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Abst rac t 

Students '  naiv e conception s o f  natura l  phenomen a hav e bee n 
analogize d t o scientifi c  theories .  Thi s theor y vie w doe s no t 
accoun t  fo r  th e instabilit y an d inconsistenc y o f  students ' 
explanations .  A n alternativ e i s th e schem a vie w accordin g t o 
whic h student s construc t  explanation s b y instantiatin g 
explanator y pattern s acquire d i n previou s learning .  I n tw o 
previou s studie s eigh t  explanator y schema s fo r  evolutionar y 
chang e wer e identifie d throug h conten t  analysi s o f  students ' 
explanations .  I t  wa s hypothesize d tha t  i f  th e schema s hav e 
cognitiv e reality ,  dat a fro m explanatio n task s ough t  b e 
consisten t  wit h dat a fro m recognitio n tasks .  I n thi s stud y 
student s wer e aske d t o sor t  2 4 explanation s tha t  exemplifie d 
th e eigh t  differen t  schema s i n thre e differen t  ways .  A 
hierarchica l  cluste r  analysi s show s tha t  hal f  o f  th e student s 
recognize d five  schema s an d merge d th e remainin g one s int o 
one broade r  explanator y pattem ,  givin g partia l  suppor t  fo r  th e 
schema view .  ImpHcation s o f  th e schem a vie w fo r  th e 
learnin g o f  scientifi c  idea s ar e discussed . 

Students'  Explanatory Schemas 

Students '  belief s abou t  comple x phenomen a i n domain s 
suc h a s physics ,  astronom y an d biolog y hav e bee n analo -
gize d t o scientifi c  theories .  Albei t  som e novic e representa -
tion s d o resembl e theorie s i n th e histor y o f  scienc e 
(McCloske y &  Kargon ,  1988) ,  th e adequac y o f  th e scientifi c 
theory/naiv e belie f  analog y remain s a  subjec t  o f  debat e i n 
developmenta l  an d cognitiv e psycholog y (Kuhn ,  1989) .  A 
proble m fo r  th e theor y view ,  whic h underlie s mos t  studie s 
of  misconceptions ,  i s  tha t  students '  explanations ,  unlik e 
thei r  scientifi c  counterparts ,  ar e no t  stabl e ove r  tim e an d lac k 
interna l  consistenc y (diSessa ,  1988) . 

An alternativ e t o th e theor y vie w i s  th e schem a vie w 
(Brewe r  &  Nakamura ,  1984 ;  Leake ,  1992 ;  Ohisson ,  1993 ; 
Schank ,  1986 ;  Schank ,  Kas s &  Riesbeck ,  1994) .  Th e latte r 
implie s tha t  students '  prio r  knowledg e shoul d b e conceptual -
ize d a s a  repertoir e o f  explanator y pattern s o r  schema s con -
structe d i n th e cours e o f  everyda y learnin g an d prio r  educa -
tiona l  experience .  Explanation s ar e generate d b y instantiat -
in g a  schem a vis-a-vi s a  targe t  even t  an d replacin g slot s wit h 
referentia l  expressions .  Unlik e propositiona l  beliefs ,  whic h 
carr y trut h values ,  a  schem a tha t  doe s no t  fi t  a  give n situa -
tio n i s no t  rejected ,  simpl y no t  activated .  A n existin g 
schema ca n als o b e modifie d ("tweaked" ,  Schank ,  1986 )  t o 
fi t  a  nove l  situation ,  an d indexe d i n m e m o r y a s a  n e w 

knowledg e structure .  However ,  th e schem a initiall y  retrieve d 
i s no t  delete d fro m memory . 

Explanator y schema s emphasiz e th e instrumenta l  rol e o f 
knowledg e structure s rathe r  tha n thei r  veridica l  status . 
Furthermore ,  a  schem a repertoir e i s  no t  a  belie f  system , 
naiv e o r  otherwise .  T w o o r  mor e alternativ e schema s ca n co -
exis t  i n m e m o r y withou t  contradictin g eac h othe r  i n th e log -
ica l  sense .  Hence ,  n o coherenc e demand s ar e impose d upo n 
th e menta l  representation ,  an d th e questio n abou t  th e consis -
tenc y o f  students '  menta l  model s i s consequentl y de-empha -
sized . 

I n previou s studie s w e aske d student s t o explai n instance s 
of  evolutionar y chang e (Ohisson ,  1991 ;  Ohisso n &  Bee , 
1992 ,  1993) .  Althoug h th e student s produce d explanation s 
tha t  includ e idea s simila r  t o som e theorie s i n th e histor y o f 
biology ,  th e instabilit y  an d inconsistency ,  acros s an d withi n 
tasks ,  o f  thei r  account s sugges t  tha t  th e conten t  o f  thei r  ex -
planation s ar e no t  expression s o f  stabl e belief s abou t  evolu -
tionar y change .  Eigh t  explanator y pattern s wer e identifie d i n 
students '  explanation s throug h conten t  analysis :  intentiona l 
creation ,  mutation ,  crossbreeding ,  stati c selection ,  dissemi -
nation ,  cognition ,  training ,  an d need s an d advantages . 

The intentiona l  creatio n schem a reject s th e ver y occurrenc e 
of  evolutionar y chang e an d therefor e bypasse s an y explana -
tio n o f  it s underlyin g mechanisms .  Thi s schem a relie s o n 
th e purposiv e actio n o f  som e agen t  w h o create d th e differen t 
species .  Th e stati c selectio n schem a explain s adaptation s vi a 
natura l  selection ,  bu t  withou t  gradualism ;  th e selectio n hap -
pen s withi n a  singl e generatio n (henc e it s stati c  nature) . 
Thi s schem a doe s no t  accoun t  fo r  th e sourc e o f  intra-specie s 
variation ,  no r  doe s i t  specif y th e relatio n betwee n selectiv e 
processe s an d change s i n reproductio n rates .  Accordin g t o th e 
crossbreedin g schema ,  n e w specie s aris e fro m a  crossin g be -
twee n organism s wit h differen t  traits .  Thi s schem a doe s no t 
rul e ou t  th e possibilit y  o f  inter-specie s breeding ,  no r  doe s i t 
constrai n th e kin d o f  change s likel y t o occu r  throug h intra -
specie s crossbreeding .  T h e mutatio n schem a postulate s a 
sudde n geneti c chang e tha t  bring s t o existence  comple x 
anatomica l  features ,  whil e th e disseminatio n schem a postu -
late s a n unexplaine d appearanc e o f  a n adaptatio n i n on e o r 
mor e member s o f  th e species ,  followe d b y th e sprea d o f  tha t 
adaptatio n throughou t  th e entir e population .  Th e need s an d 
advantage s schem a explain s adaptation s a s th e direc t  resul t  o f 
an organism' s need s t o mee t  th e demand s o f  th e environ -
ment ,  withou t  explicatin g th e mechanism s underlyin g th e 
emergenc e o f  n e w traits .  Accordin g t o th e cognitio n schema , 
adaptation s ar e th e outcom e o f  cognitiv e processe s suc h a s 
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decision ,  discover y an d learning .  Finally ,  th e trainin g 
schem a embodie s th e ide a tha t  a n adaptatio n appear s a s a 
consequenc e o f  a n animal' s repetitiv e behavior . 

As thi s repertoir e demonstrates ,  student s d o no t  hav e on e 
majo r  misconceptio n (e.g. ,  Lamarkianism )  abou t  evolutio n 
but  a  variet y o f  schema s fo r  explainin g biologica l  change . 
Variabilit y  exist s withi n a s wel l  a s betwee n students .  Thi s 
repertoir e o f  schema s i s no t  a  classificatio n o f  student s be -
caus e individua l  student s typicall y us e mor e tha n on e 
schema .  Withi n th e students '  conceptio n o f  evolution ,  thes e 
schema s satisf y differen t  explanator y goals ;  the y accoun t  fo r 
th e sourc e o f  chang e (e.g. ,  geneti c mutations ,  creation) ,  th e 
mechanis m o f  chang e (e.g. ,  selection ,  breeding ,  purposiv e 
actions ,  needs) ,  o r  th e typ e o f  chang e (e.g. ,  gradual ,  sudden) . 

O ne o f  th e centra l  assumption s o f  schem a theor y i s tha t 
schema s ar e use d bot h generativel y an d interpretatively ,  i.e. , 
bot h t o produc e discours e an d t o comprehen d discours e 
(Brewe r  &  Nakamura ,  1984) .  I f  explanator y schema s d o hav e 
psychologica l  reality ,  an d subject s hav e learne d the m well , 
the n dat a fro m productio n task s shoul d b e consisten t  wit h 
dat a fro m recognitio n tasks .  Thi s i s th e rational e behin d th e 
us e o f  sortin g task s t o asses s cognitiv e representation s 
(Benysh ,  Koubek ,  &  Calvez ,  1993 ;  Chi ,  Feltovich ,  & 
Glaser ,  1981) . 

Th e purpos e o f  thi s stud y wa s t o gathe r  evidenc e t o sup -
por t  th e psychologica l  realit y o f  th e eigh t  explanator y pat -
tern s mentione d above ,  a s a  ste p towar d understandin g h o w 
explanation s o f  comple x phenomen a ar e generated .  W e aske d 
student s t o sor t  evolutionar y explanation s int o categorie s o n 
th e basi s o f  similarities .  Eac h o f  th e eigh t  explanator y pat -
tern s mentione d abov e wa s instantiate d fo r  thre e differen t 
species .  Thus ,  th e 2 4 explanation s wer e classifiabl e i n tw o 
ways :  First ,  accordin g t o explanator y patterns ,  i n whic h cas e 
we woul d expec t  student s t o sor t  th e explanation s int o eigh t 
categorie s wit h thre e explanation s i n each .  Second ,  accordin g 
t o species ,  i n whic h cas e w e woul d expec t  student s t o sor t 
th e explanation s int o thre e categorie s wit h eigh t  explana -
tion s i n each .  I f  student s di d no t  sor t  th e explanation s o n th e 
basi s o f  eithe r  pattern s o r  species ,  the n th e patter n o f  thei r 
grouping s woul d deviat e fro m eithe r  o f  thes e tw o idea l  pat -
terns . 

Metho d 

Subjects 

Forty-nin e first-year  undergraduat e student s wer e recruite d fo r 
thi s study .  Students '  prio r  knowledg e o f  evolutionar y biol -
og y wa s assesse d b y askin g the m t o summariz e Darwin' s 
theory .  Dat a fro m th e summar y tas k ar e reporte d elsewher e 
(Larreamendy-Joern s &  Ohlsson ,  1994) .  Student s showe d 
littl e o r  n o understandin g o f  th e Darwinia n theor y o f  evolu -
tion . 

Materials and Procedure 

Student s wer e instructe d t o sor t  2 4 evolutionar y explana -
tion s int o pile s o n th e basi s o f  similaritie s an d t o writ e 
d o wn th e reason s fo r  thei r  grouping .  Th e 2 4 explanation s 
instantiate d schema s tha t  wer e extracte d i n th e tw o prio r 
studie s (Ohlsson ,  1991 ;  Ohlsso n &  Bee ,  1992) . 

I n th e presen t  study ,  th e eigh t  explanator y schema s (i.e. , 
need s &  advantages ,  mutation ,  crossbreeding ,  dissemination , 
training ,  cognition ,  stati c selection ,  an d intentiona l  creation ) 
wer e instantiate d thre e times :  on e fo r  dinosaurs '  size ,  on e fo r 
tigers '  stripes ,  an d on e fo r  birds '  wings .  Th e explanation s 
wer e edite d t o contro l  fo r  wor d familiarit y an d length .  Eac h 
explanatio n wa s presente d o n a n individua l  card .  Tabl e 1 
shows thre e examples . 

Results 

Th e dat a wer e analyze d wit h th e purpos e o f  decidin g whethe r 
student s sorte d th e explanation s o n th e basi s o f  explanator y 
patterns ,  specie s o r  somethin g else .  Categor y siz e range d 
fro m 2  t o 1 2 explanatio n card s (mea n =  6 ,  S D =  2.09) .  Th e 
frequenc y distributio n o f  numbe r  o f  explanatio n card s pe r 
groupin g suggest s tha t  neithe r  specie s alone ,  no r  explana -
tor y pattern s alon e wer e th e criteri a guidin g mos t  students ' 
sorts . 

Tabl e 1 :  Dinosau r  explanation s base d o n th e schema s o f  need s &  advantages ,  mutation ,  an d stati c selectio n 

Schema Explanatio n 

Needs & 
advantage s 

Durin g th e Jurassi c period ,  fern s an d tree s wer e extremel y larg e an d tall ,  an d th e groun d wa s fre -
quend y flooded .  Ther e wer e fe w plant s o n groun d level .  Dinosaur s ha d t o reac h foo d hig h u p o r  i n dif -
ficult-to-reac h places ,  s o the y becam e large r  t o adap t  an d survive . 

Mutatio n Million s o f  year s ag o ther e wer e onl y smal l  dinosaurs .  Thes e dinosaur s wer e dyin g becaus e the y 
couldn' t  protec t  themselve s agains t  larg e predators .  Then ,  a  mutatio n occurre d an d larg e siz e dinosaur s 
evolved .  Thi s mutatio n wa s highl y favorabl e fo r  survival . 

Stati c Selectio n Eac h specie s ha s differen t  characteristics .  Accordingly ,  som e dinosaur s wer e bigge r  tha n others ,  som e 
wer e smaller ,  som e ha d lon g necks ,  an d other s ha d shor t  necks .  Eventually ,  th e shorte r  one s perishe d 
becaus e the y couldn' t  adap t  t o th e environment ,  leavin g onl y th e large r  dinosaur s abl e t o survive . 
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ĉ  
3 S' 
o 
3 

H 
O 
p; 
c« y 
^. 

H 
;< 
c 
fei o' 
3 

t33 a 

c 

o 

O 
n 

o 
3 

S S ^ 

o 
3 

o 
3 

3 
5' 
3 

rt 
^ O 
3 

O 
3 

Figur e 1 :  D e n d r o g r a m fo r  al l  subject s ( N =  4 9 ) 

F r o m a  tota l  o f  2 9 2 categorie s fo rme d b y al l  4 9 subject s 
4 9 grouping s (16 .8% )  we r e exactl y i n accordanc e wit h on e 
of  th e eigh t  explanator y patterns .  T h e remainin g 2 4 3 group -
ing s wer e forme d eithe r  b y explanation s pertainin g t o a  sin -
gl e specie s ( 3 . 4 % ) ,  o r  b y a  combinatio n o f  explanatio n card s 
fro m differen t  explanator y pattern s an d specie s (79 .8%) . 

T o ge t  a  m o r e fine-grained  pictur e o f  th e sorts ,  th e dat a 
wer e transforme d int o individua l  co-occurrenc e matrice s an d 
analyze d usin g th e S S P S 4. 1 Hierarchica l  Cluste r  Analysi s 
Program' s singl e linkag e m e t h o d (neares t  neighbor) .  A 
whole-sampl e matri x w a s constructe d b y addin g al l  4 9 indi -
vidua l  matrices .  Figur e 1  s h o w s th e dendrogra m fo r  thi s m a -
tri x (explanatio n card s ar e identifie d b y a  capita l  lette r  refer -
rin g t o th e species ,  an d th e n a m e o f  th e explanator y schema . 
Lette r  D  stand s fo r  dinosaurs ;  lette r  T  fo r  tigers ;  and ,  lette r  B 
fo r  birds) . 

T h e dendrogra m s h o w s th e explanatio n card s collapse d 
int o tw o majo r  higher-leve l  nodes :  th e creatio n s c h e m a (a t 
th e righ t  han d edg e i n th e figure),  an d a  large ,  comp le x nod e 
comprisin g th e remainin g 2 1 explanations .  Albei t  no t  al l 
subject s recognize d it ,  th e creatio n s c h e m a w a s th e mos t 
salien t  typ e o f  explanation s fo r  th e tota l  sample .  T h e nod e 
comprisin g th e 2 1 remainin g explanation s branche s ou t  int o 
tw o majo r  nodes .  T h e first  on e i s th e stati c selectio n s c h e m a 
whic h w a s almos t  a s salien t  a s th e creatio n s c h e m a (th e sec -
on d grou p o f  thre e f ro m th e right) .  T h e secon d nod e c o m -
prise s th e remainin g 1 8 explanation s wh i c h tende d t o b e 
clustere d o n th e basi s o f  specie s similarities .  H o w e v e r , 
withi n eac h specie s ther e w a s a  hig h co-occurrenc e a m o n g 
training ,  cognition ,  an d need s &  advantage s explanations . 
Mutatio n explanation s we r e no t  see n a s simila r  eithe r  t o 
othe r  type s o f  explanations ,  no r  t o eac h other . 

T o investigat e whethe r  ther e wer e subgroup s o f  student s 
withi n th e tota l  sampl e w h o sorte d accordin g t o differen t  cri -
teria ,  th e w h o l e samp l e w a s spli t  int o thre e group s i n th e 
followin g w a y .  E a c h subjec t  w a s assigne d t o on e o f  th e fol -
lowin g groups :  (a )  thos e w h o s e sortin g action s (i.e. ,  as -
signmen t  o f  a n explanatio n car d t o a  category )  we r e m o s d y 
base d o n specie s similarities ;  (b )  thos e w h o s e sortin g ac -
tion s wer e mostl y base d o n similaritie s be twee n explanator y 
patterns ;  an d (c )  thos e w h o s e sortin g action s w e r e no t  pre -
dominantl y base d o n specie s similarities ,  o r  s c h e m a similar-
ities .  T o assig n subject s t o groups ,  eac h co-occurrenc e fre -
quenc y i n th e individua l  matrice s w a s classifie d int o on e o f 
th e followin g categories :  (a )  co-occurrenc e betwee n explana -
tion s o f  th e s a m e species ;  (b )  co-occurrenc e betwee n expla -
nation s o f  th e s a m e pattern ;  an d (c )  co-occurrenc e be twee n 
explanation s o f  differen t  s c h e m a an d differen t  species .  T h e 
proportio n pe r  subjec t  fo r  eac h o f  thes e categorie s w a s c o m -
pute d an d eac h subjec t  assigne d t o on e o f  thre e group s base d 
o n his/he r  greates t  proportion .  Fo r  eac h grou p a  co-occur -
renc e matri x w a s constructe d an d a  cluste r  analysi s per -
formed .  Sinc e th e cluste r  analyse s o f  schema-oriente d sub -
ject s an d combined-criteri a subject s yielde d simila r  results , 
thos e t w o group s wer e me rge d an d th e analysi s repeate d fo r 
th e merge d group . 

Figur e 2  s h o w s th e dend rog ra m fo r  th e cluste r  analysi s 
performe d o n th e co-occurrenc e matri x fo r  th e twenty-si x 
subject s w h o s e sortin g action s wer e mainl y schema-oriented . 
Lik e th e whole-sampl e dendrogram ,  thi s dendrogra m s h o w s 
th e explanatio n card s collapse d int o t w o majo r  nodes .  First , 
th e creatio n s c h e m a (a t  th e leftmos t  sid e o f  th e figure) . 
Second ,  a  higher-leve l  nod e comprisin g fou r  clearl y differen -
tiate d schema s (i.e. ,  mutation ,  crossbreeding ,  selection ,  an d 
dissemination) ,  an d a  rathe r  undifferentiate d cluste r  forme d 
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Figur e 2 :  Dendrogra m fo r  schema-oriente d subject s ( N =  26 ) 

by needs ,  trainin g an d cognitio n explanations .  I n short ,  thi s 
analysi s indicate s tha t  thes e student s wer e abl e t o recogniz e 
fiv e schemas :  creation ,  mutation ,  crossbreeding ,  dissemina -
tio n an d stati c selectio n (se e group s a t  th e lef t  edg e i n th e 
figure).  Th e clusterin g o f  needs ,  trainin g an d cognitio n ex -
planation s int o a  singl e nod e i s consisten t  wit h th e co-occur -
rence s observe d i n th e whole-sampl e cluste r  analysis . 

Figur e 3  show s th e dendrogra m fo r  th e cluste r  analysi s 
performe d o n th e co-occurrenc e matri x fo r  twenty-thre e stu -
dent s whos e sortin g action s wer e mainl y guide d b y specie s 
similarities .  Thi s dendrogra m consist s o f  tw o majo r  clusters . 
Th e first  on e comprise s ai l  tige r  explanations ,  an d stand s 
apar t  i n th e dendrogra m (se e th e cluste r  t o th e righ t  i n th e 
figure).  Th e othe r  cluste r  branche s ou t  int o tw o nodes ,  on e 
of  the m groupin g al l  dinosau r  explanations ,  an d th e othe r  al l 
bir d explanations .  Althoug h n o singl e explanator y patter n 
was full y recognize d b y thi s grou p o f  students ,  th e dendro -
gra m show s th e thre e creatio n explanation s standin g rela -
tivel y apar t  withi n thei r  respectiv e specie s clusters ,  whic h 
suggest s tha t  som e student s sorte d togethe r  thi s typ e o f  ex -
planations . 

Discussion 

Th e sortin g dat a provide s mixe d evidenc e fo r  th e hypothe -
size d explanator y patterns .  Onl y on e subjec t  produce d a  sor t 
tha t  wa s exactl y i n accordanc e wit h al l  eigh t  patterns . 
However ,  i f  w e loo k a t  th e sampl e a s a  whole ,  th e student s 
recognize d th e creatio n schem a wit h relativ e ease .  Thi s 
schema wa s clearl y isolate d i n tw o o f  th e thre e cluste r  analy -
ses .  Althoug h les s salient ,  th e explanator y schema s o f  selec -
tion ,  crossbreeding ,  mutation ,  an d disseminatio n wer e als o 

recognized .  Explanation s base d o n th e schema s o f  cognition , 
training ,  an d need s wer e systematicall y collapse d int o a  sin -
gl e explanator y category .  Thi s co-occurrenc e occurre d bot h 
acros s specie s an d withi n species . 

Thes e result s sugges t  tha t  som e o f  th e schema s tha t  w e 
initiall y  attribute d t o student s wer e to o fine-grained.  I n par -
ticular ,  a  broade r  pattern ,  comprisin g training ,  cognition , 
and need s explanation s conform s bette r  t o th e students '  ide a 
tha t  th e environmen t  pose s demand s o f  variou s sort s an d or -
ganism s respon d b y changin g i n suc h a  wa y a s t o dea l  wit h 
thos e demands . 

Th e result s sho w tha t  pattern s tha t  emerg e i n conten t 
analyse s an d think-alou d protocol s ma y o r  m a y no t  corre -
spon d t o actua l  knowledg e structure s i n students '  memory . 
Hypothese s draw n fro m discours e analyse s shoul d b e vali -
date d agains t  additiona l  data .  I n particular ,  menta l  models , 
misconceptions ,  an d explanator y pattern s derive d fro m pro -
ductio n task s shoul d b e checke d agains t  dat a fro m recogni -
tio n tasks . 

Give n tha t  ther e i s partia l  evidenc e fo r  som e explanator y 
patterns ,  a  numbe r  o f  issue s nee d t o b e addresse d i n futur e 
research .  First ,  on-lin e dat a shoul d b e collecte d t o determin e 
h o w student s us e thes e explanator y patterns .  Followin g 
Schan k an d co-worker s (Leake ,  1992 ;  Schank ,  1986 ; 
Schank ,  Kass ,  &  Reisbeck ,  1994) ,  w e sugges t  tha t  th e pro -
ductio n o f  evolutionar y explanation s b y student s involve s 
thre e majo r  cognitiv e processes :  schem a retrieval ,  schem a 
instantiation ,  an d explanatio n evaluation .  Retrieva l  pro -
cesse s ar e particularl y importan t  becaus e th e activatio n o f 
on e o r  mor e pattern s i s a  functio n o f  th e degre e t o whic h 
bot h a  subject' s representatio n o f  evolutio n an d his/he r  ex -
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Figur e 3 :  Dendrogra m fo r  species-oriente d subject s ( N =  23 ) 

planator y goal s matc h th e wa y explanatio n pattern s ar e in -
dexe d i n memory . 

For  example ,  th e co-occurrenc e o f  pattern s i n som e expla -
nation s reveal s th e students '  attemp t  t o construc t  explana -
tion s involvin g multipl e explanator y goals .  Thus ,  a  subjec t 
who claim s tha t  dinosaur s becam e giganti c becaus e the y 
neede d t o adap t  an d the n a  singl e mutatio n occurred ,  i s  focus -
in g o n th e sourc e o f  chang e (explanator y goa l  1) ,  a s wel l  a s 
on th e mechanis m o f  chang e (explanator y goa l  2) .  Th e co -
occurrenc e o f  contradictor y explanator y pattern s withi n on e 
and sam e explanatio n ca n b e attribute d t o th e absenc e o f  co -
herenc e revisio n durin g th e evaluatio n phas e o f  th e explana -
tor y process ,  o r  t o th e lac k o f  domain-specifi c  knowledg e 
tha t  ma y constrai n th e retrieva l  o f  certai n schema s i n th e 
ligh t  o f  specifi c  explanator y goal s (e.g. ,  us e o f  creatio n an d 
crossbreedin g schema s t o explai n evolutionar y change) . 

A secon d questio n i s ho w th e correc t  explanatio n patter n 
i s acquired .  Th e schem a vie w implie s thre e learnin g pro -
cesse s tha t  w e refe r  t o a s relevanc e determination ,  concep t 
differentiation ,  an d coordination .  First ,  student s ente r  a  sci -
enc e cours e wit h a  vas t  repertoir e o f  schema s acquire d i n ev -
eryda y experienc e a s wel l  a s previou s study .  Th e majorit y o f 
thos e schema s ar e irrelevan t  rathe r  tha n incorrect .  Th e stu -
dent s canno t  kno w i n advanc e whic h schema s ar e relevan t  fo r 
th e intellectua l  gam e the y ar e abou t  t o learn .  Hence , 
schemas wil l  b e activate d wit h a  probabilit y  tha t  i s  som e 
functio n o f  thei r  pas t  usefulness .  I n th e cours e o f  learning , 
student s hav e t o discove r  whic h o f  th e activate d schema s 
constitut e vali d move s i n th e intellectua l  gam e the y ar e try -
in g t o master .  Th e first  ste p i n learnin g i s therefor e t o roun d 
up th e relevan t  component s o f  prio r  knowledge . 

Second ,  th e schem a repertoir e suggest s tha t  learnin g re -
quire s explicatio n o f  wha t  Care y (1992 )  call s undifferentiate d 
categories .  Th e concep t  o f  undifferentiate d categorie s i s wel l 
illustrate d b y th e trainin g schema .  Th e ke y featur e o f  thi s 
schema i s th e lac k o f  distinctio n betwee n phenotypi c 
change s -ontogeny ,  maturation ,  seasona l  variations ,  aging , 
effect s o f  athleti c training — an d evolutionar y changes . 
Becaus e man y phenotypi c change s ar e drive n b y activity ,  s o 
i s evolution .  Withou t  a  clea r  distinctio n betwee n acquire d 
and inherite d traits ,  th e contras t  betwee n Lamarckianis m an d 
Darwinis m tha t  open s mos t  textboo k chapter s o n evolution -
ar y theor y canno t  b e understood .  Correc t  understandin g o f 
th e theor y o f  evolutio n presuppose s tha t  biologica l  cate -
gorie s ar e differentiate d wel l  beyon d th e leve l  o f  semanti c 
precisio n tha t  i s  typica l  o f  c o m m o n sens e discourse . 

Third ,  students '  explanation s ar e typicall y simple r  tha n 
Darwinia n explanations .  Wher e student s ten d t o appea l  eithe r 
t o mutation s o r  th e environmen t  o r  selectio n o r  dissemina -
tion ,  a n exper t  explanatio n intertwine s thes e idea s int o a 
mor e comple x menta l  mode l  o f  evolution .  Hence ,  th e 
schema hypothesi s implie s tha t  on e fundamenta l  dimensio n 
of  learnin g i s t o assembl e existin g schema s int o mor e com -
ple x schemas .  Thi s assembl y hypothesi s i s relate d t o th e 
coordinatio n proces s propose d b y Piage t  (1985) .  Th e relatio n 
betwee n coordinate d schema s i s no t  mer e association .  T w o 
schemas ,  eac h o f  whic h i s wel l  establishe d already ,  ar e 
hooke d togethe r  i n suc h a  wa y tha t  thei r  coordinatio n ac -
quire s a  ne w cognitiv e function .  Fo r  example ,  on e steppin g 
ston e o n th e wa y t o correc t  understandin g o f  Darwinis m i s 
probabl y t o coordinat e th e idea s o f  selectio n an d repetitio n 
int o a  ne w schem a fo r  repeate d selection .  Thi s schem a i s 
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more comple x bu t  als o mor e powerfu l  tha n eithe r  selectio n 
or  repetitio n b y themselves . 

The vie w tha t  novic e competenc e consist s o f  a  repertoir e 
of  schema s ha s ver y differen t  implication s fo r  th e natur e o f 
learnin g tha n th e misconceptio n vie w (Hewso n &  Hewson , 
1984 ;  Lawso n &  Weser ,  1990 ;  Strik e &  Posner ,  1985) . 
Inspectin g th e schem a repertoir e w e hav e uncovere d i n ou r 
studie s show s tha t  students '  prio r  knowledg e i s ofte n irrele -
vant ,  sometime s fuzz y an d alway s to o simple ;  i t  i s no t  ob -
viousl y incorrec t  o r  false .  Instea d o f  rejectin g thei r  prio r 
knowledge ,  student s hav e t o determin e th e relevanc e o f  exist -
in g schemas ,  explicat e undifferentiate d concept s b y makin g 
th e relevan t  distinctions ,  an d construc t  mor e comple x 
schemas b y coordinatin g existin g schemas . 

Althoug h dat a fro m thi s stud y ar e fa r  fro m conclusiv e a s 
t o th e validit y o f  th e schem a view ,  th e result s invit e explo -
ratio n o f  alternative s t o th e naiv e theor y vie w o f  misconcep -
tion s i n scienc e learning .  I f  student s retrieve ,  instantiate ,  an d 
coordinat e explanator y pattern s durin g learnin g effectiv e ped -
agogica l  technique s shoul d suppor t  thes e processes . 
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