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Abstrac t 

This paper presoits the results of a study \\iuch examined 
children' s idea s abou t  th e origi n an d differentiatio n o f 
species .  Th e focu s o f  thi s pape r  i s  o n th e epistemi c 
construct s associate d wit h children' s explanator y 
frameworks.  T w o group s o f  elementar y schoo l  students ,  9 -
year-old s an d 12-year-olds ,  wer e interviewe d usin g a  semi -
structure d questionnaire .  Th e result s indicat e tha t  mos t 
childre n explai n th e phenomen a o f  speciatio n i n term s o f  a 
conceptua l  framework  tha t  strongl y resemble s eithe r  earl y 
Gree k o r  late r  renaissanc e variant s o f  Essoitialis t  theorie s i n 
biology .  Childre n als o demonstrat e a  spontaneou s 
understandin g o f  importan t  q)istemi c construct s associate d 
wit h theoretica l  frameworks.  Fo r  example ,  mos t  childro i 
sho w a n explici t  awarenes s o f  th e boundarie s o f  thei r 
theoretica l  frameworks  an d hav e som e ide a o f  th e 
phenomena tha t  suc h a  framework  ca n an d shoul d explain . 
Many childre n trea t  question s abou t  th e origin s o f  th e first 
anima l  an d plan t  specie s a s "firs t  questions, "  o r  question s 
whic h ar e i n principl e unanswerable .  Th e childre n appea r  t o 
distinguis h betweo i  fact s tha t  the y a s individual s lac k bu t 
tha t  ar e probabl y know n b y experts ,  domai n problem s tha t 
ar e unsolve d bu t  coul d i n principl e b e answere d b y 
biologica l  theories ,  an d problem s tha t  ar e beyon d th e 
explanator y scop e o f  biologica l  theories . 

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

Naive Theories and Conceptual Change 

A key issue in recent research on "naive" mental 
representation s ha s bee n th e degre e o f  metacognitiv e 
awarenes s an d contro l  tha t  novice s hav e ove r  suc h 
representations .  Researcher s lik e K u h n (1989 )  an d 
diSessa ,  (1988 )  argu e tha t  childre n i n particula r  lac k 
metacognitiv e awarenes s o f  thei r  theorie s a s menta l  entitie s 
an d thin k wit h rathe r  tha n abou t  theories .  T h e abov e 
researcher s clai m tha t  becaus e childre n lac k th e epistemi c 
construct s i n term s o f  whic h expert s thin k abou t  an d 
evaluat e theories ,  children' s theorie s ar e local ,  incoherent , 
an d infinitel y malleabl e ove r  tim e an d context .  The y 
sugges t  tha t  element s o f  a n exper t  o r  "scientific " 
epistemolog y ca n onl y b e acquire d throug h forma l 
schoolin g i n th e institutio n o f  science . 

Ther e i s researc h (Samarapungavan ,  1992 )  showin g tha t 
i n theor y choic e contexts ,  wher e tas k demand s focu s 
childre n o n th e metaconceptua l  aspect s o f  theories ,  childre n 
ca n evaluat e theorie s o n suc h dimension s a s conceptua l 
coherence ,  empirica l  consistency ,  an d explanator y power , 
m u ch lik e scientist s ar e presume d t o (Kuhn ,  1977 ;  Lauda n 
et  al. ,  1986) .  Thi s pape r  present s th e result s o f  a  stud y 
whic h examine d children' s idea s abou t  th e origi n an d 
differentiatio n o f  species .  O u r  researc h show s tha t 
elementar y schoo l  childre n demonstrat e a  spontaneou s 
awarenes s o f  suc h epistemi c construct s a s theoretica l 
boundarie s an d "firs t  questions "  i n relatio n t o thei r 
explanator y framework s fo r  thi s domain .  Prio r  researc h 
(Carey ,  1985 ;  Keil ,  1989 )  o n youn g children' s biologica l 
knowledg e indicate s tha t  elementar y schoo l  childre n appea r 
t o hav e th e beginning s o f  a  principle d conceptua l 
framework  fo r  biologica l  phenomena .  Thi s conceptua l 
fi-amework  whic h i s radicall y differen t  fi'om  th e biologica l 
theorie s o f  adult s i n som e respects ,  provide s childre n wit h a 
w ay o f  distinguishin g betwee n animat e an d inanimat e 
object s (Carey ,  1985 )  an d allow s the m t o mak e deductiv e 
inference s abou t  individua l  animal s o r  plant s base d o n 
knowledg e o f  thei r  membershi p i n supe r  ordinat e biologica l 
(Gelma n &  M a r k m a n ,  1986 )  o r  ontologica l  (Kei l  1989 ) 
categories . 

T h e studie s o f  Care y (1985) ,  Ge lma n &  M a r k m a n 
(1986) ,  an d Kei l  (1989 )  yiel d interestin g informatio n o n th e 
kind s o f  conceptua l  distinction s childre n us e i n 
constructin g biologica l  categories .  However ,  thes e studie s 
d o no t  tel l  u s whethe r  an d h o w childre n explai n th e origin s 
of  th e biologica l  categorie s an d th e reason s fo r  th e 
differentiatio n o f  thes e categorie s fi-om  eac h other .  Th e 
presen t  stu<f y wa s designe d t o explor e children' s idea s abou t 
th e origi n an d differentiatio n o f  anima l  species .  O n th e 
basi s o f  th e wor k o f  Care y (1985 )  an d Kei l  (1989 )  discusse d 
above ,  w e hypothesize d tha t  youn g childre n migh t  thin k 
abou t  specie s i n term s o f  a n essentialis t  framewor k i n 
whic h question s abou t  "origins "  simpl y d o no t  aris e an d n o 
evolutionar y chang e i s possibl e ( a theor y hel d b y th e earl y 
Greek s an d b y renaissanc e scientists ,  se e Mayr ,  1982) . 

Initially ,  ou r  focu s i n thi s stud y wa s o n th e conceptua l 
conten t  an d coherenc e o f  children' s theories .  On e 
unanticipate d finding  o f  th e curren t  stud y wa s tha t  i n 
answerin g question s abou t  speciation ,  childre n 
spontaneousl y invok e th e epistemi c construc t  o f  theoretica l 
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boundaries .  The y respon d b y differentiatin g betwee n th e 
kind s o f  phenomen a tha t  a  biologica l  theor y ma y o r  ma y 
not  b e expecte d t o explai n A s a  resul t  o f  thi s finding  w e 
initiate d a  qualitativ e analysi s o f  th e kind s o f  epistenu c 
distinction s childre n mak e whe n the y encounte r  question s 
tha t  the y ar e unabl e t o answer .  I n th e followin g sections , 
we wil l  presen t  a  brie f  descriptio n o f  th e conten t  o f 
children' s explanator y framework ^  an d presen t  dat a o n th e 
kind s o f  epistemi c distinction s tha t  childre n make . 

Methods 

Subjects 

The subjects were 35 children who attended a public school 
i n Hoofddorp ,  a  cit y i n th e Netherlands .  Ther e wer e 2  ag e 
groups :  Grou p 1  (N = 17 ,  mea n ag e 9, 4 years ,  rang e 8,1 -
10, 4 years )  an d Grou p 2  (N=1 8 children ,  mea n ag e 12, 3 
years ,  rang e 11,4-13, 1 years) .  Th e children' s score s o n th e 
Raven Progressiv e Matrice s tes t  o f  intelligenc e wer e i n th e 
norma l  rang e (Grou p 1 :  mea n =  3 2 s d =  7.7 ;  Grou p 2 : 
mean =  4 3 s d =  4.6) . 

Materials and Procedure 

A structured questionnaire containing 16 questions was 
develope d t o examin e children' s idea s abou t  th e origin s an d 
differentiatio n o f  specie s (Se e Samarapungava n &  Wiers , 
1992 ;  Samarapungava n &  Minkowski ,  199 2 fo r  detail s o f 
methodology) .  Th e concept s investigate d include d th e 
initia l  condition s fo r  lif e o n earth ,  th e geologica l  an d 
biologica l  histor y o f  th e earth ,  th e explanation s fo r  th e 
existenc e o f  species-specifi c  characteristics ,  th e 
mechanism s o f  biologica l  inheritance ,  an d th e mechanism s 
fo r  th e origi n an d differentiatio n o f  species .  Eac h 
conceptua l  are a wa s teste d wit h multipl e question s t o 
provid e convergin g evidenc e fo r  children' s concept s an d t o 
enabl e u s t o examin e th e consistenc y o f  children' s ideas . 
Some question s require d onl y verba l  responses .  O n othe r 
questions ,  childre n ha d t o classif y picture s o f  animal s an d 
orde r  suc h picture s o n tim e line s t o demonstrat e thei r 
taxonomi c knowledg e an d thei r  idea s abou t  biologica l 
history .  Othe r  question s require d childre n t o construc t 
famil y tree s demonstratin g th e ancestr y o f  som e curren t 
specie s an d th e descendant s o f  som e initia l  species . 

The childre n wer e aske d factua l  question s (e.g. ,  Q l  H o w 
ol d i s th e earth?) ,  question s tha t  require d explanation s o f 
biologica l  phenomen a (e.g. ,  Q 9 a H o w di d peopl e first 
appea r  o n earth? )  an d question s tha t  calle d fo r  prediction s 
or  inference s t o nove l  situation s (e.g. ,  Q 1 2 I f  yo u teac h a 
mothe r  do g h o w t o j um p throug h a  hoo p an d thi s mothe r 
dog ha s puppies ,  wil l  thes e puppie s b e bor n knowin g h o w 
t o jum p throug h a  hoop?) .  Eac h chil d wa s interviewe d 
individuall y an d th e averag e intervie w too k abou t  5 0 
minutes .  Al l  interview s wer e tape-recorde d an d transcribed . 
I f  a  child' s answe r  wa s unclear ,  follow-u p question s wer e 
aske d fo r  clarification . 

Scoring 

The explanatory framework. The conceptual content of 

children' s answer s t o eac h questio n wer e first  score d 
independentl y o f  thei r  answer s t o othe r  questions .  The n a 
qualitativ e analyse s o f  children' s combine d response s o n al l 
question s wa s performe d t o determin e thei r  overal l 
explanator y frameworks .  T h e protocol s wer e score d b y tw o 
independen t  judge s an d 9 3 % agreemen t  wa s obtained .  Al l 
disagreement s wer e resolve d throug h discussio n (se e 
Samarapungava n &  Wiers ,  1992 ;  Samarapungava n & 
Minkowski ,  199 2 fo r  details) . 

The epistemic constructs. Children's spontaneous 
comment s abou t  natur e o f  th e limit s o n thei r  individua l 
knowledg e a s wel l  a s o n th e kind s o f  answer s a  biologica l 
theor y coul d generat e wer e categorize d a s follows : 
1.  Persona l  ignoranc e Fact s tha t  th e chil d di d no t 
personall y k n o w bu t  tha t  wer e i n th e domai n o f  publi c 
knowledg e an d tha t  coul d b e accesse d b y individuals . 
Thes e fact s coul d b e obtaine d fro m referenc e source s 
(books ,  musea )  o r  b y askin g expert s (teachers ,  scientists ) 
2.  Cuttin g edg e problems .  Importan t  phenomen a tha t 
wer e currentl y unexplaine d o r  importan t  fact s tha t  wer e 
currentl y unknow n bu t  tha t  coul d potentiall y  b e know n / 
explaine d i n th e fiiture. 
3.  Firs t  Question s o r  Unanswerabl e Questions .  Problem s 
tha t  ar e beyon d th e explanator y powe r  an d scop e o f 
biologica l  theor y o r  philosophica l  first  questions . 
4.  Unimportan t  phenomena .  Phenomen a tha t  ar e trivia l 
or  unimportan t  an d therefor e d o no t  requir e a n explanation . 

Results and Discussion 

Children's Explanatory Frameworks for Speciation 

As there were no differences in the types of explanatory 
framework s constructe d betwee n th e tw o ag e groups ,  th e 
result s presente d ar e poole d accros s groups .  O f  th e 3 5 
childre n examine d i n thi s study ,  7  childre n (20% )  ha d 
numerou s inconsistencie s i n thei r  patter n o f  response s an d 
wer e classifie d a s havin g mixe d explanator y firameworks. 
For  example ,  on e chil d starte d ou t  b y sayin g tha t  i n th e 
beginnin g ther e wer e onl y tin y se a creature s whic h 
subsequentl y evolve d int o large r  lan d specie s Late r  sh e 
sai d tha t  peopl e ha d alway s existe d o n eart h Twent y eigh t 
childre n use d consisten t  explanator y frameworks . 

Essentialist frameworks. Twenty two children (62%) 
wer e classifie d a s havin g essentialis t  explanator y 
frameworks .  Al l  essentialis t  childre n explicitl y  rule d ou t 
creatio n b y G o d a s a n explanatio n fo r  th e origin s o f  species . 

Pure essentiaiists with marginal micro changes within 
species .  Nin e childre n (26% )  answere d i n a  manne r 
consisten t  wit h a n essentialis t  explanator y framewor k tha t 
allow s fo r  littl e o r  n o chang e i n th e phenotypi c propertie s o f 
specie s ove r  time .  Thes e childre n believ e tha t  al l  curren t 
specie s hav e alway s existe d althoug h i n som e case s th e 
ancestor s looke d somewha t  different .  Fo r  example ,  man y 
of  thes e childre n sai d tha t  th e ancesto r  o f  moder n m a n wa s 
th e "ap e man "  an d tha t  th e "ap e m a n "  ha d alway s existed . 
Pur e essentiaiist s thin k tha t  th e onl y change s i n th e 
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distributio n o f  biologica l  specie s ove r  tim e occu r  a s a  resul t 
of  th e extinctio n o f  entir e species .  Thes e childre n 
understan d th e functiona l  o r  adaptationa l  valu e o f  variou s 
species-specifi c  characteristics .  Fo r  example ,  the y sa y tha t 
th e fu r  o f  th e pola r  bea r  keep s i t  w a r m an d function s a s 
camouflag e agains t  th e sno w However ,  the y d o no t 
explai n th e emergenc e o f  thes e characteristic s i n term s o f 
thei r  adaptationa l  value .  Instea d the y appea r  t o believe ,  a s 
Aristotl e did ,  tha t  th e essence s o f  specie s reflec t  a n inheren t 
an d immutabl e desig n whic h allow s the m t o b e adapte d t o 
thei r  environmen t  Childre n w h o ar e pur e essentialist s 
canno t  explai n intra-specie s variatio n an d dismis s i t  a s a n 
unimportan t  phenomena .  The y als o canno t  specif y a 
biologica l  mechanis m fo r  th e inheritanc e o f  characteristics . 

Dinosaur essentialists. Eight children (23%) were placed 
i n thi s category .  T h e dinosau r  essentialist s diffe r  fro m th e 
pur e essentialist s i n thei r  belie f  tha t  th e first  anima l  specie s 
on eart h wer e "dinosaur s "  The y sa y tha t  whil e som e 
dinosau r  specie s becam e extinct ,  other s wer e graduall y 
transforme d a s a  resul t  o f  adaptationa l  pressur e fro m th e 
environmen t  int o thei r  m o d e m da y descendants .  Follo w u p 
question s revea l  tha t  thes e childre n believ e tha t  th e 
dinosau r  ancestor s o f  curren t  specie s wer e simpl y bigge r 
version s o f  th e curren t  specie s wit h exaggerate d phenotypi c 
characteristic s suc h a s longe r  hair ,  an d bigge r  teeth .  Thes e 
childre n thin k tha t  scarcit y o f  foo d an d a  warme r  climat e 
cause d (b y som e unspecifie d mechanism )  a  gradua l 
transformatio n i n ou r  dinosau r  ancestor s unti l  the y becam e 
smalle r  an d les s hair y o r  thinner-skinne d dependin g o n th e 
species .  W e cal l  thes e kind s o f  change s "micr o changes " 
becaus e th e overal l  morphology ,  behavior ,  an d habita t  o f 
th e specie s i s preserve d fro m dinosau r  ancesto r  t o moder n 
day descendant .  Fo r  example ,  al l  five  childre n referre d t o 
th e m a m m o t h a s th e "dinosau r  elephant "  an d t o th e 
Neandertha l  m a n a s th e "dinosau r  ap e man. "  Indee d th e 
kin d o f  chang e allowe d fo r  b y thes e childre n strongl y 
resemble s tha t  posite d b y renaissanc e scientist s lik e Leibni z 
an d Buffo n (se e Mayr ,  1982) .  Thes e childre n d o no t 
conside r  th e possibilit y  o f  "macr o changes "  o r  larg e 
qualitativ e change s i n morphology ,  behavio r  etc. ,  ove r 
time ,  an d respon d t o question s abou t  th e emergenc e o f 
species-specifi c  characteristic s i n th e sam e wa y a s th e pur e 
essentialists .  Thi s i s als o tru e wit h regar d t o th e question s 
abou t  intra-specie s vju-iatio n an d biologica l  inheritance . 

Essentialists with Spontaneous Generation. Five 
childre n ( 1 4 % )  wer e place d i n thi s category .  The y diffe r 
fro m th e dinosau r  essentialist s an d th e pur e essentialist s 
onl y i n thei r  belie f  tha t  th e first  specie s t o appea r  o n eart h 
originate d a s a  resul t  o f  spontaneou s generation .  Thre e 
childre n sai d tha t  specie s originate d fro m inanimat e matte r 
whic h (b y som e unexplaine d mechanism )  becam e 
transforme d int o tin y animat e particle s whic h containe d th e 
blueprin t  fo r  th e origina l  ancestor s o f  curren t  species .  Th e 
animat e particle s graduall y gre w bigge r  an d too k th e for m 
of  th e origina l  species .  T w o childre n sai d tha t  i n th e 
beginnin g ther e wer e tin y "seeds "  o r  lif e particle s strew n al l 
ove r  th e earth .  Eac h see d containe d th e blueprin t  fo r  th e 
origina l  ancestor s o f  curren t  species .  Agai n b y som e 

unspecifie d mechanism ,  thes e seed s gre w an d becam e 
transforme d int o th e first  species .  Th e explanation s o f 
thes e childre n fo r  th e origin s o f  specie s strongl y resembl e 
thos e o f  renaissanc e scientist s lik e d e Maille t  (se e Mayr , 
1982) . 

Creationist frameworks. Three children (9%) were 
classifie d a s creationists .  Thes e thre e childre n diffe r  fro m 
th e pur e essentialist s onl y i n thei r  belie f  tha t  th e variou s 
specie s hav e bee n create d b y God . 

Evolutionary frameworks. Three children (9%) were 
place d i n thi s category .  Childre n wit h evolutionar y 
framework s sa y tha t  neithe r  plant s no r  animal s alway s 
existe d o n earth .  Thes e childre n sa y tha t  lif e bega n wit h 
tin y se a creature s whic h graduall y becam e differentiate d 
int o fish,  amphibians ,  an d lan d animals .  The y clearl y 
allo w fo r  macr o change s betwee n ancesto r  an d descendan t 
species .  Thei r  famil y tree s reflec t  divergen t  evolutio n an d 
tru e differentiation .  Lik e th e essentialists ,  thes e childre n 
k n o w abou t  extinction . 

Al l  3  childre n explai n th e emergenc e o f  species-specifi c 
characteristic s i n term s o f  th e Lamarckia n mechanis m o f 
th e inheritanc e o f  characteristic s tha t  ar e acquire d throug h 
us e an d disuse .  Fo r  example ,  al l  3  childre n sai d tha t 
giraffe s use d t o hav e shor t  neck s bu t  tha t  a s a  resul t  o f  thei r 
strainin g t o reac h leave s i n tal l  trees ,  th e neck s o f  th e 
giraffe s gre w longer .  T h e babie s o f  thes e giraffe s wer e the n 
bor n wit h longe r  necks . 

Whil e thes e childre n clearl y understan d th e rol e o f 
biologica l  adaptatio n i n differentiation ,  the y d o no t 
understan d th e rol e o f  intra-specie s variatio n i n thi s 
process .  Lik e th e essentialists ,  thes e childre n regar d intra -
specie s variatio n a s a n unimportan t  phenomenon .  Thes e 
childre n d o hav e a  partia l  understandin g o f  th e mechanism s 
fo r  biologica l  inheritance .  The y sa y tha t  individua l 
phenotype s expres s th e characteristic s o f  on e o r  bot h 
parent s whic h ar e transmitte d reproductivel y throug h 
"cells, "  "sperms, "  o r  "eggs. " 

T h e E p i s t e m i c B o u n d a r i e s 
E x p l a n a t o r y F r a m e w o r k s 

o f  Children' s 

Essentialis t  F rameworks .  Becaus e essentialis t  childre n 
believ e tha t  specie s alway s existe d o n eart h an d tha t  th e 
essence s o f  specie s remai n constan t  ove r  time ,  question s 
abou t  th e origin s o f  specie s o r  abou t  th e origin s o f  species -
specifi c  propertie s m a k e littl e sens e t o thes e children .  Thi s 
serie s o f  question s ofte n elicite d comment s fro m childre n 
tha t  reveale d thei r  idea s abou t  th e epistemi c boundarie s o f 
thei r  explanator y frameworks . 

1. First questions or unanswerable questions. 
Essentialis t  childre n ofte n indicate d tha t  th e question s w e 
put  t o the m abou t  th e origin s o f  species-specifi c 
characteristic s wer e "strange "  o r  incorrectl y worde d 
Seventee n o f  th e 2 2 essentialis t  childre n (77% )  sai d tha t 
our  question s abou t  th e origin s o f  specie s o r  abou t  th e 
origin s o f  species-specifi c  characteristic s wer e beyon d th e 
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scop e o f  biologica l  theory .  Example s o f  thes e type s o f 
response s ca n b e see n i n th e excerpt s from  th e protocol s o f 
tw o essentialis t  childre n give n below . 

Example 1: Jasper (Age 11 years) 

E: How do you think giraffes come to have their long 
necks ? 
C:  I t  (i.e. ,  th e neck )  di d no t  com e int o being !  I t  wa s 
alway s there .  I  don' t  understan d wha t  yo u mea n b y tha t 
E:  H o w di d peopl e first  appea r  o n earth ? 
C:  It s th e sam e a s wit h th e animals .  N o ca n kno w that ! 
That  wil l  alway s b e a  puzzle . 

Example 2: Jan (Age 8 years) 

E:  H o w d o yo u thin k giraffe s com e t o hav e thei r  lon g 
necks ? 
C:  Oh !  Tha t  i s  a  rotte n question ! 
E:  Why d o sa y that ? 
C:  Becaus e ther e i s n o answe r  fo r  it .  N o on e i n th e worl d 
coul d answe r  that . 

Further evidence that essentialist children do understand 
th e boundarie s o f  thei r  explanator y framework  come s o n 
thei r  response s t o Q5a- b i n whic h the y ar e aske d wha t  the y 
thin k o f  th e Creationis t  accoun t  i n th e Bible .  Whil e al l  th e 
essentialis t  childre n repudiate d creatio n b y Go d a s a n 
explanatio n o f  th e origi n o f  species ,  1 4 childre n als o 
indicate d tha t  the y understoo d th e limitation s o f  thei r  ow n 
framework  i n dealin g v^t h th e proble m o f  origins .  Thi s i s 
illustrate d i n th e protoco l  excerp t  give n below . 

Suzzane (Age 8 years) 

E:  Ca n yo u tel l  m e h o w th e animal s an d peopl e originate d 
accordin g th e Bible ? 
C:  Go d mad e th e animal s an d A d a m an d Ev e an d the n 
the y go t  children . 
E:  S o wha t  d o yo u thin k o f  th e Biblica l  explanatio n fo r 
how th e animal s an d peopl e cam e int o being ? 
C:  I  don' t  know .  I  don' t  believ e i t  a t  al l  bu t  I  als o d o no t 
kno w ho w els e th e worl d cam e int o being .  I  kno w i t  i s 
strang e tha t  suddenl y ther e i s th e eart h wit h al l  thes e 
animal s an d all .  I  don' t  believ e tha t  G o d o r  someon e jus t 
suddenl y pu t  the m her e bu t  I  don' t  reall y hav e a  bette r 
explanatio n myself .  I  don' t  thin k anyon e does . 

2. Cutting edge problems. Essentialist children appear to 
distinguis h betwee n first  question s tha t  ar e beyon d th e 
scop e o f  biologica l  theor y an d unsolve d problem s tha t  ar e 
withi n th e scop e o f  biologica l  theory .  Thirtee n o f  th e 2 2 
essentialis t  childre n (59% )  recognize d a n unsolve d o r 
difficul t  proble m whic h wa s withi n th e scop e o f  a n 
explanator y framework  fo r  biologica l  phenomena .  W e cal l 
thi s typ e o f  respons e a  recognitio n o f  "cuttin g edge " 
problems .  A n exampl e i s give n below . 

IVIischa (Age 12 years) 

E:  Ostriche s hav e wing s bu t  the y canno t  fly.  Wh y can' t 
theyfly ? 

C:  Becaus e the y ar e to o heavy ? 
E:  Good .  N o w wh y d o the y hav e wings ? 
C:  Goo d question !  I  gues s al l  bird s hav e wing s an d the y 
ar e birds .  Bu t  the n wh y i s it ,  thei r  wing s don' t  wor k fo r 
them ? Tha t  i s a  difficul t  question . 
E:  Yes .  Wha t  d o yo u thin k th e answe r  migh t  be ? 
C:  I  don' t  know .  I  doub t  tha t  i t  ha s bee n foun d out . 
Maybe i f  rea l  expert s stud y them ,  the y wil l  find  tha t  wing s 
hav e som e othe r  us e a s well . 

3. Personal ignorance. These are responses in which 
childre n indicat e tha t  the y ar e personall y ignoran t  o f  th e 
fact s bu t  believ e tha t  th e fects  ar e know n t o experts . 
Eightee n o f  th e 2 2 essentialis t  childre n (82% )  gav e thes e 
type s o f  response s i n th e cours e o f  th e interview .  A n 
exampl e o f  thi s typ e o f  respons e i s give n below . 

Ineke (Age 10 years) 

E: Good, let us start with the giraffes. Can you tell me 
what  th e ancestor s o f  th e giraffe s were ? 
C:  O h !  I  hav e forgotte n wha t  the y ar e called .  I t  i s  a 
dinosau r  giraff e wit h a  difficul t  name . 
E:  Ca n yo u tr y an d remembe r  th e name ? 
C:  No .  Bu t  I  woul d kno w i f  I  wen t  t o th e museum .  The y 
hav e dinosau r  bone s ther e wit h al l  th e names . 

4. Unimportant phenomena. Essentialist children treat 
certai n phenomen a a s unimportan t  an d "unworthy "  o f 
explanation .  Fo r  exampl e the y regar d intra-specie s 
variatio n a s a n unimportan t  phenomenon .  Thi s i s 
illustrate d i n th e protoco l  excerp t  give n below . 

Roel (Age 12 years) 

E: Why do people have different color of eyes? For 
exampl e wh y d o som e peopl e hav e blu e eye s an d other s 
gree n o r  brow n eyes ? 
C:  Why ? I t  does n ' t  mak e an y difference !  Besides ,  i t  woul d 
be prett y dul l  i f  everyon e ha d th e sam e eye s wouldn' t  it ? 
E:  I s tha t  wh y yo u thin k w e hav e differen t  color s o f  eyes , 
t o mak e thing s mor e interesting ? 
C:  N o w e jus t  do .  Colo r  o f  eye s i s no t  important . 

Evolutionary frameworks 

First questions. All three children with evolutionary 
frameworks  als o responde d t o question s abou t  th e 
beginning s o f  lif e a s question s tha t  wer e beyon d th e scop e 
of  biologica l  theory .  A n exampl e i s give n below . 

Sabine (Age 10 years) 

E: Remember you told me that the first animals to come 
int o bein g wer e tin y se a creatures ? Wel l  ho w di d thes e 
first  tin y creature s com e int o existence ? 
C:  Yes ,  tha t  i s  a  ver y goo d question .  Bu t  I  don' t  thin k 
anyon e ca n answe r  it .  W e can' t  find  ou t  abou t  th e ver y 
beginning . 
E:  Wh y not ? 
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C.  Becaus e ther e i s nothin g on e ca n stud y befor e lif e 
begins ,  ther e ar e n o fossil s o r  anything . 

In this context it is interesting to note that 91% of the 
childre n w h o k n e w o f  extinctio n justifie d thi s knowledg e 
wit h referenc e t o th e fossi l  record .  Thus ,  th e childre n 
certainl y understoo d th e rol e o f  empirica l  evidenc e i n 
supportin g belie f  A n exampl e o f  thi s ca n b e see n from  th e 
protoco l  excerp t  o f  a n essentialis t  chil d below . 

Marieke (Age 8 years) 

E: How can we know that there used to be animals earlier 
tha t  ar e no t  ther e today ? 
C:  Throug h fossil s an d foo t  print s an d track s tha t  hav e 
bee n found . 
E:  Suppos e yo u ha d a  friend  tha t  di d no t  believ e tha t  ther e 
use d t o b e animal s tha t  n o longe r  exist .  H o w woul d yo u 
wi n thi s frien d ove r  t o you r  poin t  o f  view ? 
C:  I  woul d sho w hi m th e fossil s o f  thes e animal s an d sho w 
hi m h o w ol d the y wer e an d explai n i t  all . 

Like the essentialist children, those with evolutionary 
frameworks  als o gav e "cuttin g edg e problem "  response s o n 
occasion .  Th e followin g excerp t  from  th e protoco l  o f  a  bo y 
discussin g th e origin s o f  m a n illustrate s thi s typ e o f 
response . 

Jacques (Age 10 years) 

C: Our closest ancestor was a kind of ape but it was not a 
gorill a o r  somethin g lik e that .  Expert s hav e foun d differen t 
bone s i n th e Middl e Eas t  an d Africa .  S o m e thin k w e com e 
from  th e Neanderthal s bu t  other s thin k from a  differen t 
kin d o f  ape .  I t  i s  difficul t  bu t  expert s ar e studyin g thes e 
thing s n o w t o fin d ou t  th e entir e lin e from  th e beginning . 

Children with evolutionary frameworks also gave 
"persona l  ignorance "  an d "unimportan t  phenomena " 
response s tha t  wer e ver y simila r  t o thos e describe d fo r 
childre n wit h essentialis t  frameworks  above . 

Th e 3  childre n wit h creationis t  frameworks  onl y gav e 
"persona l  ignorance "  response s wdiic h wer e ver y simila r  t o 
thos e o f  essentialis t  an d evolutionar y childre n describe d 
above .  I t  i s  possibl e tha t  th e mechanis m o f  creatio n i n 
accordanc e wit h a  divin e pla n o r  purpos e remove s an y 
limitation s o n th e scop e o f  th e explanator y framework  fo r 
creationists ,  thereb y precludin g othe r  type s o f  epistemi c 
distinction s i n thi s domain . 

General Implications 

Our results show that about two thirds of the children tested 
use d comple x epistemi c construct s tha t  allowe d the m t o 
differentiat e betwee n thei r  persona l  knowledg e an d publi c 
knowledge ,  an d betwee n biologica l  phenomen a an d 
problem s tha t  wer e eithe r  withi n o r  beyon d th e explanator y 
bound s o f  biologica l  theory .  Embedde d i n th e children' s 
theorie s ar e notion s abou t  th e relativ e importanc e o f 
phenomen a o r  observation s an d abou t  question s tha t  ca n b e 
informe d b y empirica l  evidence .  T h e epistemi c construct s 
bia s childre n toward s interestin g an d awa y from 

uninterestin g phenomen a The y serv e t o direc t  children' s 
menta l  effort s toward s question s tha t  ar e potentiall y 
solvabl e an d awa y fro m thos e tha t  offe r  n o prospec t  o f  a n 
empirica l  solution . 

We believ e thes e findings  ar e significan t  i n th e ligh t  o f 
recen t  question s raise d b y severa l  researcher s (diSessa , 
1988 ;  Keil ,  1989 ;  Kuhn ,  1989 )  abou t  th e epistemi c statu s o f 
naiv e theories .  Kei l  (1989 )  ha s propose d tha t  a  naiv e 
theor y i s a n explanator y framewor k whic h provide s a t  leas t 
partia l  explanation s fo r  phenomen a tha t  ar e recognize d a s 
important .  B y thi s definition ,  childre n i n th e curren t  stud y 
certainl y hav e naiv e theorie s o f  speciation .  Thes e theorie s 
fiinction  a s explanator y frameworks  fo r  a  variet y o f 
biologica l  phenomena .  Embedde d i n th e explanator y 
framework s ar e concept s abou t  th e natur e o f  species ,  th e 
functio n o f  species-specifi c  properties ,  th e competitio n 
a m o ng specie s fo r  scarc e environmenta l  resources ,  factor s 
tha t  determin e th e surviva l  an d extinctio n o f  species ,  an d 
th e kind s o f  transformation s tha t  ar e biologicall y possibl e 
withi n o r  acros s specie s boundaries .  However ,  children' s 
explanator y frameworks  ar e mor e tha n collection s o f 
mutuall y compatibl e biologica l  concepts .  Th e frameworks 
als o contai n epistemi c construct s tha t  provid e childre n wit h 
a wa y o f  selectin g importan t  phenomen a an d problem s fo r 
consideratio n an d wit h a  wa y o f  establishin g th e 
explanator y boundarie s o f  th e frameworks. 

T h e result s o f  thi s stud y suppor t  th e positio n o f 
researcher s suc h a s Care y (1985 )  an d Brewe r  an d 
Samarapungava n (1991 )  tha t  th e difference s i n th e 
conceptua l  conten t  an d explanator y scop e o f  children' s 
theorie s an d exper t  (adult )  theorie s d o no t  appea r  t o b e th e 
resul t  o f  difference s i n th e underlyin g reasonin g processe s 
availabl e t o childre n an d adults .  The y als o suppor t  Carey' s 
(1991 )  argumen t  tha t  children' s naiv e explanator y 
frameworks  ar e ofte n incommensurat e wit h thos e o f  adult s 
an d /  o r  expert s i n m u c h th e sam e wa y a s olde r  theorie s i n 
th e histor y o f  scienc e ar e though t  t o b e incommensurat e 
wit h thei r  successo r  theorie s (Kuhn ,  1977) .  Consequently , 
acquirin g th e exper t  framework  require s mor e tha n th e 
enrichmen t  o f  naiv e concepts .  I t  require s th e conceptua l 
restructurin g o f  th e naiv e framework.  I n orde r  t o accep t 
curren t  scientifi c  account s o f  evolution ,  childre n woul d 
hav e t o chang e thei r  epistemologica l  commitment s t o th e 
phenomen a an d problem s tha t  ar e t o b e explaine d a s wel l 
as restructurin g thei r  biologica l  concepts .  I n thi s context ,  i t 
i s  interestin g t o not e tha t  childre n lik e scientist s believ e 
tha t  th e kind s o f  question s tha t  theorie s shoul d addres s ar e 
thos e tha t  ca n a t  leas t  potentiall y  b e empiricall y informed . 
T h e reaso n tha t  mos t  childre n i n ou r  stucf y gav e fo r  treatin g 
question s abou t  th e origin s o f  lif e a s philosophica l  first 
question s wa s precisel y tha t  thes e question s coul d no t  (i n 
thei r  view )  b e empiricall y informed . 

Chi  (1992 )  suggest s tha t  th e mos t  difBcul t  kind s o f 
conceptua l  restructurin g ar e thos e whic h requir e 
ontologica l  shifts .  T h e mov e from  a n essentialis t  biologica l 
framework  t o a n evolutionar y on e require s jus t  suc h a  shif t 
from  a  worl d i n whic h ontologica l  categorie s ar e stati c an d 
eterna l  t o on e i n whic h n e w categorie s m a y evolve .  Ou r 
researc h provide s a  potentia l  explanatio n fo r  th e know n 
difficult y (Cloug h &  Wood-Robinson ,  1985 ; 
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Samar^ungava n &  Milikowski ,  1992 )  tha t  adolescent s an d 
la y adult s hav e wit h understandin g neo-Darwinia n theorie s 
of  evolutio n W e propos e tha t  tw o biase s combin e t o creat e 
a predispositio n toward s Lamarckia n rathe r  tha n neo -
Darwinia n explanation s o f  evolutio n a s childre n begi n t o 
restructur e thei r  naiv e essentialis t  frameworks.  Th e first  i s 
th e essentialis t  bia s toward s treatin g natura l  variatio n a s a n 
unimportan t  phenomenon .  Th e secon d i s th e essentialis t 
bia s toward s identifyin g th e fiinctiona l  valu e o f  know n 
physica l  an d behaviora l  characteristic s o f  specie s i n a n 
attemp t  t o explai n th e surviva l  o r  extinctio n o f  specie s 
population s i n a  changin g environment .  Ou r  researc h 
woul d sugges t  tha t  i n orde r  t o b e acquir e a  neo-Darwinia n 
pomt  o f  view ,  childre n woul d nee d t o b e persuade d tha t 
question s abou t  th e origin s o f  lif e o n eart h ca n b e 
empiricall y addresse d an d th e phenomeno n o f  natura l 
variatio n i s centra l  t o m o d e m evolutionar y appioaches . 

Conclusions 

Our results demonstrate that at least on some levels, 
elementar y schoo l  childre n ca n thin k abou t  a s wel l  a s wit h 
theorie s eve n befor e the y hav e an y systemati c schoolin g i n 
th e publi c institutio n o f  science .  Thi s researc h leave s 
importan t  question s abou t  h o w an d v^e n childre n begi n t o 
acquir e epistemi c construct s o f  th e kin d describe d her e 
unanswered .  However ,  th e spontaneou s us e o f  suc h 
epistemi c distinction s b y elementar y schoo l  childre n doe s 
indicat e earlie r  competenc e wit h regar d t o th e 
metacognitiv e regulatio n o f  explanator y frameworks  tha n i s 
generall y supposed . 
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