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ethnographic research offcrs acccss to ntcract io|rs oi
nudents and teachers inirn authent i .  earning context.
The classroom as a " lv l rrg laboralorv '  approach oi iers
a comblnat ion of bolh and promotes lhe ldea oi  the
classroom .rs a l lv ing cul lure that can be seedecl lor
studylng earning n context v!hi le mair lalning control

Very fcw proponenls ol  deslgn-based research have
used c assrooms as iv lng abornlor ies to study lhe same
part c lpants'  earninB over extended t  me per ods as
ihey beconre rnore experlenced ln what thef are dolng.
Students and teacheB regular l ,v come t .r  c lass day
after day, year aftef ,vear and thus provide a earning
environmcnt accesE b e ibr systemat c lnlervent ions .nd
extefdcd observat lons l f  thls art ic e,  I  dcscr ibc rnd
a n a v z c  a  c u r r i c u a f  i n t e r v e n t o n  c a l  c d  " c a r f l n S
rhrou! lh dcaign. '  E ementar,v fourth an. j  f i th gfadc
students work in lenm, derigning and inrp em!,nt ing
softwarc that Ieaches yo!nger st !dents in thcl .  s(hoo
aboul a science loplc.  Teams.ire cornposed ol  both
students experienced l f  the projecl  task and thosc nelv
t o  t h c . 1 c l i v l t r " .  I n  a d d i t i o n ,  m a n , v  s t ! d c n t s  h a v e
pa( clpaled in these projects ns third grnders, the
i f tended audlence ior the soi twarc, bejore movlng inlo
l , - . .  I n .  a n .  r c  , \  L ' ,  i  ^ . .  - q  a ' r

O ! r  d e s l g n - b a s e d  r e s e n r c h . p p r o a c h  u r e d  t h r e e
phares, r ,h ch examlned dlr tcrcnt:rqpe. ls or st !dents'
lcnrning lhrough designi

In lhe i l rst  phase, r 'e inrp cmentecl
orode of earnin! throLrgh deslgn O!r ro. l  $,as
to u'rderr iand diJierent .rspc. ls oi  nudef ls '
ntcracl ions dur nt the thrcc moflhs oj  prolect

acl  v i l_v. We analyzed group conversat ions at
bcglfnlnB, middle. .n. l  .nd poinrs oi  the prolect,
a s  s l L r d e n l s  \ f e r e  p . r f n i n g  i f d  j  n i  l z l f g  t h e i r
soi l r ,are and s. ienIc dcs gns l f  a.1.1 t ion, wc

,  l  . r o r  L . r ' '  l ' .
! !cre structrred bet\ !ccn ex!€rren.e. i  and
lncxpcrlenced members oi  thc prolccl  lenm.
In the second ph.rse. we e\anrined ln more detai
' r ,  r : ,  

"  I ,  , ,  ,  h - , . 1  l  l '  ,  -  - -
col  aborat ive ntera.t lons. \ !e comparecl two

I  b . r ( - .  , - r -  l ;
one aspeci:  the.omposlt lon oi  experlen.ed afcl
inexperienced membeE ln a team. 1n the iocLrs

d  r ' r .  '  
l P

approach o f  learn ing  sc ience b ,v  des ign  l f  te . rms
r o  

"  l " .  $  h  r p  p - r r p ,  a , r  .  , r a ,  .  \ \ \  l a

comparlson,:  ass io lorving the same curr iculum
had leams with nexper enced students on v. Ihis
'  o r t i ,  ,  '  a  \ \ - . 1  '  .  r o  , . 1 -  r i  " b u . ,  r
approaches pert inent to experience afd io assess
thelr  impact on other project v.r iab es, such as
students'  sc enle and proeramminB learninE. We
iocused our ar.r  ) , \ , r  or i  "hclpinB nlcra.t  (nrs,"
ldent l i ie. l  ln rhe col . lbornL on lrerature is a (ey
ngredieni lbr lmproved leam ng.
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.  a  t ^  r o  - - d  . ,  p , " . -  r " .  r o .  r  .  r .  -  r L -  o  ' .
terrn impact oi  learni ig thrcLrgh des gn: how
studenls who part ic lpated in th s prolecr ior lour
vcars came to unclerstand therr o\ ! f  earnlng
cxperience as soi tware deslgncrs. We l f tervlewed
s t u d c n l s  a b o u t  t h e l r  p a r t l c i p a t i o n  a n d  r o  e s  l n
each of the project years.

J - . i 8 1  b r ' . d  r a . p , r .  \  p ' o \  d " d  '  '  J t  o r o t  ' i  '

methodology to addrers a l these goa s. Our approach
was an interuenl ion and an observat lon al  lhe same
time. The purpose of our ef iort  was fot to prove lhat
learninS through design wa5 an ei iect !c pcdagoSlca
approach because prevlous res€arch had addresqed ih,
q u e s t l o n  H a r e ,  1 9 9 0 i .  O u r  i o c u s  w a s  o n  i d e n t i l y l n g
f iosc ieatures that impact the ct iect iveness oi  learninq
thrc' ,gh deslgn.

Theoretical Background
Construct lonld cnrning t l rcory P.rpcr l ,  1980, l99l l

prcvidcs thc theorct lca !mbrel ln for the pedngogica
rppr.r .rch oi  learning throuBh design. l t  Dosl l< that
earninl l  h ippcns bcsl  whcf learners .rre engaged ' r

cre.t  n8 art l f .cts reprcscnt inS thcir  dc.r , i .  Lc.rr f lnB
a r t i i i c t s  c a n  b e  c o m p L r t c r  p r o S r a m q ,  r . , h o l i . s
constr! . t  ons, garnes, or ! ! f l t  n8s thnt arc opef lo
e x a m i n a t i o n  a n d  d s c r s s o n  b !  d f d  w t h  o t h c r s .
Learning science thro!8h design, as dcscr ibcd hctc,
dra$,s l ts inspirat ion i rom the fstru!: t ional $rtw.r( '
design project (Hare & Papert ,  l99l l in wh ch sl ldcnrs
created instruct ional soi t{ ,are to tca!h } ,ouf gcr st !dcnls
a b o u t  i r a c t i o n s . ' l h e  e a r n l n g  a r t f a c t ,  t h c  f s t r u ( t o n d
s o i t w a r e ,  p r o v i d e s  s t u d e n t s  w i t h . n  o l ) p { ) r t ! f l r y  I o
reiormu ate the r  understanding nnd to cxprcss rh. l r
personal ders and tee lnBs about i racl .rns in gr.rphics
and programming. The j f lended users. the yo!ngcr
r t u d e n t s  l n  t h e i r  s c h o o ,  p r o v  d e  t h e  e . r n e r s  $ i t h  n n
.rLrdlence and social  re ev.rnce. rhe co rarrrrar r i :
des gn oi  soi trvare and the apprent iceship ar.rngements
were ne$r ieatures of Ihe earning thro!gh des gn
piojecr nol ln lesl iBated i f  previous strcl les.

te.rnlng throuSh deslBn be onBs to the lar8er lnmily
oi  project 'based learning rpprcachcs that proposc
integrat ive, authent lc,  long terrn curr iculum unit5 ior
learning mathemat cs, s. ien.e, or socia st !dics 1{r.8. ,
I  L m e n i e  d ,  S o l o u / a y .  M a r \ ,  K r a l c i k ,  C ' , z d i i ,  &
n  l r n . ,  I  r . 1 t  B . o !  '  r q o 2  \ a  r )  .  I  t  . ,  f r .  ,
hnsed and deslgn-based approaches lnvolve the use d
t. .hnological  too s lo he p st !dent,  n their  fqr l ry ancl
ndi l :c l  conslru.t ion. In eam ng lhrough des gn the.e is
.r f  exp lc I  iocus on earning progrnnrminr,  not lor ts
own sake, but io support  the earning oi  other srbjo.t
m.r l ler.  Th s approach addresses man,v ol  the key
s h o r r c o m i n B s  d e n t i i l e d  i n  p r e v o L r s  r e s e : r c h  o n

n  , '  n r !
Palumbo, 1990).  l ' rogramming, or s.r t t \ ! i (  deslgf,
lnc ude, the creat ion of soclal ly meanin! i !  . r t  1n.ts,
sLrch as netruct lona soitware that is t .nr i l iar to nfd

29
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Underctanding Leatning Ihtough Des;gr. In this
phase of our design-based learning approa(n, we
imp emented a classroom model and studied i ts
deve opment.  One of our analyscs focuscd on students'
,  o  t d b o . d r  \ -  o .  r  r  n 8  . i  , .  i ^ ^ , ,  . o i r * d  _  . t p .  . n ,
(Marshal ,  2000).  We iound th.r t  the conrenr oi
plannlng discourse shi i red accordinS to the deminds oi
rh. p.ul" ,  f ro^l  Io,  r  .  nr n,  , ;E lo . ,  ru r .  o,
complet ion. The experienced tenrn membcrs p aved a
crucia roe in addressing key issoes by rclerr inq
expl c i t  y to thcir  previous projecl  exper ence. We thcn
a ' r i \ _ a d  c "  !  p n . ,  ' o n r p . r r  r r n ,  r - "  l . ' . - . r , r .
addresslnB n key q!est ion on whelher the frcSral ion ol
learning sclence is pan of students'  concernE LKnia &
Ch ng, 2001).  We iound thar srudenls indeed adafcssed
scicnce content in rhelr  p annlng discuss ons, b! t  did
so in more depth $,hen dlsclrssing the dea . ]nd contcnt
of software screens. The evel oi  science coftcnt nnd
discusslon a so var ied ar di i ierent t ime po f ls n lhc
project,  with most oi  the sclence-or ienled d scLrErions
takinS p ace ;n thc early planning sesr ions. Again, lhe
expericnccd team members not on y lni l lated. bul  alro
expanded convcrsat ons aro!nd science topics. This
f l rst  sel  of  ana yscs I  ustrated the important ro e rhar
more experienced studcnts payed n their  teams blr l
ct l  open a key quedion, on rvherher rhe age of students
( l i f th Sraders) or pr lor project experience $,as
responsible for thls performance.

Conpating Leaning Throuqh Desig. n rhe secon.J
phase, we co'nparcd tw.r c lassrooms taught by the
s a m e  l e a c h e r  d l i l e r i n g  l n  o n e  k e y  a s p e c t :  t h e
cornposi l ion oi  exper crccd and inexperienced team
members {Chin8,2000).  In the iocrs clax, rve had
st ldenls experenccd wlth the approach oi  learning
sclence by deEign i f  lc.rms together ur i th lnexperi-"rced
students, lvhi le r  compar son class fol lov\, lnF the q.rmc
cLrrr l .L um h.d teams v! i th inexter ien.ed srLrd{ nts
on y. The analyscs i rom three d f ierenr vrf tagc points
elhnograph c studv of apprent iceshlp ntcr l jctrons rr
tenms, i f tervic lvs abo!t  st !dents'  per.ept ions .bour
their  ro e as tearn members ancl those oi  olhcrq, anci  a
p r e -  a n d  p o s t  t c s t  c o m p a r i s o n  o i  , c e n c c  i n d
programming knorv r :dge revea ed a c eir  pat lern:
Previous experiefcc, nnd not.r8e, lvas a declqlvc

Studcnts'  apprcnt iceship interact ions $,ere nrrcluf t :d
vcry di l icrent y ln teams lv i th exper enced members:
Studcnts adopted nrore co abor: t t ive, shared modcs ol
inter.ct ions when worklnS $r i th ne\!  members ln I l rc I
ieanrs, and they also a ol ied rnore room ior nr.rk jnB
m l s t a k e s ,  w h i l e  s t i l l  m o n l l o r l n g  ( h c  p n r g r c s s  o f
lnexperienced team member, i .  In lhc compdrlson. lass,
the o der studenis tended lo conlro most intcract ioIs
around the computer,  eiv ing l l le room for i fcominS
students to develop their  own experl-" f .e.  Whcf
students $,ere askecl to ar l icLr late their  olvn ro es nnd
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Ihose oi  olhers ln the tennr,  the di i ierences bctwccn
exper enced and lnexperience.J , tudentr ref lecled I  heir
working affnngem€ntr:  Sludenls in lhe iocus claEs ha. l
s i B n i f i c a n l  y  r  c h e r  u n d e r s l a n d i n g  o i  l h e  r o  e s  o f
experiefced rrLrdefrr  \^,hen compared to slLrdenls in the
comparlson claEs. Sludef l \ '  roles inclLrded coBfi l  !e
( i . e . ,  " k n o \ \ l n g  m o r e  p r o g r a m m i n g ' ) ,  s o c i a  { 1 . e . ,
"provldinB more help"),  and ntfect lve ( i .e. ,  'knowlng

ho\,  l l  le l l  being a beginnef i  componentr.
These di i ierences a so appeared ln other.rspects oi

project per iorm.nce. Ihe number oi  softrvare pages
created by each team revealed a str ik ln ' : t  di f ference: In
lhe io{ us class, teams created an aver.rge of 19.75
pages, whereas teams ln the comparlson c ass achrevecl
e s s  t h a n  h a l f ,  a n  a v e r a g e  o f  7 . 8 5  p a g e s .  I h i s

invest igat ion oi  how we I  students learned togo
programming produced some lnreren ng parterns. A

tener.r l  l inear mode ana ys s of Et l rdents'  Logo lesl
score, revenled a slgn i i .anl  . l i i ierence be{$een pre
and post-test ,corer,  as wel l  a!  s lgnl i  canl di i ierenceE
b e l $ e e n  c l i s s  a n d  g r a d e  e v e l ;  t h e r e  w e r e  n o
signi i lcant gender di f terenceq.

Evaluating Leaming lhtouSt' Destgn. The rhird and
last phase was to eva Lrale lhe long-term impact oi
learning science rhrough .Jeslgn by examlning ErudenrE'
percepl ionr oi  lheir  own periormanceq in lhe lenrnl ' lg
rhrough design proje.r  (Kafai  & Roberrs,2002l.  We
.  , \ . . 1  .  . r - r  '  1 4  '  r i p ^  r ^  '  .  ̂  a \ l ' ^  i . 1  ^ ,  ' .

th d grade r.r i lwnre urers, ioLrr lh Brnde newconrers 1{)
des gn, nnd i i i lh gr. lde o d I lmers in solrware dcr ign.
Those sl ldefts lvho had been soi l$,are users a, th rd
graders mentloned .rspects such as, " l t  was rea y
coniLrsing because al  these peope rvere ike i i f th
gradcrs afd I  w.s a thlrd Sr.rder and the! had real ly,
l k c ,  k , L , 8 h  s u b l c ( t r  . n d  I  j u s t  o o k c d  a t  t h c i r
;rninrat ion\.  t  wns rca y n(v. I  thouSht kc, ' rn.n, I
! !ant to do lh. t  lvhcn I  gct into four lh gradc' . . . lgot a
l i t t  e gl  mpn'oi  whnt I  s,ould bc doing i f  lhc ncxt two

\ryhen , ludenls lhef moved nlo iour lh grade .rs
a st !dents mentioned the knolvledge oi

l h e  p r o g r i m m l n B  l a n g u a B e  a r  l h e  m o ! l  p f o J n l n e n t
rrpecl oi  their  experlence beinB rof lwnre.rpprent ceq,
''when I didn't kno\\ ho\\, to work Logo, it was k nd oi
hard, '  lb l lo lved by socia dl f ferences, ' l  hacl  to sort  oi
leam an my o$,n and irom orher people," and af iect ive
arpects r t ]ch as "b! l  once I  learned l t ,  then I  real ized I
$a, real  v fun to work wlth l logol."

\ \ l a r  , , , l p r ' .  6 \  a \ \ p i l t L p r i r i l  r r d e c r u " r - r  -

t  -  r ,  . p  r  a  r .  l . . o \ '  t - d  a  o  l t  6  p . o - r J 1 r  . r  
I

language wis ment ione.J a,  f requent  y  as thei r  socia l
in ter i ( : t ions when the) ,  were ab e leach other  peop e 1o
prcgram, ' l r  wae bel rer  bec.rLse I  k ind o i  rho$ people
lxr .nuse I  w.rs  lhe one who knew wh:r l  lo  do.  lnElead o i
jus l  belnS lhe one $,ho w.rs laughl ,  I  ( :ou d leach
pcop e."  Wherc. rs  : r t icct  vc rspecls
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.ddrers Jrrotcr t  issre< th i r l  pcr t . ln  ro i l l  . jnr l  fo i  l rn
some groups? Horr  c lo c  rssroonr re. r . fcrs  h, r  i r r (c
. ! r r c L r l a r  q o .  s  \ ! r h  l h o s c  o i  r e r e : n : r  q r e s r o I s
c le!e opcd b,v indlv id! l r1 5t !denrs? \o, r f  . r i  rhes.  . r .
l r l ! l . r  furst lons,  a l ld  thcf  need lo b{ ,  .d . l r€ i r1t l  i r l
lea.hcr  t ) r ic t  re and p() rcss lona de\c r4rnrcnt  l . r  i r ] .kc
pf t r le . l  l )nscd le . r rn i f  t . r l ) i ) ro.ches a su.ccss.

F i n a  v ,  t h e  l a r q e r  i s s L r e . r l . r n \  c u r r l . ! l . r  i n n o ! n l t o r
r .  , r ' . , q r  r .  o  , ,
p e d n g o g i c , i ,  i f s t r u c t  o r ] . 1  m . r e r u  s ,  o r  n e \ !
te .hno og es.  The m \ed gr . rdc m.rdel  . ) i ih , ,  e i r fnq
l h r o u g h  d e s i g n  . p p r o a . f  i l ! s r r i t e . l  h . r \ !  h i ! t n c
e\per lenced, j tLrdents,  ind not  j !s t  nrore.rb { ,  5ru. le i i r .
( .n  rke n s iAni r  cnf t , : l i i lc t r , r (c  in  term\ o i  !n . l . f rs '
f d i y l d ! i l  e . r r n j r !  e \ p e r i c J r . (  . r , d  r \ r  g . , , { r r . l

(  i rssroom .1c l i ! i t  cs.  i ,1ore i r r [ ) r t in t .  sr . f  . r ]  r rpr . .1 .h
! ! . l r a n l e e s  l h . t r  t h e r e  5  n l w i ) s  . r  . r  r . i l  I L r f r l x , r  . r i
n u d e f c  n  t h c  c l . s ! r c o m  r n . i  f 5 l ! d e n r r e r n r \ \ r , r 1 , ( . r , r
I  ' . 1
. . t  ! l t  es : rnd lc .  n ter . r .T o rs .  O!r  . ! r f t 'nr  s !s lem
. s s r m e s  l h : r r  a  s t r d e n l e  m n d e r  t h e  s t r m c . o n t c n t . f d
sk s in  lhe , iamc t lme l )cr .x l ,  en!  nq l l  ( '  ( )onr  lo
accommodatc students x i l f  d  ( , re i t  ba. iqro| | r ts . rDr l
c \per len.er .  Thc mode pr . \cnto. l  here w({r  I  prc! i .1e
ro.nr  lo  8ro! !  o ler  lear t ,  r io t  j !51 monlhs.  r r r r l ruqh
! t ra. l !a  l , !  n . r rJs inA dema rds \ \ , "  r r ' , r  z f  th . r l  th i .
s t ru.1ur | ]  o l  nr . rs t  s .hoo orJ l .n izn l  or)s  i \  ror  \e l  u f  t . )
! ! p p o 1  q ! . l r  o n g . t e r m  . L  r  r ! l . r  l n r p  c r i { , f l i t  o f s .  l ) L  I
t h  5 : r b < c ' r ( c . l o n e  r h o !  r l  n o t  b e  r e r v r n  r o r  e \ c  r !  o r r .
R n t h e r  I  s  r o u  . 1  i . r . .  c d ! . i 1 r o n ; r l  l h . o r t s l s  , r r j d
p r r c l i l  o n c r s  .  i k e  t o  . c t h i n k  h . r \ !  n c  . i r l  h e \ l r , r l c
s.hoo s 1o pf t^ ide m.f t r  r l .v . ,  oDmt ' f l , r  \ '  . l f ro l r  i l , ,
(  ono ( rons r1)r  c . rnrng.

Conclusion
n . ( ,n . lus on,  des gf  1, . !ed re ic . r ' t  r  , r .  .  t ! t Iq

r b o r r t o r r  o i n : r r . d  u s  l h r  ! r r  f L r e  o p l ) . r i L  r  t \  r o
! r r ! . r rshn. l ,  .onrp.r re,  i f . l  . ! , r  u . r rc  € i . f  Iq  l I r ) !gh
. l . rs  l t f  ! t  i lh  I  rh.  rcn i  fer  o i  r  I  J isro. i rn l ) r  I  l !  !on. l
lh .  nr  led perst ) (1 i ! f  . i i : r  schrr r  \ | r r .  Nel lhcr  o i  ( i ( r r
r i rd ings . lo fe \ r .nr l ( l  h . \ 'e  f ro\  id .d u\  wi th i  tho( , ! , r l l
!nd$stJndinq.r i  ho\ !  th  s  pro le. t  i !n{  I  rn\  , r fd  I  . r ! !  r

nxrlhodo orli, .,1 i!;ucs. /.atrrrl ./ /1. r..rfrlrg S.ien.es.

lnun A.  & ( : rut i ( { { , .  l  l9r } . r r  C!  d. . l  d iscovcr f  n a
c(r f rm!n1!  r r  . . r r i r . rs  I  K r \1.Ci  r  rEd. l ,  C/r$roDD
,ss,nsr  r r r { .grr r t ,8  cotn i t i r t '  th t - tv  .nrJ c lasroonl
t , r , l t r i  f )p .  2 l !  l r2 l  (  , rnrbr idgc.  r ,1A 1T l le is

( :h. r .  (  C t )ot ) ]1.  Appa\1t i .aship,  lpatn iDg,  an. l
t.t hrt)lt)!r Childt.n as ol.ltitnL\s and natr.onpt. in thL,
t r l tDe. t  k tnhg thrcu]h dprrSn Lrrp! l r l lshcd do.ror . r
d . i . r r i r  .n ,  l , f  \ . rs  r ' ,  o t  Ci l i ior . t .  Lr^  , \ igc cs

a h ng,  C C. .  K.r . i ,  Y.  B ,  & Mirsh.  .  S.  i t0oor  5pa.cs ior
rh ingcr  C. id. r  . .d  (c .hno o,q!  i . .ess .  .o  l . ibornr ivc
ntr\,.ir. desi!. prulc(rs. /.rtr i/ fat t.ien.c tdu.atian
an. l  I . .h . .1. ! , . ,9n)  41 56

( l i l  f ! .  A 8nmn. I  I  & N$!man.  S.  i t . | l ( l r  {  o8ni r  vc
r i i f , .nr .gh t :  kr . l ,hB I rc . r r i rs  o i  f .a . l ing,  wr i t  ng,  rnd
D.rh.nr i t . r  .  L .  Rr \ f  c l  iEd.r ,  Knorr ing,  le ,Ja)rng,  and
i , r r ,u . t , r , r  tsrn$ in  h.hot  o i  R.b. : r t  6 / , rn7 i t t  451
.|r1r H: i., c, \l: Lr\rft{i.. tr brlnr Aso. ites.

E. l .nrr ,  l l  P! . r ,  R,  & C.nr . / ,  L  i l . r ! r r .  CoDsk!d i r i !n j  in
t r .  .o  l ibor . r l . rv  ln  B W l$.  iE l  t ,  (orsr tu.nr lsr
/.imir .nrrnrrm.,15r Cisa ttu.ln ir intr\Lrranal clasip
f t  l r l  r 6 4 r  r - n t c n o o d  (  l i i i i  N l r  t d l c a r o f . l

T iahnr .e\  P!b . i l i . t r rs
l l . r .  .  &  l i p r r l  S  I  9 9 l r  s o t t \ t . r .  d . s s  . r ! . r  l c . r n  n g

ctronnr . . r  / . / { r r . r , fc  Lcr  i .E L. r i t (n)n.  nts ,  1t )  l

l h \  K , . \  B i r i b , 5  L 2 f r l ) l r  C o n s i t r . l  r s n j  I  p L r d i . c :  A
( , ) . , t , i , < ) ) , i i ' l  . o f t r i s l  o 1  i p l ) r . , ( c c s h i p  a n d
(  r i 's t ru. r ron ( t  . i r . i fB !n! l ( )nnr .nrs l . r  r , t l  a i  tha
I  i , rnrr !  -Sr  i . r . . r ,  l r l .  2 lJ l  l2 l .

( r l r  Y . l l ) i r2  t .  . j l , r r !  sr !d.nrs p. r t r t l r j !  ( ) i  y) . ia
, r l , ln l )  [5  Df !c  opm.nl .  r . r t ) . ] r  cn.c.  . .d  c . t ! i l ]  |
. o l , r h , r , r i \ !  n ) i t w i r  . l . i i ! .  , r  1  r  t l r . ;  n C  S t i h  l t d ) ,
f , , ! . , ,dnr{ r  , ) i  th t  rau h t . r t .k tu.  

"1 
t - -anpute l

t l t t ) t , , tL \ l  (  t ) l labnLt t r r .  I  t , r ,14 lp l r .  5 ,a,56 Ur) ! ldcr ,

( , , r , i .  \ .  R. , l l ) ( r l l r  ah ld({ i  . r5  ! ) i r r . r .  uv 6,  ( l .s  gnetr ,  rnd
r \ i r f r i , , r .  ,A Dru .  r td  r .  rh.  t I : t i tn  r t  ch i l . l .n  t
t i l t  L !  t j \1  k \  ht l t ) lqk ' .  rpp 2 l  l  l t r .  Srn Frr i . ls - l
\1 , r l l r r .  K. r ! rm.rn P!b <h.r !

K.r r . r i  I  ts ,  , \  (  l r i fB L C l l )Ot  Ai iord in. .s  o i
ro l  iborr l  \ (  ! , ) i l r ! rc  d$ g i  I  i . , ,  f8  i ( ) r  . lcncnr i r \

' ' " ' ' ' " , '
/ l  i  J z l  t 6 r .

K . r r , r i  Y .  E .  &  R o b . n i  M .  i 2 0 0 t i .  o .  b . ( o m  f g  j ! n i o r
<oi i r , r rc  r l r ,5  gn.r t r  .  l t  51.$! f  s  & l ,  Be Ids. ] ,
P.\.. d nt\ .t tlt titih tnk\n.'tr,1.tl C..nrprte on th.
l . , rnD!  5.n, , . . !  l ip  I  r r l  I9 l i r  5c. r I  f ,  \ \ 'A.

K r i r ,  Y .  8 . ,  (  l r  u ,  ( .  a . ,  ( \  \ 1 r r l h r l ,  S  l 1 l ( l ? t  a  h i d r e . . r s
d.s ig i . r \  , ) i  ( t !Lar  . . i  h !  l incd n i i t \ r , , rc .  1 . r , , / r ,e^
. \  t .1u. ,1thr ,  a l t , l1 i  I  ) t )

. B  \  "
r (nf rarc do\  q. ( , r !  n  R.  l r ( . ! r . fs  . \  P l t !  |  r tds ) ,
rl,!.../irrAs./ ihL t'itth lnt. nrtnnal C.t1iatu\. Dn rhe
/ ' , . r , i i !  s . t .nr . !  p f .  l9 l  l ( ) l l r  5r . . i tc ,  \ \ ,A.

K r , i i , Y  I  t \ l  I  K  i l n d c r ( ! i ! r . t - u l i r n ! r c f r c n r t r r )
i I r  r m . d  i  i . i . f r .  p ( ) i . . r s :  , ^  c i r . r  s r u . t v  r ) r  r h c
.k,11 r l  .n  ! l  L  isnnr f r  .nd c\ i  l i l  ( , r  n( l i !  I  cs

Li ! ( ,1  , !  \ iJ i lcr  E i l , r r ) l  .  _ l i r ! , r r . . /  l r ,  r r , , {  L{ i r rn j .k ,
t t r i i l \ . r l  t \ r t r . i t ,1 tbrr  C. ,mbr d! . :  {  i ,n , l r r i r lqc Lr i i ! . r j  l r

r r  A . .s r .d r : , rcDrs  lhe  rcs . . (h  r . t ,  r r l t  i  th  r  , r r l i l  .  h i j
b . .n  !L l ) l )o ( .d  b !  a  \ , r i  ( ) r i  S .  . . . .  t . l ra l i r  o .  (  / \ t t t [R
iREC r r6 l .z r r ! ; r  

8 r i . t  I  r f  d . i s  . \ t r f t \ ! c . l  h {  r (  ( t l j  ro r
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Design-Based
Research: More than

Formative

Project

Design bas.d rcscarch holds much potcnt ia l  r i r  lhc
i cld of cducationrl tcchno ogy. This is cspccia ly truc
ru rh u .  ru l  l  F-  L '  r .  Epn|d '  hn lo t .  i  r
lcar i i ig  wher€ new techio logy . i i rord. .ces r re
cxp o 'cd ind deve oped in i i  pr inc lp ed rnshio. .  This
nr t i .  e  prese. ls . rn ,c .ou. l  o i  deslSn based research in
.ctlon .is i w.iy to dln .gu sh belween desiSn-based
res€alchi rnd mor€ r ra. l i l io .a .s t r !c t io fa l  pro.esses.
Sp.c i f .a l  , ! ,  Ihc r f i ic lc  foc!s.5 on lhc d is t inct lon
bctw.cn succcss vc itcrations of format vc cva latkrn to
n p  n .  p  r i  

" r  i n . r r  i  .  p ,  d  ' n d  d ,  i d
bnscd rcscrrch tcrdtions lhJt toc!s on the developmeit
o i  morc b.ord y ipp ic .b le thcor ies,  mode ! ,  rnd
.  , ; h r .  .  . ' l  n  l '  /  \ '  t l  n  o r  p 1 6 8 ,  q
te.hno 08 es tor learn ng.

Introduction
Over the pasl c lght ycars, rve have engaged in a ser les
oi relaled projects lo develop the educat ional pot€nt ial
oi  lhc cmcrging tcchnoJogy of v idua reaity.  We have
tackled lhe many dimensions oi  this chal lenge through
.r sct ol  dcslgn based methods that h.rve l terat ively
c v o l v c d  t h e s e  p r c j e c t s ,  o u r  t h e o r i e s ,  a n d  o u r
rncthodo ogics. This al t ic e descr ibes the evolut ion ol  a
parl lc! lnr hadwarcAoltware techno ogy developed for
uEe $, i thin an lnlro levcl  nstronomy clnssroom, but,
more lhan lhal ,  i l  a so chronic cs thc drnrnat ic shi t ts in
l h l n k l n g  r e l a t e d  t o  p c d . 1 S o g l c a  . r n d  c u r r  c u l u m
struct l rres developed over lhe co!rse oi  the st !dy. Wc
argue thai this des gn based research gocs bcyond
succes! ive l lerat ionr of iormat vc evnluat ion to inrprove
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