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Desig n i s a  powerfu l  vehicl e t o teac h schoo l  childre n scienc e 
and mat h (Hare l  1991 ;  Kafai ,  1994 ;  Lehre r  &  Romberg , 
1996) .  Desig n provide s a  natura l  environmen t  fo r 
discoverin g reason s wh y scienc e concept s nee d t o b e learned , 
fo r  seein g th e context s i n whic h thos e concept s ar e pu t  t o 
use ,  fo r  usin g thos e concept s t o solv e meaningfu l  problems , 
and fo r  engagin g i n meaningfu l  reflectio n an d thinking .  Ou r 
conceptio n o f  Learnin g b y Desig n (Hmelo ,  Narayanan , 
Kolodner ,  1995 )  i s  tha t  a  desig n proble m i s  pose d t o 
children ,  w h o the n collaborate ,  wit h th e teache r  actin g a s a 
facilitator ,  t o propos e solutions ,  decid e wha t  the y nee d t o 
lear n t o follo w throug h o r  decid e betwee n propose d 
alternatives ,  see k ou t  tha t  knowledge ,  an d incrementall y 
construct ,  tr y  out ,  analyz e results ,  an d revis e idea s an d 
designs .  I n ou r  firs t  implementations ,  w e traine d teacher s a t 
bein g facilitator s an d helpe d the m lear n abou t  th e particula r 
desig n problem s thei r  student s woul d wor k on .  Base d o n 
our  analyse s o f  thes e experiences ,  w e discovere d som e o f  th e 
specifi c  difficultie s student s ha d an d designe d pape r 
scaffoldin g t o addres s som e o f  thes e difficulties .  Experienc e 
wit h th e pape r  scaffoldin g showe d u s ho w muc h mor e fine-
graine d an d problem-specifi c  th e scaffoldin g need s t o be . 

Lessons Learned 

We foun d tha t  student s neede d hel p no t  onl y a t  th e leve l  o f 
th e mai n phase s o f  th e desig n proces s bu t  als o t o 
successfull y execut e th e activitie s withi n eac h phase . 
Moreover ,  i t  wa s clea r  tha t  th e suppor t  shoul d integrat e th e 
scienc e an d th e desig n activitie s i n suc h a  wa y tha t  student s 
carrie d ou t  th e desig n relate d activitie s i n th e pursui t  o f 
scienc e knowledge .  W e ar e workin g o n a  framewor k fo r  a 
model  tha t  wil l  hel p u s provid e bette r  scaffoldin g fo r 
childre n i n L B D classrooms . 

The framewor k tha t  w e ar e workin g o n i s a n attemp t  t o 
hel p u s desig n th e scaffoldin g a t  thre e level s an d t o integrat e 
th e suppor t  i n suc h a  wa y tha t  th e scienc e i s mor e integrate d 
wit h th e desig n process .  Fro m ou r  analysis ,  thre e level s o f 
suppor t  hav e bee n identifie d a  macr o leve l  (th e mai n 
phases) ,  a  micr o leve l  (th e activitie s withi n eac h phase )  an d 
a metacognitiv e leve l  (link s betwee n an d withi n phases) . 

We describ e th e desig n proces s a s consistin g o f  fou r  mai n 
stage s a t  th e macr o leve l  -  analysis ,  description ,  synthesi s 
and evaluatio n (macro-level) .  Eac h stag e consist s o f 
numerou s activitie s a t  th e micro-level .  Analysi s consist s o f 
explorator y activitie s suc h a s identifyin g th e objectives , 

breakin g th e proble m int o su b problems ,  brainstorming , 
identifyin g issue s fo r  research ,  etc .  Th e descriptio n stag e 
involve s furthe r  understandin g o f  th e problem ,  literatur e 
search ,  refinin g th e proble m specification ,  establishin g 
criteri a fo r  evaluatio n an d othe r  activitie s tha t  hel p i n 
clarifyin g th e situation .  I n th e thir d stage ,  tha t  o f  synthesis , 
th e knowledg e fo r  th e earlie r  tw o stage s i s combined .  I t  i s 
th e stag e i n whic h a  solutio n i s chose n an d a  prototyp e i s 
implemented .  Th e final  stage ,  evaluation ,  i s  characterize d b y 
a steppin g bac k an d reflecting .  I t  involve s evaluatin g th e 
desig n wit h respec t  t o th e criteria ,  an d identifyin g aspect s fo r 
improvemen t  an d redesign . 

Althoug h w e describ e fou r  distinc t  stages ,  the y ar e no t 
mutuall y exclusiv e an d student s travers e throug h differen t 
level s i n th e space .  Th e tas k then ,  i s t o guid e th e student s 
throug h th e spac e define d b y processe s an d representation s 
alon g thre e dimensions .  Th e firs t  dimensio n define s th e 
stag e i n th e desig n process ,  th e secon d dimensio n specifie s 
whethe r  i t  i s a  metacognitive ,  a  macr o o r  a  micr o activity , 
and th e las t  dimensio n define s th e representationa l  leve l  — 
structure ,  functio n o r  behavio r  -  o n whic h th e desig n 
processe s operate .  A n exampl e wil l  mak e th e relationship s 
clear .  Suppos e a  studen t  ha s buil t  a  prototyp e an d i s 
evaluatin g (macro )  he r  model .  Whil e evaluafing ,  sh e woul d 
hav e t o g o bac k (metacognitive )  t o th e criteri a (micro )  tha t 
wil l  hel p he r  t o evaluat e he r  artifact .  Th e criteri a shoul d 
enabl e he r  t o judg e whethe r  he r  prototyp e fulfill s  functio n 
(s )  tha t  wa s proposed ,  an d i f  no t  whethe r  th e structur e need s 
t o b e changed .  Thu s eac h activit y i n th e proces s require d 
student s t o reaso n abou t  th e science . 

We ar e attemptin g t o formaliz e thi s framewor k int o a 
model  (th e propeller )  an d bas e ou r  scaffoldin g effort s o n it . 
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