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Abstrac t 

This study examined the effects of peer collaboration and 
investigate d discours e activit y employe d b y successfu l  an d 
unsuccessfu l  learner s i n th e domai n o f  biologica l  evolution . 
Participant s include d 10 8 student s fro m grade s 9  an d 1 2 
assigne d t o fou r  conditions ;  individual-assimilation ,  peer -
assimilation ,  individual-conflict ,  an d peer-conflict .  Dependin g 
on th e condition ,  student s wer e aske d t o thin k alou d o r 
discus s wit h thei r  peer s eigh t  scientifi c  statement s presente d 
i n th e orde r  whic h eithe r  maximize d o r  minimize d conflict . 
Severa l  measure s o f  prio r  knowledg e an d posttes t  conceptua l 
chang e measure s wer e obtained .  Ther e wer e n o significan t 
peer  effect s o n conceptua l  change ;  a  numbe r  o f  interactio n 
effect s indicate d tha t  pee r  collaboratio n wa s beneficia l  fo r 
olde r  student s an d whe n conflic t  wa s maximized .  Indept h 
analyse s o f  discours e activit y wer e conducte d fo r  fou r 
successfu l  an d fou r  unsuccessfu l  leamer s base d o n posttes t 
gai n scores .  Unsuccessfu l  leamer s tende d t o assimilat e 
informatio n fro m thei r  peer s a s i f  i t  wer e somethin g atead y 
known .  Conversely ,  successfu l  leamer s wer e engage d i n 
problem-centre d discours e move s treatin g ne w informatio n 
fro m thei r  peer s a s somethin g problemati c whic h require s 
explanation .  Contrast s betwee n group s indicate d significan t 
difference s i n problem-centre d discours e moves . 

A c o m m o n approac h t o fosterin g scientifi c  understandin g 

i s t o encourag e student s t o m a k e thei r  idea s explici t  an d t o 

compar e thei r  idea s t o thos e o f  thei r  peers .  I t  i s  believe d 

tha t  engagin g student s i n scientifi c  discours e wil l  hel p 

the m examin e thei r  o w n perspectives ,  evaluat e alternativ e 

conceptions ,  an d identif y conflic t  whic h coul d the n lea d t o 

conceptua l  chang e (Lonning ,  1993 ;  Mandl ,  D e Corte , 

Bennett ,  &  Frederich ,  1990 ;  Palincsar ,  Anderso n &  David , 

1993) . 

Despit e m u c h enthusias m wit h collaborativ e scienc e 

learning ,  empirica l  finding s o n th e efficac y o f  pee r 

interactio n i n conceptua l  chang e hav e bee n equivocal : 

ideationa l  confrontatio n i s effectiv e wit h th e olde r  students , 

but  no t  th e younge r  one s (Champagne ,  Gunstone ,  Klopfer , 

1985) ;  conflic t  i s  ofte n undetecte d (Dreyfus ,  Jungwirth ,  & 

Eliovitch ,  1990) ;  an d socia l  norm s ten d t o outweig h 

theory-evidenc e coordinatio n i n pee r  learnin g (Pintrich , 

Marx ,  &  Boyle ,  1993) .  A  them e o f  emergin g interes t  i n 

collaborativ e scienc e learnin g i s h o w student s tal k abou t 

scienc e (Lemke ,  1990) .  Researc h o n discours e processe s 

has show n considerabl e difference s i n h o w student s 

approac h collaborativ e learnin g situations :  M a n y student s 

engag e i n som e kin d o f  colloquia l  discours e usin g 

debilitatin g strategie s (Eichinge r  &  Anderson ,  1992) ; 

conversely ,  other s construc t  collaborativ e explanation s i n 

negotiatin g thei r  convergen t  understandin g (Roschelle , 

1993) .  Ther e i s a  nee d t o examin e h o w student s construc t 

knowledg e i n collaborativ e scienc e learning . 

Increase d attentio n ha s n o w bee n give n t o constructiv e 

activit y i n scienc e learnin g (Chi ,  d e Leeuw ,  Chiu ,  & 

LaVancher ,  i n press) .  Researc h o n knowledg e buildin g ha s 

identifie d tw o contrastin g approache s t o leaming-problem -

minimizatio n versu s problem-centre d learnin g (Bereite r  & 

Scardamalia ,  1993) .  Wherea s som e student s simpl y 

assimilat e o r  rejec t  n e w informatio n t o minimiz e belie f 

revision ,  other s emplo y a  problem-centre d approach , 

treatin g n e w informatio n a s somethin g problemati c whic h 

need s t o b e explained .  Students '  problem-centre d approac h 

t o integratin g tex t  informatio n ha s bee n show n t o b e a n 

importan t  predicto r  o f  posttes t  learnin g (Cha n &  Bereiter , 

1992 ;  Chan ,  Burtis ,  Scardamalia ,  &  Bereiter ,  1992 ) 

Sinc e informatio n fro m peer s need s t o b e processe d an d 

interpreted ,  i t  follow s tha t  discours e move s ca n b e 

conceptualize d a s a  kin d o f  collaborativ e constructiv e 

activit y an d analyze d base d o n th e framewor k o f  problem -

centre d learning .  Instea d o f  merel y assimilatin g o r  refutin g 

th e pee r  responses ,  student s usin g problem-centre d 

discours e move s jointl y identif y difficultie s i n wha t  thei r 

peer s say ,  formulat e problem s int o question s o f  enquiry , 

and engag e i n collaborativ e explanation .  I f  conceptua l 

chang e involve s learnin g o f  ontologicall y incompatibl e 

concept s (Chi ,  Slotta ,  &  d e Leeuw ,  1994) ,  problem-centre d 

discours e move s m a y b e importan t  becaus e the y enabl e 

student s t o avoi d equatin g n e w concept s wit h prio r 

conceptions ,  t o recogniz e difficultie s wit h th e statu s o f  th e 

n e w concepts ,  an d t o collaborativel y construc t  wha t  the y 

nee d t o understand . 

Thi s stud y examine d collaborativ e scienc e learnin g i n th e 

contex t  o f  h o w studen t  dyad s jointl y proces s tex t 

informatio n whic h contradict s wha t  the y believe .  Th e 

domai n o f  investigatio n i s biologica l  evolution .  Th e firs t 

goa l  wa s t o examin e whethe r  pee r  collaboratio n foster s 

deepe r  processin g activit y an d conceptua l  change ,  b y 
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comparin g a n individua l  an d a  pee r  condition .  I n addition , 

comparison s wer e als o mad e betwee n tw o differen t  ag e 

groups ,  an d tw o grouping s i n whic h conflic t  wa s eithe r 

maximize d o r  minimized .  Th e secon d goa l  wa s t o 

characteriz e h o w successfu l  an d unsuccessfu l  learner s 

differe d i n thei r  constructiv e discours e activit y i n 

collaborativ e learning .  Specifically ,  w e sough t  t o examin e 

whethe r  successfu l  student s engage d i n mor e problem -

centre d discours e move s i n collaborativ e knowledg e 

construction . 

Method 

Subject s 

Participant s include d 10 8 students ,  5 4 i n grad e 9  an d 5 4 

i n grad e 1 2 fi-om a  suburba n hig h school .  The y ha d n o 

previou s forma l  instructio n i n evolution ,  an d student s 

holdin g a  creationis t  vie w wer e no t  include d i n th e study . 

Test Material 

Thi s pape r  wa s base d o n a  large r  stud y designe d t o 

examin e th e effect s o f  conflictua l  informatio n o n 

conceptua l  change .  A  computer-base d connectionis t 

methodolog y wa s develope d t o provid e a  systemati c wa y 

t o presen t  student s wit h scientifi c  informatio n a t  differen t 

degree s o f  discrepanc y from  thei r  belief s (fo r  details ,  se e 

Chan &  Bereiter ,  1992) .  Thre e group s o f  unit s wer e 

included :  (a )  fou r  "factor-statement "  units ,  (b )  eigh t 

"specific-statement "  units ,  an d (c )  eigh t  "probe-statement " 

units .  I n th e experiment ,  student s wer e aske d t o rat e o n a n 

11-poin t  scal e th e importanc e o f  fou r  facto r  statement s 

abou t  evolution :  (1 )  Purpose-Evolutio n i s directe d b y 

need s an d purpose s o f  anima l  species ;  (2)Battle~Evolutio n 

i s a  battl e o f  stronge r  specie s killin g of f  weake r  ones ;  (3 ) 

Environmenta l  Determinism—Evolutio n depend s o n 
change s whic h occu r  i n th e environment ;  (4 )  Chance -

Evolutio n depend s o n change s whic h first  occu r  b y chance . 

Students '  ratings ,  whic h indicate d thei r  conceptions ,  wer e 
entere d a s input s t o a  competitiv e activatio n networ k wher e 

output s wer e th e activatio n level s o f  a  se t  o f  eigh t  "probe " 

statements—scientifi c  informatio n whic h contradict s 

students '  naiv e conception s (e.g. ,  N e w characteristic s aris e 

firs t  b y chance ,  no t  b y needs .  Rando m change s i n geneti c 
materia l  throug h mutatio n o r  geneti c recombinatio n 

produc e ne w variation s whethe r  animal s nee d the m o r 

not) .  Activatio n o f  th e networ k allow s eac h student' s 

pattern s o f  agreemen t  an d disagreemen t  t o th e fou r  factor s 

t o b e use d t o identif y whethe r  h e o r  sh e wil l  agre e wit h th e 

prob e statements .  Accordingly ,  th e experimente r  coul d 

systematicall y provid e th e studen t  wit h prob e statement s 

whic h were ,  i n varyin g degrees ,  congruen t  o r  contradictor y 

t o hi s o r  he r  beliefs . 

Conditions 

Student s wer e randoml y assigne d t o on e o f  th e fou r 
conditions :  (a )  individual-assimilation ,  (b )  peer -

assimilation ,  (c )  individual-conflict ,  an d (d )  peer-conflict . 

Studen t  dyad s from  th e sam e grad e leve l  rea d th e 

statement s togethe r  t o negotiat e thei r  understandin g o f 

evolution ;  n o elaborat e instructio n wa s give n o n 

collaboratio n strategies .  Sinc e mos t  student s hel d simila r 

intuitiv e conceptions ,  the y wer e no t  groupe d accordin g t o 

difference s i n conceptions .  Student s i n th e individua l 

conditio n wer e aske d t o rea d an d thin k alou d abou t  th e 

statements .  I n th e conflic t  conditions ,  student s wer e 

presente d wit h eigh t  scientifi c  (probe )  statement s i n th e 

orde r  whic h wa s maximall y conflictua l  t o thei r  beliefs ;  i n 

th e assimilatio n conditions ,  th e orderin g o f  statement s wa s 

maximall y congruent . 

Procedure 

Pretest. Students were asked to (a) tell what they know 

abou t  evolution ;  (b )  rat e eigh t  specifi c  statements ;  (c )  rat e 

fou r  facto r  statements .  Studen t  dyad s wer e assesse d 

individuall y o n th e first  tw o tasks ,  an d the y worke d 

togethe r  o n th e thir d one . 

Experiment. Students were presented with eight scientific 

statements ,  on e a t  a  time ,  an d aske d t o thin k alou d o r 

discus s th e ne w information .  The y wer e the n give n th e 

opportunit y t o revis e thei r  rating s o f  th e fou r  facto r 

statements .  Thi s procedur e wa s followe d unti l  al l  eigh t 

prob e statement s ha d bee n presented .  Studen t 

verbalization s wer e tap e recorde d an d transcribe d verbati m 

fo r  analyses . 

Posttest. Students' posttest learning was assessed by 

askin g the m t o (a )  finaliz e th e rating s o f  th e fou r  facto r 

statements ,  (b )  summariz e thei r  understandin g o f  evolution , 

(c )  tel l  wha t  els e the y di d no t  understand ,  (c )  answe r  tw o 
applicatio n questions ,  an d (d )  re-rat e th e eigh t  specific -

statements .  Al l  excep t  th e first  tas k wer e administere d 

individually . 

Measures 

Knowledge-Processing Activity. Students' verbal 
response s t o eac h prob e statemen t  wer e blin d rate d fo r 

knowledge-processin g activit y o n a  5-poin t  scale :  (l)Sub -

Assimilatio n -  reac t  t o ne w informatio n a t  a n associativ e 

level ;  (2 )  Assimilatio n -  reject ,  ignore ,  o r  conflat e ne w 

informatio n wit h existin g beliefs ;  (3 )  Comprehensio n -

paraphras e an d as k surfac e questions ;  (4 )  Implici t 

Knowledg e Buildin g conside r  ne w informatio n a s 

somethin g problemati c whic h need s t o b e explained ;  an d 
(5 )  Explici t  Knowledg e Buildin g -  accumulat e ne w 

informatio n t o construc t  domai n understanding .  Verba l 

response s from  studen t  dyad s wer e code d separately ; 
codin g wa s base d o n th e utteranc e whic h showe d th e 

highes t  leve l  o f  knowledge-processin g activity .  Inter-rate r 
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reliabilit y  i s  0.8 5 fo r  th e individua l  conditio n an d 0.8 1 fo r 

th e pee r  condition . 

Knowledge Quality (Qualitative Measure). Posttest 

learnin g o n summary ,  wonderments ,  near-applicatio n an d 

far-applicatio n wa s rate d o n a  5-poin t  scal e rangin g from 

intuitive ,  mixe d t o scientifi c  understanding .  Th e inter-rate r 

reliabilit y  fo r  thes e fou r  measure s range d from  0.8 6 t o 

0.95 . 

p<.05 )  o n thi s negotiate d score .  Th e resul t  indicate s tha t 

peer s performe d bette r  tha n individual s i n th e conflic t 

condition .  N o significan t  pee r  effect s wer e obtaine d fo r 

th e specific-statemen t  ratings . 

Take n together ,  thes e finding s sho w tha t  pee r 

collaboratio n i n itsel f  di d no t  promot e higher-leve l 

processin g activit y o r  posttes t  conceptua l  change .  I t  was , 

however ,  mor e advantageou s fo r  olde r  student s an d i n 

situation s whe n conflic t  wa s maximized . 

Specifi c  Statemen t  an d Facto r  Statemen t  Rating s 

(Quantitativ e Measures) .  Studen t  rating s o n th e eigh t 

specifi c  statement s (11-poin t  scale )  wer e obtaine d a t  pr e 

and posttests .  Rating s o n th e fou r  factor-statement s (11 -

poin t  scale )  wer e als o obtaine d a t  pre-posttests ,  an d o n 

eac h occasio n whe n student s wer e presente d wit h a  ne w 

prob e statement . 

Results 

Peer Collaboration and Knowledge-Processing 

Activit y 

A thre e w a y A N O V A (Grad e x  Pee r  x  Conflict )  o n mea n 

knowledge-processin g rating s showe d n o significan t  pee r 

effects ;  significan t  grad e an d conflic t  effect s wer e obtained . 

Furthe r  analyse s o f  th e proportion s o f  differen t  level s o f 

knowledge-processin g response s indicate d significan t 

effect s fo r  decrease d assimilativ e (F(l,100 )  =  4.76 ,  2 < 0 5 ) 

and increase d comprehensio n ( F (1,100 )  =  8.58 ,  Q'̂ .Ol ) 

activit y favorin g pee r  group ;  n o difference s i n high-leve l 

knowledge-buildin g activit y wer e obtained .  Ther e wer e n o 

interactio n effects . 

Peer Collaboration and Conceptual Change 

Peer Collaboration and Knowledge Quality. The four 

posttes t  qualitativ e measure s wer e combine d t o produc e a 

singl e composit e score ,  calle d Knowledg e Quality ,  usin g 

principa l  componen t  analysis .  A  three-wa y A N O V A 

(Grad e x  Pee r  x  Conflict )  o n knowledg e qualit y showe d n o 

peer  effect s althoug h ther e wa s a  tren d favorin g grad e 1 2 

i n pee r  conditions .  Correspondin g analyse s o f  individua l 

score s showe d a  significan t  peer-by-grad e interactio n effec t 

fo r  summar y ( F (1,100 )  =  5.34 ,  E<.05 )  an d a  marginall y 

significan t  peer-by-grad e interactio n effec t  fo r  near -

applicatio n ( F (1,100) = 2.89 ,  2  =.08).Th e result s sugges t 

tha t  grad e 1 2 student s performe d bette r  i n th e pee r 

conditio n bu t  th e effect s wer e absen t  i n grad e 9 . 

Peer Collaboration and Belief-Change Ratings. A three-

w ay A N C O VA (Pee r  x  Grad e x  Conflict )  o n posttes t  facto r 

statemen t  rating s controllin g fo r  pretes t  rating s showe d n o 

significan t  mai n effects .  However ,  a  significan t  peer-by -

conflic t  interactio n effec t  wa s obtaine d ( F (1,100 )  =  4.25 , 

Discours e Pattern s o f  Successfu l  a n d Unsuccessfu l 

Learner s 

Qualitative Analysis. The preceding results suggest that 

onl y som e student s benefite d from  pee r  collaboration .  I t 

woul d therefor e b e importan t  t o examin e wha t  successfu l 

and unsuccessfu l  student s d o differentl y i n collaborativ e 

learning .  I n th e initia l  analysis ,  a n overal l  scor e wa s give n 

t o students '  knowledge-processin g activit y i n integratin g 

tex t  information .  T o examin e h o w student s co-construc t 

knowledge ,  indept h analyse s wer e conducte d t o analyz e 

thei r  discours e move s base d o n th e framework  o f  problem -

centre d learning .  Problem-centre d discours e move s ar e 

operationalize d a s an y utterance s whic h trea t  informatio n 

from  peer s an d text s a s problematic ,  i n nee d o f 

explanation .  Thes e response s d o no t  includ e unelaborate d 

questions ,  simpl e request s fo r  help ,  o r  refutatio n withou t 

identifyin g sourc e o f  difficulties .  Excerpt s from  tw o dyads , 

eac h followe d b y a n interpretation ,  provid e example s o f 

problem-centre d discours e moves .  A s well ,  the y sho w ho w 

successfij l  an d unsuccessfu l  learner s approac h th e 

collaborativ e learnin g situation . 

Dyad #1 

Prob e Statement :  A n anima l  canno t  evolv e b y adaptin g t o 

it s environment .  I t  i s  th e environmen t  whic h select s th e 

well-adapte d animals .  A  dee r  canno t  choos e t o evolv e lon g 

leg s althoug h lon g leg s ar e importan t  fo r  survival .  Som e 

deer ,  however ,  ma y b e b o m wit h longe r  leg s whic h allo w 

the m t o ru n faster .  Thes e individual s hav e a  bette r  chanc e 

of  surviva l  an d leav e mor e offspring . 

SI A: Maybe there is something to do with genes with 

th e lon g legs ,  s o a  dee r  canno t  choos e t o hav e lon g 

legs .  However ,  the y m a y b e bor n wit h longe r  legs .  So , 

tha t  m a y b e chance .  So ,  [nam e o f  student] ,  doe s i t 

hav e somethin g t o d o wit h chance ? I s i t  possibl e tha t 

thi s car d ha s a  doubl e meaning ? (#1 ) 

SIB :  Probably .  Th e dee r  tha t  ar e bor n wit h longe r 

leg s hav e a  bette r  chanc e o f  survival .  I t  doe s hav e 

somethin g t o d o wit h chance .  (#2 ) 

SI  A :  Bu t  chanc e (car d 4 )  i s prett y hig h u p already , 

woul d yo u wan t  t o chang e it ? (#3 ) 

SIB :  I  thin k i t  i s  goo d (#4 ) 

SI  A :  /  thin k i t  i s  fine .  I s ther e a  righ t  o r  wron g 
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answe r  t o it ? (#5 ) 

SIB :  Di d w e ge t  an y right ? (#6 ) 

In this example, SI A initiated a problem-centred move 

and requeste d informatio n from  hi s pee r  (#1) .  Interestingly , 

eve n thoug h hi s statemen t  consiste d o f  ne w informatio n 

whic h wa s differen t  from  wha t  S I B believed ,  th e 

differenc e wa s no t  recognized .  Instea d o f  treatin g thi s ne w 

piec e o f  informatio n a s problemati c an d attemptin g t o 

explai n wha t  wa s said ,  S I B responde d b y givin g a  simpl e 

tex t  paraphras e (#2) .  Simila r  t o direc t  assimilatio n o f  ne w 

tex t  information ,  S I B equate d wha t  S I  A  sai d abou t 

'chance '  wit h hi s everyda y understandin g (Som e dee r  hav e 

a bette r  chanc e o f  survival) .  Interestingly ,  SIB' s utterance , 

whic h shoul d hav e cause d som e proble m o r  conflic t  fo r 

SI  A ,  wa s simpl y ignored .  S I  A  responde d wit h a 

superficia l  move ,  treatin g SIB' s respons e a s satisfactor y 

(#3) .  Enquir y wa s terminate d an d th e proble m wa s 

apparentl y settled .  Th e las t  fe w move s (#4-#6 )  sugges t  tha t 

th e tw o student s wer e merel y concerne d wit h a  task -

completio n activity-gettin g th e correc t  ratings . 

Dvad #2 

T wo excerpt s wer e take n from  anothe r  dya d w h o 

demonstrate d considerabl e succes s i n advancin g thei r 

knowledg e i n thei r  discourse . 

S2A: I'm not sure if it's a moth, but they noticed 

somethin g tha t  becam e pitc h black .  (#1 ) 

S2B:  I t  becam e pitc h blac k becaus e o f  what ? (#2 ) 

S2A:  I t  develope d a  darke r  colo r  becaus e th e pollutio n 

affecte d th e moth .  I  gues s th e cell s g o throug h a  colo r 

change .  S o thi s shoul d b e highe r  [Car d 3  -

environmen t  card] .  (#3 ) 

S2B:  Bu t  thi s [text ]  i s  saying ,  basically ,  i t  i s  no t 

dependen t  o n th e environment .  (#4 ) 

S2A:  N o yeah .  Wai t  (rerea d text) .  See ,  i f  thi s i s  true , 

I  fin d tha t  difficul t  t o agre e wit h thi s [text ]  becaus e i f 
ther e i s som e environmenta l  change ,  i t  wil l  kil l  th e 

species .  I  don' t  know .  (#5 ) 

In response to the probe statement, S2A recalled her 

prio r  knowledg e (#1) .  S 2 B initiate d a  problem-centre d 

move b y askin g S2 A t o explai n th e dat a (# 2 ~  becaus e o f 

what?) .  S 2 A explaine d an d constructe d he r  argumen t  i n 

favo r  o f  environmenta l  chang e (#3) .  S2 B disagree d b y 

pointin g ou t  th e discrepanc y betwee n S2A' s explanatio n 
and th e ne w informatio n (#4) .  A  problem-centre d mov e 

was code d becaus e Dya d #2 ,  unlik e Dya d # 1 w h o ignore d 

ne w informatio n fro m peers ,  demonstrate d a  carefu l  uptak e 

of  informatio n a s S 2 A identifie d th e sourc e o f  difficult y 

(text )  whic h pose d a  proble m t o b e explained .  Instea d o f 

assimilatin g th e ne w informatio n o r  providin g a 

justificatio n t o defen d he r  claim ,  S 2 A responde d wit h 

anothe r  problem-centre d mov e b y tryin g t o dea l  wit h th e 

conflictua i  informatio n pose d b y he r  pee r  (#5) .  Sh e re-rea d 

th e informatio n {no ,  wait )  an d identifie d th e knowledg e 

conflic t  { 1 find  i t  difficul t  t o agre e wit h thi s because )  eve n 

thoug h sh e di d no t  hav e enoug h informatio n t o resolv e th e 

proble m then .  I n treatin g thei r  peer' s response s a s 

problem s tha t  neede d t o b e deal t  with ,  th e dya d continue d 

t o mak e progres s i n thei r  discourse . 

S2A: So, first, what they are saying is that it cannot 

evolv e b y adapting...Oh ,  I  see .  (#6 ) 

S2B:  I  don't .  (#7) . 

S2A:  Yo u don't .  O K .  Wha t  the y ar e saying ,  first,  the y 

ar e sayin g th e environmen t  doe s no t  affec t  th e 

adaptatio n o f  th e animal .  I f  th e anima l  someho w 

changes ,  the n du e t o it s environment ,  i t  migh t  survive . 

I  thin k that' s wha t  the y ar e saying .  Ther e i s alway s 

thi s conflic t  o f  whethe r  i t  i s  environmen t  o r  need s 

whic h caus e change ,  an d I  se e tha t  scientist s sa y it' s 

by chanc e an d tha t  .. .  wha t  d o yo u think ? (#8 )  ... . 

S2B:  Well ,  it' s  jus t  th e fac t  tha t  I  stil l  thin k th e 

environmen t  ha s a n effec t  o n evolution ,  an d i t  (text )  i s 

sayin g tha t  it' s  not .  (#9 ) 

S2A:  I n a  way ,  I  a m startin g t o ge t  convince d wit h 

this .  Jus t  thin k abou t  i t  thi s way .  I f  th e environmen t 

happen s t o b e a  rock y terrain ,  an d yo u hav e a n 

anima l  lik e a  goa t  whic h climb s u p th e rock y terrain . 

Well ,  let' s  say ,  it' s  som e sor t  o f  goa t  bor n i n a  sand y 

terrain ,  i t  probabl y woul d no t  survive .  So ,  i n othe r 

words ,  th e bes t  environmen t  th e anima l  woul d surviv e 

i s th e bes t  suite d environment ,  right ? Bu t  th e 

environmen t  doe s no t  hav e t o necessaril y  chang e fo r 

th e animal s t o chang e alon g wit h it .  I s  thi s wha t  the y 

ar e saying ? (#10 ) 

The second excerpt was based on the dyad's responses 

t o a  late r  prob e statement .  A s S 2 A starte d t o proces s th e 

tex t  informatio n (#6) ,  S 2 B responde d b y acknowledgin g 

her  lac k o f  understandin g (#7) .  Thes e tw o utterance s wer e 

not  code d a s problem-centre d move s base d o n ou r  schem e 

becaus e the y wer e simpl y tex t  paraphrase s an d request s fo r 

help .  S 2 A the n too k th e opportunit y t o elaborat e an d 
explai n th e ne w informatio n t o S2B .  I t  i s  interestin g t o 

not e tha t  a s S 2 A explained ,  sh e the n detecte d a  proble m 

wit h he r  understanding—th e conflic t  betwee n differen t 

hypotheses-an d thu s generate d anothe r  problem-centre d 

move (#8) . 
As th e discussio n continued ,  thi s studen t  dya d continue d 

t o deepe n th e discours e b y posin g problem s t o eac h other . 

At  a  late r  poin t  i n time ,  S 2 B state d tha t  sh e stil l  ha d thi s 

lingerin g doub t  abou t  th e rol e o f  environment ,  whic h 

seemed t o b e differen t  from  wha t  th e scientist s sai d (#9) . 

S2B' s problem-centre d m o v e the n elicite d S2A' s elaborat e 

explanatio n o n environmenta l  selection .  Again ,  S 2 A di d 

not  see m t o conside r  he r  explanatio n a s definitiv e a s sh e 

onc e agai n subjec t  he r  understandin g t o join t  enquir y 
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(#10) .  I n employin g problem-centre d discours e moves , 

thes e tw o student s recognize d difficulties ,  sough t  ou t 

discrepancies ,  elicite d an d helpe d eac h othe r  construc t 

explanations . 

Quantitative Analysis. Analyses were conducted to 

contras t  th e discours e pattern s o f  successfu l  an d 

unsuccessfu l  learner s t o examin e whethe r  problem-centre d 

moves ar e relate d t o learning .  Base d o n students '  gai n 

score s o n factor-statemen t  ratings ,  tw o highest-achievin g ( 4 

H A)  an d tw o lowest-achievin g dyad s ( 4 L A )  wer e selecte d 

fo r  indept h analyses . 

Studen t  verbalization s acros s th e eigh t  prob e statement s 

wer e individuall y code d fo r  problem-centre d moves .  Th e 

mean numbe r  o f  utterance s wer e 46. 8 an d 61. 5 fo r  th e 

high-achievin g an d low-achievin g grou p respectively .  Th e 

high-achievin g student s mad e fewe r  bu t  mor e elaborat e 

response s wherea s th e low-achievin g one s produce d man y 

mor e shor t  utterances .  Th e mea n numbe r  o f  problem -

centre d move s wer e 14. 2 fo r  th e high-achievin g grou p an d 

2. 0 fo r  th e low-achievin g grou p (t(6 )  =  2.9 ,  e<.05) .  Th e 

differenc e i s mor e pronounce d whe n proportio n rathe r  tha n 

frequency  i s use d i n th e analysi s ( t  (6 )  =  3.6 ,  e<.02) .  Thes e 

result s sugges t  tha t  successfii l  student-dyad s generate d 

mor e problem-centre d discours e move s i n collaborativ e 

knowledg e construction . 

Discussion 

Thi s stud y examine d constructiv e learnin g activit y i n 

collaborativ e scienc e learning .  Simpl y puttin g student s 

togethe r  i s no t  necessaril y  beneficial .  Althoug h peer s 

engage d i n mor e text-comprehensio n activitie s tha n 

individuals ,  ther e wer e n o difference s i n dee p knowledge -

processin g activit y o r  posttes t  learning .  Surface -

constructiv e activitie s suc h a s paraphrase s m a y no t  b e 

effectiv e i n promotin g scienc e learnin g (Ch i  e t  al. ,  i n 

press) . 

Consisten t  wit h th e positiv e effect s fo r  mor e advance d 

student s (Champagn e e t  al. ,  1985) ,  th e olde r  student s i n 

thi s stud y benefite d mor e from  pee r  collaboration .  Ther e 

wer e n o pretes t  prior-knowledg e differences ;  th e results , 

therefore ,  sugges t  tha t  olde r  student s wer e engage d i n 

differen t  sort s o f  constructiv e discours e activities ,  whic h 

facilitate d thei r  learning .  Th e peer-by-conflic t  effec t  o n th e 

negotiate d scor e provide s som e suppor t  fo r  th e cognitiv e 

conflic t  hypothesis ;  cautio n need s t o b e take n sinc e th e 

effect s wer e no t  carrie d ove r  t o th e individua l  tasks . 

Detaile d analyse s ar e require d t o examin e constructiv e 

discours e activit y i n respons e t o contradictor y information . 

Analysi s o f  th e discours e activit y o f  successfu l  an d 

unsuccessfu l  learner s showe d th e differen t  way s i n whic h 

the y approache d th e learnin g task .  Th e successfii l  studen t 

dyad s wer e foun d t o engag e i n mor e problem-centre d 

discours e moves—recognizin g difficulties ,  identifyin g 

problems ,  an d constructin g explanations .  S o m e feature s o f 

problem-centre d discours e move s hav e bee n absfracte d t o 

she d ligh t  o n w h y the y m a y b e effectiv e i n collaborativ e 

scienc e learning . 

Problem Recognition. Student varied in the extent to 

whic h the y attende d t o wha t  thei r  peer s said .  Fo r  example , 

Dyad # 1 di d no t  understan d wha t  eac h othe r  wer e saying ; 

the y conflate d informatio n from  thei r  peer s an d equate d i t 

as somethin g alread y k n o w n (e.g. ,  chance) .  Conversely , 

successfu l  student s wer e o n th e look-ou t  fo r  discrepancy , 

inconsistenc y an d lingerin g doubts .  No t  onl y di d Dya d # 2 

attemp t  t o understan d wha t  eac h othe r  said ,  the y als o 

activel y sough t  ou t  problem s i n wha t  wa s sai d i n relatio n 

t o th e ne w information .  Proble m recognitio n m a y pla y a 

rol e i n th e learnin g o f  incompatibl e concept s (natura l 

selection ,  i n thi s  case) :  I t  help s student s t o refrai n from 

direc t  assimilation ,  t o identif y source s o f  difficulties ,  an d 

t o creat e meaningfu l  interna l  conflic t  base d o n th e 

contradictor y information . 

Problem Representation. It is now commonly accepted 

tha t  expert s represen t  problem s a t  a  deepe r  level ,  wherea s 

novice s atten d onl y t o th e surfac e feature s (Chi ,  Glase r  & 

Farr ,  1988) .  Consisten t  wit h researc h o n discours e 

processe s (Roschelle ,  1993) ,  th e presen t  findings  sho w tha t 

th e exper t  an d novic e learner s differe d i n th e kind s o f 

problem s the y chos e t o wor k on .  Dya d # 1 seeme d 

concerne d wit h th e litera l  feature s o f  th e tex t  an d th e 

correctnes s o f  ratings .  Dya d #2 ,  however ,  wer e tacklin g a 

deepe r  proble m o f  domai n understandin g a s the y pondere d 

th e relativ e importanc e o f  conflictin g explanator y model s 

{Ther e i s alway s thi s conflic t  o f  whethe r  i t  i s  environment , 

needs ,  o r  chance?) .  Althoug h th e constructio n o f  dee p 

problem s doe s depen d o n prio r  knowledge ,  th e exper t 

learner s wer e abl e t o m o v e toward s deepe r  understandin g 

by activel y constructin g connection s amon g discordan t 

piece s o f  tex t  information . 

Problem-Centred Explanation. As students engaged in 

proble m recognitio n an d proble m formulation ,  i t  le d t o 

anothe r  positiv e effec t  -  elicitatio n o f  explanation s fo r  sel f 

and peers .  Th e presen t  dat a ar e consisten t  wit h th e finding s 

on th e effect s o f  self-explanation s (Ch i  e t  al. ,  i n press) ; 

problem-centre d move s ar e on e for m o f  constructiv e 

activit y whic h m a y hel p elici t  self-explanations .  Evidently , 

student s m a y generat e inaccurat e explanation s i n scienc e 

learnin g du e t o incompatibl e prio r  knowledge . 

Nevertheless ,  thos e w h o emplo y problem-centre d move s 

m ay benefi t  mor e compare d t o thos e w h o provid e one-sho t 

explanatio n t o justif y thei r  belief s o r  t o refiit e discrepan t 

argument s from  thei r  peers .  I n viewin g thei r  knowledg e a s 

problemati c an d a s requirin g explanations ,  student s ar e 

engage d i n a n ongoin g proces s o f  proble m recognitio n an d 

conflic t  resolution .  Eve n i f  the y hav e constructe d 

inaccurat e explanation s (e.g. ,  S2A ,  move s # 3 &  #5) ,  the y 
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ar e mor e likel y t o detec t  anomalie s i n upcomin g 

informatio n an d revis e thei r  model s continually . 

I t  m a y b e sai d tha t  th e abov e analysi s ha s no t  take n 

accoun t  o f  th e powerfu l  role s o f  socia l  norm s an d 

structure s amon g hig h schoo l  students .  Social-contextua l 

variable s ma y indee d b e importan t  i n scienc e learning ;  thi s 

study ,  however ,  ha s focuse d o n examinin g wha t  discours e 

activit y facilitate s co-constructio n o f  knowledge .  Althoug h 

i t  i s  usefu l  t o hav e student s tal k abou t  science ,  th e benefit s 

probabl y ste m fro m th e kind s o f  constructiv e activit y 

undertake n i n collaborativ e leaming-wha t  kin d o f  tal k 

promote s learning . 

Thi s stud y employ s a  cognitiv e constructivis t  perspectiv e 

t o examin e collaborativ e scienc e learning .  Extendin g earlie r 

findings  o n problem-centre d learnin g (Bereite r  & 

Scardamalia ,  1993 ;  Cha n e t  a!. ,  1992) ,  ther e i s evidenc e 

suggestin g th e positiv e effect s o f  problem-centre d 

discours e activit y o n subsequen t  learning .  I n orde r  t o hel p 

student s mov e from  colloquia l  t o productiv e discourse , 

ther e i s a  nee d t o encourag e student s t o see k ou t 

knowledg e conflict ,  formulat e productiv e questions ,  an d 

construc t  explanation s i n collaborativ e problem-centre d 

enquiry . 
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