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Applyin g a  F ramewor k fo r  Conceptua l  Chang e i n th e Scienc e Classroom : 

Studie s o f  Knowledg e Integratio n 

James D. Slotta & Alex Cuthbert 
(slotta@socrates.berkeley.edu ,  alx@socrates.berkeley.edu ) 

Universit y o f  Califotni a a t  Berkeley ,  Graduat e Schoo l  o f  Educatio n 
453 3 Tolma n Hal l  #1670 ,  Berkeley ,  C A 94720-167 0 

.\bstrac t 

Using Linn's . 1992) theoretical frainework of conceptual 
change ,  k n o w n a s Scaffolde d Knowledg e Integratio n 
(SKI) ,  i n a  classroo m context ,  w e explor e tw o cognitiv e 
processe s tha i  ar e importan t  t o conceptua l  chang e i n th e 
scienc e classroom :  askin g cntica l  question s o f  evidenc e 
and searchin g fo r  evidenc e t o suppor t  desig n o r  scientifi c 
argument .  Separat e studie s wer e performe d fo r  eac h o f 
thes e processes ,  i n orde r  t o isolat e th e effec t  o f  thei r 
treatment .  Subject s wer e eighth-grad e student s w h o 
worke d o n specia l  project s designe d fo r  th e Knowledg e 
Integratio n Environmen t  (Linn ,  M .  C ,  Bell ,  P. ,  &  Hsi , 
S. ,  i n press) .  Result s sugges t  tha t  thes e kind s o f  studen t 
activitie s an d scaffoldin g derive d fro m th e SK I  framework 
ar e indee d conduciv e t o enhance d studen t  learning . 
Student s w h o receive d project s i n whic h SK I  component s 
playe d a  stronge r  rol e (i n th e for m o f  speciall y designe d 
curriculu m an d softwar e tools )  showe d clea r  superiorit y i n 
th e question s the y pose d abou t  scientifi c  evidenc e a s wel l 
as i n thei r  us e o f  evidenc e i n a  desig n task . 

Conceptual change in the science classroom is a complex 
cognitiv e an d socia l  proces s -  on e tha t  i s affecte d b y man y 
factors :  th e student' s knowledg e o f  domai n material ;  th e 
natur e o f  th e instructio n provided ;  th e student' s value s an d 
attitude s abou t  schoo l  an d learning ;  socia l  interaction s withi n 
th e classroom ;  etc .  Ou r  framework  fo r  conceptua l  chang e i n 
th e scienc e classroo m mus t  therefor e includ e cognitive ,  socia l 
and epistemologica l  components .  A  lon g histor y o f  researc h 
i n th e Compute r  a s Learnin g Partne r  projec t  (Linn ,  1992 )  ha s 
culminate d i n th e identificatio n o f  fou r  majo r  component s t o 
th e framework:  a )  identif y ne w goal s fo r  scienc e learning ,  b ) 
m a ke studen t  thinkin g visible ,  c )  encourag e autonomou s 
learning ,  an d d )  provid e socia l  supports .  Learnin g h o w t o as k 
question s ha s bee n identifie d a s on e o f  th e mos t  importan t 
cognitiv e skill s  fo r  student s t o acquir e o n th e roa d t o 
becomin g autonomou s life-lon g learner s (Palinsca r  an d 
Brown ,  1984 :  Collins ,  B r o w n an d N e w m a n ,  1990 ;  se e 
Rosenshine ,  Meiste r  an d Chapman ,  1996 ,  fo r  a  thoroug h 
revie w o f  thi s research) . 

A Collaborativ e Searc h Pag e (CSP) ,  designe d usin g th e 
S KI  framework ,  provide d a  repositor y fo r  classroo m 
knowledg e tha t  successfull y filtere d informatio n fo r  student s 
tha t  ha d troubl e independentl y locatin g Interne t  site s t o 
suppo n desig n decisions .  Th e C S P doe s no t  simpl y hel p 
smdent s formulat e queries ;  rather ,  i t  help s the m redefin e th e 
natur e o f  th e proble m b y a )  modelin g successfu l  approache s 
use d b y othe r  students ,  b )  providin g a  rang e o f  alternative s 
tha t  ar e submitte d b y othe r  student s w h o deeme d the m 
relevant ,  an d c )  encouragin g reflectio n durin g th e proces s o f 
findin g informatio n t o suppor t  desig n decisions .  Th e specifi c 

desig n proble m studie d here ,  creatin g a n energ y efficien t 
hous e fo r  th e desen ,  require d th e integratio n an d applicatio n o f 
scientifi c  principle s tha t  wer e learne d throughou t  a  semeste r 
of  computer-base d laborator y work . 

I n a  separat e bu t  relate d critiquin g activity ,  student s w h o 
receive d guidanc e consisten t  wit h th e SK I  framewor k wer e 
abl e t o as k question s tha t  wer e rate d nearl y a  standar d 
deviatio n bette r  tha n thos e o f  student s receivin g th e 
superficia l  guidanc e i n relafio n t o specificity ,  relevance ,  an d 
productivit y o f  question s (F(2 ,  109 )  ̂  15.01 ;  p  <  0.0001) . 

Superficia l Modelin g 

Informatio n o n Evidenc e Cove r  Pag e 
Figur e 1 .  Categorie s o f  guidanc e versu s generate d questions . 

Perhaps the most interesting thing about these results is: 
onc e th e student s lef t  thei r  respectiv e "evidenc e cove r  page " 
(wher e th e advanc e organizatio n ( A O )  an d modelin g 
informatio n wa s supplied)  an d wen t  ou t  t o th e actua l  W e b 
sites ,  ther e wa s n o differenc e whatsoeve r  betwee n th e 
treaunent s fo r  th e thre e conditions .  Simpl y b y providin g th e 
appropriat e guidanc e i n advance ,  w e coul d positivel y affec t 
students '  abilit y  t o as k critica l  question s o f  evidence . 

The SK I  framewor k combine s th e mos t  recen t  an d 
prominen t  contribution s fro m th e cognitiv e literatur e o n 
conceptua l  chang e wit h importan t  insight s from  th e educatio n 
community .  Accordin g t o thi s framework :  n o singl e model , 
but  a  repenoir e o f  conceptua l  model s shoul d b e encouraged ; 
intermediat e an d qualitativ e conceptua l  model s shoul d b e th e 
preferenc e i n curriculum ;  student s shoul d b e encourage d t o 
wor k autonomousl y withi n thei r  o w n conceptua l  repenoire ; 
and finally,  socia l  component s o f  learning ,  a  prominen t  facto r 
i n collaborativ e learnin g environments ,  shoul d b e encouraged . 
The tw o cognitiv e processe s studie d b y thi s researc h — 
questio n generatio n an d searchin g fo r  evidenc e -  ar e bot h vita l 
t o th e proces s o f  acquirin g scienc e knowledge .  Ou r  researc h 
has show n h o w bot h o f  thes e processe s ca n b e dramaticall y 
enhanced ,  withi n th e eve n broade r  contex t  o f  a  soun d 
pedagogy ,  b y applyin g thi s framewor k t o th e desig n o f  tool s 
and curriculum .  Mor e detaile d informatio n abou t  th e researc h 
alon g wit h th e reference s an d relate d publication s i s availabl e 
at  http://www.kie.berkeley.ed u unde r  "Publications" . 
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