatia l  relations .  I t  consist s o f 

th e regularitie s o f  thos e interrelation s an d 

interdependence s whic h ai e characteristi c  o f  a 

give n natura l  phenomenon .  B y mean s o f  a 

conceptua l  mode l  throug h visua l  image s i t  i s 

possibl e t o examin e a  phenomenon ,  it s object s 

and thei r  qualitie s an d spatia l  an d tempora l 

relations ,  bot h th e event s o f  a  phenomeno n 

and als o t o follo w th e sequence s o f  event s (Se e 

Denis ,  1991 ;  Nickerson ,  Perkin s an d Smith , 

1985) .  Th e origin ,  development ,  functio n an d 

elicitatio n o f  a  conceptua l  mode l  ar e examine d 

i n detai l  i n Kangassalo' s (1993a ,  1993b ) 

articles . 

Elicitatio n o f  a  conceptua l  m o d e l 

The elicitation of a conceptual model was 

achieve d usin g procedure s whos e ai m wa s t o 

caus e recal l  o f  th e natura l  phenomeno n i n 

question .  Th e activatio n o f  informatio n store d 

i n neura l  network s wa s cause d b y externa l 

incitement s whic h wer e connecte d wit h th e 
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phenomenon .  A s activatin g incitement s an d 

attentio n director s snow ,  picture s an d verba l 

expression s wer e used .  A  chil d modele d th e 

natura l  phenomeno n fro m th e basi s o f 

recollection s an d image s throug h action , 

pictoriall y  an d verball y usin g differen t  tasks . 

The modelin g too k plac e b y showing ,  drawing , 

modelin g an d explaining .  Picture s an d 

modelin g cla y wer e use d i n th e tasks . 

I n th e natura l  phenomeno n attentio n wa s 

pai d t o th e variation s o f  sunligh t  an d hea t  o f 

th e su n o n th e earth ,  th e interconnection s o f 

th e eart h an d th e su n i n space ,  an d 

interrelation s o f  phenomen a o n th e eart h an d 

i n space .  I n additio n attentio n wa s pai d t o th e 

size ,  for m an d distanc e betwee n th e eart h an d 

th e Sim . 

Th e elicitatio n o f  a  child' s conceptua l 

model  too k plac e befor e an d afte r  th e 

exploratio n o f  th e natura l  phenomeno n wit h 

th e simulation .  I n bot h situation s attentio n 

w as pai d t o th e sam e thing s althoug h 

separat e task s differe d fro m eac h othe r  t o a 

certai n extent .  Childre n ha d possibilitie s t o 

us e th e simulatio n progra m fo r  fou r  week s i n 

a da y car e centr e afte r  school .  I n th e researc h 

grou p ther e wer e eleve n childre n o f  abou t 

seve n year s old .  Th e childre n di d no t  discus s 

th e thing s i n th e pictoria l  simulatio n a t  hom e 

or  a t  school .  Thi s cam e ou t  i n th e interview s 

wit h parent s an d teachers . 

R e s u l t s 

In this chapter the main features of children's 

conceptua l  model s o f  th e natura l  phenomeno n 

i n questio n befor e th e exploratio n o f  th e 

phenomeno n wit h th e compute r  simulatio n 

and th e mos t  significan t  change s afte r  th e us e 

of  th e simulatio n ha s bee n described . 

Individua l  difference s i n children' s 

conceptua l  model s wer e ver y large .  Som e 

children' s (3/11 )  conceptua l  model s wer e quit e 

vagu e an d undeveloped .  I n thei r  conceptua l 

model s th e alternatio n o f  da y an d nigh t  o n th e 

eart h w a s organize d bu t  th e sequence s o f 

season s wer e expresse d accordin g t o th e 

children' s o w n preferences .  O n e chil d 

organize d th e phenomeno n onl y a t  th e eart h 

level .  I n tw o children' s conceptua l  model s th e 

eart h an d th e su n wer e modele d a s spherical , 

bu t  n o connection s wer e expresse d betwee n 

phenomen a o n th e eart h an d th e position s o f 

th e eart h an d th e su n i n space .  Afte r  th e us e 

of  th e simulatio n a  significan t  chang e i n thei r 

model s wa s tha t  th e eart h bega n t o revolv e 

aroun d th e sun . 

A littl e mor e develope d wer e conceptua l 

model s b y fou r  childre n (4/11) .  Th e variation s 

of  sunligh t  an d hea t  o f  th e su n o n th e earth , 

th e alternatio n o f  darknes s an d lightnes s an d 

th e successio n o f  seasons ,  wer e organize d 

quit e well .  Th e variatio n o f  da y an d nigh t  o n 

th e eart h ha d bee n expresse d t o hav e resulte d 

fro m th e interrelation s o f  th e spherica l  eart h 

and th e spherica l  su n i n space .  I n thre e case s 

th e eart h move d o r  swaye d a t  th e sam e poin t 

of  th e earth' s orbi t  s o tha t  th e pointin g o f  th e 

eart h toward s th e su n changed .  Thi s wa s 

indicate d b y turnin g th e eart h toward s th e 

sun .  I n on e child' s mode l  th e eart h revolve s 

aroun d th e su n an d daytim e i s cause d whe n 

th e eart h i s o n th e othe r  sid e o f  th e su n an d 

darknes s whe n i t  i s  o n th e opposit e sid e o f  th e 

sun .  Th e successio n o f  season s wa s no t  ye t 

connecte d wit h th e position s o f  th e eart h an d 

th e su n i n space .  I n thes e children' s models , 

afte r  th e exploratio n process ,  th e eart h i s 

revolvin g aroun d th e su n an d th e successio n 

of  season s o n th e eart h wa s perceive d t o b e 

connecte d wit h th e position s o f  th e eart h an d 

th e su n i n space .  Th e reconciliatio n o f  th e 

alternatio n o f  lightnes s an d darknes s an d th e 

successio n o f  season s i n th e position s o f  th e 

eart h an d th e su n i n spac e mode l  prove d t o b e 

problematic .  I n children' s conceptua l  model s 

thes e thing s ar e show n a s eithe r  quit e 

separat e o r  th e alternatio n o f  lightnes s an d 

darknes s i s totall y absent . 

One child' s (1/11 )  conceptua l  mode l  o f  th e 

phenomeno n wa s ver y wel l  developed .  Th e 

onl y undevelope d thin g i n hi s conceptua l 

model  wa s th e reconciUatio n o f  th e alternatio n 

of  lightnes s an d darknes s an d th e successio n 

of  season s wit h th e position s o f  th e eart h an d 

th e su n a t  th e spac e level .  Th e successio n o f 

season s o n th e eart h wer e quit e correctl y 

connecte d wit h th e position s o f  th e eart h an d 

th e su n i n space .  Th e alternatio n o f  da y an d 

nigh t  o n th e eart h wa s expresse d t o hav e 

resulte d fro m th e rotatio n o f  th e eart h arovm d 

it s axi s onc e durin g th e earth' s circui t  aroun d 

th e sun .  O n th e eart h i t  wa s daytim e whe n 

th e eart h wa s o n th e othe r  sid e o f  th e su n an d 

nigh t  whe n i t  wa s o n th e opposit e sid e o f  th e 

sun .  Durin g th e exploratio n proces s th e 

reconciliatio n wa s made .  I n th e child' s 
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conceptua l  mode l  afte r  th e us e o f  th e 

compute r  simulatio n th e eart h rotate s aroun d 

it s axi s onc e ever y 2 4 hour s whe n th e eart h i s 

revolvin g aroun d th e sun ,  a  circui t  aroun d th e 

su n takin g plac e onc e a  year . 

Thre e children' s (3/11 )  conceptua l  model s 

containe d a  clea r  misconception .  I n thei r 

model s th e su n i s revolvin g aroun d th e eart h 

causin g th e alternatio n o f  da y an d nigh t  an d 

th e successio n o f  summe r  an d winte r  o n th e 

earth .  I n thes e children' s conceptua l  model s 

on th e eart h th e alternatio n o f  da y an d nigh t 

and th e successio n o f  season s wer e organize d 

quie t  correctly .  Thes e childre n wer e a  littl e 

unwillin g compare d t o othe r  childre n t o 

explor e th e phenomeno n wit h th e compute r 

simulation .  Afte r  th e us e o f  th e simulation , 

tw o children' s conceptua l  model s wer e 

disintegrated .  Th e sun' s revolvin g aroun d th e 

eart h wa s absen t  an d interrelation s o f 

phenomen a o n th e eart h an d i n spac e becam e 

weaker .  On e child' s mode l  remaine d nearl y 

unchanged . 

The mos t  essentia l  chang e i n children' s 

conceptua l  model s w a s tha t  th e 

interconnection s o f  differen t  thing s an d 

phenomen a bega n t o b e constructe d an d th e 

constructio n seem s t o b e i n th e directio n o f 

th e currentl y accepte d scientifi c  knowledge . 

The exten t  o f  constructin g varie d i n children' s 

conceptua l  models .  Thi s seeme d t o b e i n 

connectio n wit h th e tim e fo r  whic h a  chil d 

explore d th e phenomeno n wit h th e compute r 

simulation .  Childre n use d th e compute r 

simulatio n fo r  a n averag e o f  6 5 minutes .  Th e 

shortes t  operatin g tim e wa s 3 3 minute s an d 

th e longes t  11 2 minute s ove r  a  perio d o f  fou r 

weeks .  Th e expressio n o f  children' s conceptua l 

model s too k plac e mainl y b y showing , 

modeUng an d pictures .  Wit h a  fe w exception s 

verba l  expressio n wa s use d o n averag e ver y 

Uttl e o r  no t  a t  all . 

Conclusion s 

According to these findings it seems possible 
tha t  a n independen t  exploratio n b y mean s o f 
a pictoria l  compute r  simulatio n o f  a  give n 
natura l  phenomeno n a t  a  ver y earl y stage , 
when childre n ar e spontaneousl y intereste d i n 
thos e things ,  coul d hel p childre n i n th e 
formatio n o f  a  correctl y directe d conceptua l 
model  o f  tha t  phenomenon . 
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