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A b s t r a c t 

Recent research in science education has shown that 
student s frequentl y fai l  t o understan d scientifi c 
concept s an d principles ,  e.g. ,  photosynthesis .  I n th e 
presen t  study ,  elementary-schoo l  age d childre n wer e 
traine d i n h o w t o conduc t  a  collaborativ e inquir y int o 
photosynthesis .  Concep t  map s an d comprehensio n 
pretes t  an d posttest s wer e use d t o asses s th e effect s o f 
th e training .  Student s w h o ha d receive d th e trainin g 
had concept s map s whic h containe d significantl y mor e 
accurat e scientifi c  relationa l  link s depictin g a  mor e 
functiona l  understandin g o f  photosynthesis ,  an d the y 
retaine d mor e subjec t  matte r  knowledg e tha n th e 
student s w h o di d no t  receiv e th e training .  Th e researc h 
support s th e importanc e o f  inquir y trainin g t o 
facilitat e conceptua l  understandin g o f  scientifi c 
knowledg e an d emphasize s th e usefulnes s o f 
conceptua l  mappin g technique s a s evaluativ e measure s 

of  students '  conceptua l  change. ^ 

Organization of knowledge: Its effect 

o n accessibilit y a n d u s e o f  k n o w l e d g e 

Ideally, individuals should be able to access and 
utiliz e thei r  knowledg e whe n necessary .  I n practic e 
thi s doe s no t  happen ;  acquire d knowledg e doe s no t 
guarante e tha t  i t  wil l  b e accesse d (Bransford , 
Sherwood ,  Vye ,  &  Rieser ,  1986 ;  Ch i  &  Ceci ,  1987) . 
One solutio n t o thi s problem ,  develope d b y researcher s 
advocatin g th e teachin g o f  thinkin g skills ,  i s  tha t 
student s nee d t o lear n skill s i n orde r  t o acces s an d 
retriev e thei r  knowledg e (Nickerson ,  Perkins ,  & 
Smith ,  1985) .  I n contrast ,  anothe r  explanatio n i s tha t 
th e organizatio n o f  a  person' s knowledg e i s sai d t o b e 
a mor e critica l  facto r  tha n th e exten t  o f  a  person' s 
knowledg e itsel f  (Flavell ,  1971 ;  Prawat ,  1989) .  Th e 
lac k o f  wel l  structure d domai n knowledg e m a y resul t 
i n a  relianc e o n "world "  knowledg e whic h ha s ofte n le d 

^  Preparatio n fo r  dii s  pape r  wa s supporte d b y th e 
James S .  McDonnel l  Foundation . 

t o fault y inferentia l  reasonin g (Gobb o &  Chi ,  1986) . 
Accordingly ,  th e ai m o f  thi s stud y i s t o examin e th e 
effect s o f  inquir y trainin g t o promot e bette r  knowledg e 
structure s b y motivatin g th e "connectivities "  i n 
knowledg e whic h will ,  i n turn ,  enhanc e knowledg e 
accessibilit y  (Prawat ,  1989) .  I f  accessibilit y i s  a 
functio n o f  th e associativ e link s o r  relation s betwee n 
node s (Clancey ,  1990) ,  the n th e tas k i s t o b e abl e t o 
evaluat e th e organizatio n o f  tha t  knowledg e from  bot h 
a conceptua l  an d a  structura l  perspective .  However , 
sinc e w e ca n onl y theoriz e abou t  th e conten t  an d 
structur e o f  a  person' s knowledge ,  w e us e task s 
requirin g tha t  individual s organiz e thei r  knowledg e 
explicitl y  (i.e. ,  thin k alou d methods) .  Thi s stud y use d 
a reasonin g tas k calle d concep t  mapping ,  whic h i s 
believe d t o provid e som e acces s t o th e structur e an d 
conten t  o f  students '  knowledge ,  an d woul d therefor e 
provid e a  measur e o f  students '  shiftin g belief s o r 
conceptua l  chang e i n science . 

The result s presente d i n thi s pape r  ar e take n from  a 
large r  stud y conducte d b y Colema n (1992 )  i n whic h 
th e effect s o f  inquir y trainin g wer e obtained .  Th e 
trainin g wa s designe d t o promot e increase d reflection , 
greate r  discussion ,  an d reasoning ,  whic h wa s foun d t o 
lea d t o mor e coheren t  an d explanator y knowledg e (a s 
measure d b y students '  explanation s an d thei r  concep t 
maps)  an d greate r  retentio n o f  th e subjec t  matter . 
Onl y th e result s fro m th e concep t  mappin g an d 
comprehensio n task s wil l  b e discusse d here .  Th e 
explanatio n dat a wil l  b e reporte d elsewher e (Coleman , 
i n preparation) . 

Metho d 

Subjects and Design 

Subjects were forty-eight students (22 girls and 26 
boys )  enrolle d i n tw o grad e 4/ 5 classe s a t  tw o publi c 
schools ,  withi n a  middl e t o uppe r  clas s socioeconomi c 
range .  O n e wa s locate d i n centra l  Toronto ,  an d th e 
othe r  i n a  subur b o f  Toronto .  Th e student s range d i n 
age from  9. 5 t o 1 1 years .  Al l  student s wer e assigne d 
t o homogeneou s group s (Hig h an d Averag e Intentiona l 
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Learners )  based  o n thei r  response s l o thei r  individua l 
Implici t  Learnin g Theor y Interview .  Th e mai n 

purpos e o f  thi s intervie w wa s t o identif y a  learnin g 
stanc e o r  approac h t o learnin g calle d "Intentiona l 
Learning, "  whic h distinguishe s itsel f  a s a  problem -
centere d rathe r  tha n routine-centere d approac h t o 
learnin g (Bereite r  &  Scardamalia ,  1989) .  I t  wa s 
believe d tha t  b y promptin g students ,  w h o don' t 
naturall y ac t  i n thi s way ,  t o d o so ,  the y woul d perfor m 
mor e similarl y t o Hig h Intentiona l  Learner s an d 
exhibi t  greate r  knowledg e advance s tha n thos e student s 
w ho wer e no t  prompte d t o d o so .  Twelv e student s 
w ho sc(M^ d 8 0 % o r  greate r  o n th e intervie w scal e wer e 
assigne d t o th e Hig h Intentiona l  Learnin g group .  Th e 
remainin g thirty-si x student s wer e the n randoml y 
divide d int o a n Averag e Interventio n grou p 
(experimenta l  group )  an d a n Averag e grou p (High , 
n=12 ;  Average ,  n = 18 ;  Averag e Interventio n group ,  n = 
18) .  Student s withi n eac h Averag e grou p an d th e 
Hig h grou p wer e the n randoml y divide d int o smalle r 
groups ,  eac h containin g thre e member s pe r  group . 

Material s a n d Procedur e 

Comprehension tests on photosynthesis. All 
student s wer e administere d a  comprehensio n pretes t 
and tw o posttest s i n orde r  t o asses s thei r  understandin g 
of  photosynthesi s an d t o verif y tha t  th e group s di d no t 
diffe r  signiHcantl y i n thei r  (prior )  knowledg e o f  th e 
domain .  Th e multiple-choic e forma t  test s range d i n 
difficult y level s o n photosynthesis ,  an d wer e 
constructe d fro m th e material s presente d i n th e 
instructiona l  uni t  an d firo m a  "thin k aloud "  protoco l  o f 
an exper t  botanist' s  descriptio n o f  th e proces s o f 
photosynthesis .  Th e followin g ar e tw o tes t  item s 
take n fro m Posttes t  1  an d th e Alternat e (mor e 
complex )  Posttes t  2  (Rukavina ,  1991) : 

Posttest 1: 
H ow doe s carbo n dioxid e ente r  th e plant ? 

a)  Throug h tin y hole s i n th e leave s 
b)  Throug h th e root s o f  th e plan t 
c )  Throug h th e flowers  o r  bud s o n th e plan t 
d )  Throug h th e ste m 

Alternate Posttest 2: 
I n wha t  seaso n d o tree s mak e th e leas t  amoun t  o f 
food ? a )  winter ;  b )  spring ;  c )  summer ;  d )  fal l 

Concept Mapping. Concept mapping is a 
techniqu e fo r  examinin g specifi c  change s i n conceptua l 
and propositiona l  meanin g (Nova k &  Musonda ,  1991 ) 
and i t  serve s a s a  too l  fo r  examinin g a n individual' s 
structura l  knowledg e (Champagne ,  Klopfer ,  Solomon , 
& Cahn ,  1980 ;  Chi ,  Fellovitch ,  &  Glaser ,  1981 ; 
N o v a k &  Musonda .  1991) .  A  concep t  m a p i s a 
graphi c arrangemen t  o f  a  give n se t  o f  concept s o r 

words .  I t  i s  usuall y depicte d a s a  hierarchica l  networ k 
consistin g o f  concept s (nodes )  an d thei r  relation s t o 
othe r  concept s (links) .  Simila r  t o a  propositiona l 
network ,  th e link s displa y th e natur e o f  th e 
relationship s betwee n th e concepts .  I n orde r  t o 
understan d th e functio n o r  meanin g o f  scientifi c 
concepts ,  on e mus t  understan d th e relation s betwee n 
them .  I t  i s  assume d tha t  th e mor e relation s betwee n 
concept s on e understands ,  th e mor e integrate d th e 
knowledge .  Th e goa l  i s  t o hav e a  well-integrate d 
functiona l  understandin g o f  a  domai n whic h ca n b e 
illustrate d b y th e numbe r  an d typ e o f  vali d concept s 
and relation s depicte d i n th e map . 

Al l  student s learne d a  four-wee k instructiona l  uni t 
calle d "Th e Powe r  Plant "  (Rot h &  Anderson ,  1987 )  o n 
photosynthesi s an d plan t  reproductio n give n b y thei r 
teacher .  Afte r  tw o week s o f  subjec t  matte r 
instruction ,  al l  student s wer e give n a  concep t  m a p an d 
a lis t  o f  relationa l  term s an d aske d t o wor k 
collaborativel y t o labe l  eac h link .  Th e concep t  ma p 
containe d 1 6 node s an d 2 4 non-labele d relation s i n 
total .  Student s wer e the n re-administere d th e sam e 
concep t  map s afte r  tw o additiona l  week s o f 
instruction .  A n "expert "  concep t  m a p o n th e subjec t 
of  photosynthesi s wa s constructe d base d o n a n expert' s 
descriptio n o f  th e proces s o f  photosynthesi s (th e 
exper t  wa s a  professo r  i n th e Botan y Departmen t  a t  th e 
Universit y o f  Toronto) .  Th e exper t  concep t  ma p wa s 
use d t o construc t  a  mappin g tas k t o b e give n t o th e 
students .  Befor e presentin g th e concep t  m a p t o th e 
students ,  al l  o f  th e lin k label s betwee n th e concept s 
wer e remove d (i.e. ,  removin g th e natur e o f  th e 
relationship s betwee n th e concepts) ,  leavin g th e 
concept s an d a  skeleta l  structur e o r  representatio n o f 
th e domai n (se e Figur e 1) .  Th e expert' s  lin k labels , 
alon g wit h additiona l  links ,  wer e presente d t o th e 
subject s o n a  separat e piec e o f  paper .  Student s wer e 
require d t o "fil l  in "  th e lin k label s a s par t  o f  th e task , 
and th e labele d link s wer e use d a s dependen t  measure s 
of  th e students '  knowledge . 

(^n}t--4^^)*-*^^^^ ^ 

Figur e 1 .  Portio n o f  th e photosynthesi s concep t  map . 
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Inquir y trainin g intervention .  I n orde r  t o 
promot e higher-leve l  thinkin g processe s i n science , 
student s i n th e Interventio n grou p wer e give n inquir y 
trainin g learnin g prompt s (cues )  whic h wer e i n th e 
for m o f  writte n question s o r  prompt s tha t  the y aske d 
themselve s o r  aske d othe r  member s o f  thei r  groups . 
The trainin g require d student s t o articulate ,  construct , 
and ̂ pl y explanations ,  justification s an d evaluation s 
of  eac h others '  responses .  Briefly ,  th e learnin g cue s 
wer e writte n o n card s an d place d i n fron t  o f  th e 
student s whil e the y worke d o n th e mappin g tas k 
collaboratively .  Durin g th e sessions ,  student s wer e 
tol d t o choos e a t  leas t  on e o f  th e learnin g prompt s 
whic h bes t  fi t  wit h ho w the y wer e thinking ,  rea d i t 
aloud ,  an d respon d t o it .  The y wer e instructe d t o 
repea t  thi s proces s afte r  eac h decisio n regardin g a 
relationa l  lin k wa s mad e (se e Tabl e 1  fo r  example s o f 
th e inquir y prompts) . 

Tabl e 1 .  Example s o f  th e Inquir y Prompt s 

Purposes and Prompts: 

(a) To convey that it is important to evaluate one's 
own thinkin g o r  understandin g b y constructin g 
explanations : 

•Can you explain this in your own words? 
•Ca n yo u compar e ho w yo u use d t o thin k abou t  thi s 
wit h ho w yo u thin k abou t  i t  now ? 

(b) To convey that it is important to justify any 
evaluation s o f  one' s ow n o r  another' s response s wit h 
an explanation : 

•Explain why you believe that your answer is correct 
or  wrong . 
•Ho w doe s you r  answe r  compar e wit h anothe r  person' s 
answCT? 

(c) To convey that their explanations should be based 
on th e conception s tha t  on e ha s bee n learnin g i n clas s 
and no t  o n one' s everyda y knowledge : 

•What did we learn in class about this particular topic? 
•Ca n yo u explai n thi s usin g th e "scientific " 
informatio n tha t  w e learne d i n class ? 

Procedur e fo r  scorin g concep t  m a p s . 
Relationa l  link s wer e firs t  score d a s correc t  o r 
incorrect ,  the n th e correc t  relationa l  link s wer e rate d a s 
eithe r  "Intuitive "  o r  "Scientific. "  Scientifi c  link s wer e 
thos e tha t  wer e eithe r  referre d t o b y th e exper t 
botanist' s  protocol ,  o r  wer e mentione d i n th e tex t  o n 
photosynthesis .  Example s o f  Scientific-Correc t  link s 
(i n bol d face )  versu s Intuitive-Correc t  link s (i n italics ) 
ar e th e following : 

Lea f  cell s absorb /  tak e in ,  suc k u p wate r 
Mineral s travel /  g o t o th e leave s 
Leave s contain /  hav e lea f  cell s 
Lea f  cell s release /  giv e off ,  le t  ou t  oxyge n 
Sunligh t  i s  absorbe d hy/goe s i n chlorophyl l 
Carbo n dioxid e help s t o produce/mak e glucos e 
Ste m transports /  move s th e glucos e 
Root s store /  hol d glucos e 

R e s u l t s 

Comprehension pretest and posttests 

It was hypothesized that there would be a 
significan t  differenc e betwee n th e Hig h an d Averag e 
group s an d betwee n th e Averag e Interventio n an d 
Averag e group s wit h respec t  t o students '  knowledg e o f 
photosynthesi s a s measure d b y thei r  performance s o n 
th e concep t  mappin g tas k an d th e photosynthesi s 
comprehensio n posttests .  A  repeate d measure s 
multivariat e analysi s o f  varianc e wa s conducte d i n 
orde r  t o tes t  whethe r  difference s existe d betwee n 
group s o n thei r  performanc e o n th e comprehensio n 
pre -  an d posttests .  Th e between-subject s facto r  wa s 
group  (High ,  Averag e Intervention ,  Average) ,  an d th e 
within-subject s facto r  wa s th e us e o f  th e pretes t  an d 
posttes t  a s th e dependen t  variables .  Th e mean s an d 
standar d deviation s ar e presente d i n Tabl e 2 . 

Table 2. Cell Means and Standard Deviations for 
Students '  Pre -  an d Posttes t  Comprehensio n Scores . 

G r o u p 

H i g h 

Averag e 
Interv . 

Averag e 

Pretes t 

Mean .3 1 
S. D .1 0 

Mean .2 9 
S.D.  .1 1 

Mean .3 1 
S.D.  .1 3 

Posttes t 
1 

.8 5 

.1 5 

.8 4 

.1 7 

.7 4 

.1 9 

Alternat e 
Posttes t 

.7 1 

.1 3 

.6 5 

.0 8 

.5 3 

.1 8 

The result s o f  th e analysi s reveale d tha t  th e 
student s di d no t  diffe r  i n thei r  degre e o f  prio r 
knowledg e o f  photosynthesi s a t  th e outse t  o f  th e stud y 
(a s measure d b y th e pretest) .  Th e analysi s als o 
reveale d tha t  ther e wa s a  significan t  multivariat e mai n 
effec t  fo r  grou p (F(2,45) = 3.13,j2<.05) .  Scheff e grou p 
comparison s indicate d tha t  th e Hig h an d Averag e 
Interventio n group s performe d significantl y differentl y 
fro m th e Averag e grou p o n th e Alternat e (mor e 
complex )  posttest ,  althoug h the y di d no t  perfor m 
significantl y differentl y fro m eac h other .  Th e Hig h 
grou p an d th e Averag e Interventio n grou p retaine d o r 
learne d proportionatel y mor e photosynthesi s 
knowledg e tha n th e Averag e grou p wh o di d no t  receiv e 
th e interventio n a s measure d b y bot h Posttests .  Th e 
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Averag e Inierveniio n group' s performanc e mor e 
closel y resemble d tha t  o f  th e Hig h grou p whic h di d 
not  receiv e th e intervention .  I n summary ,  i t  appear s 
tha t  th e inquir y trainin g facilitate d greate r 
comprehensio n o r  retentio n o f  students '  knowledg e o f 
photosynthesis . 

Results of the collaborative concept 
m a p p i n g task .  A  separat e repeate d measure s 
multivariat e analysi s o f  varianc e wa s conducte d i n 
orde r  t o tes t  grou p difference s i n thei r  performance s o n 
th e collaborativ e concep t  mappin g tasks .  Th e between -
subject s factcM *  wa s grou p (High .  Averag e Intervention , 
Average) ,  an d th e within-subject s facto r  wa s Learnin g 
Sessio n (1 ,  2) .  Th e dependen t  variable s wer e (1 ) 
Intuitivel y Correc t  Links ,  an d (2 )  Scientificall y 
Correc t  Links .  Th e analysi s reveale d tha t  ther e wa s a 
significan t  multivariat e effec t  fo r  grou p (E(4,24)=5.46 , 

E<.003) .  Significan t  mai n effect s wer e foun d fo r  th e 

proportio n o f  Intuitivel y Correc t  Link s 
(E(2,12)=17.61,c<.001 )  an d fo r  th e proportio n o f 

Scientificall y Correc t  Link s (E(2.12)=15.594i<.001) . 

Bonferron i  grou p comparison s indicate d tha t  th e Hig h 
an d Averag e Interventio n group s outperforme d th e 
Averag e grou p wit h respec t  t o th e proportio n o f 
Correc t  Intuitiv e an d Scientifi c  Link s use d o n bot h 
trials .  Th e Hig h an d Averag e Interventio n Group s di d 
not  perfor m significantl y differen t  fro m eac h other . 
Thus ,  th e Hig h an d Averag e Interventio n student s wer e 
makin g mor e correc t  an d scientificall y correc t 
relationa l  link s i n thei r  map s tha n th e student s w h o 
di d no t  receiv e th e inquir y training . 

A significan t  multivariat e effec t  wa s als o foun d fo r 
Tria l  (F(2,ll)=28.16,ii<.00I) .  Grou p performanc e 

was significantl y differen t  o n Tria l  2  o n th e proportio n 
of  Correc t  Scientifi c  Link s use d (E(l,12) = 60.78 , 

E<.001) .  N o significan t  differenc e existe d betwee n 

Trial s o n th e proportio n o f  Correc t  Intuitiv e Link s 
(E(l,12)=l.ll,]i<.31) .  I n addition ,  a  significan t 

multivariat e mai n effec t  wa s als o foun d fo r  th e Grou p 
by Tria l  Interactio n (F(4,24)=3.80.ii<.02) .  Thi s 

interactio n ma y b e explaine d b y a  "leveling-off '  i n th e 
number  o f  Correc t  Intuitiv e Link s o n Tria l  2 .  I n 
contrast ,  th e Hig h an d Averag e Interventio n Group s 
gaine d an d use d mor e Scientifi c  Link s ove r  trial s tha n 
di d th e Averag e Group .  I n sum ,  thi s analysi s reveale d 
tha t  ove r  th e tw o learnin g trials ,  th e student s w h o 
receive d th e inquir y trainin g wer e graduall y makin g 
fewe r  intuitiv e link s an d replacin g the m wit h mor e 
scientifi c  link s (Se e Figure s 2  &  3) . 

Lastly ,  Pearso n correlation s wer e use d t o examin e 
th e relation s betwee n performanc e o n th e concep t 
maps an d th e comprehensio n posttests .  A  significan t 
correlatio n wa s foun d betwee n th e Alternat e Posttes t 
and Scientificall y Correc t  Link s ( r  =.42 ,  p<.01) .  I t 
appear s tha t  th e student s w h o use d mor e Scientificall y 
Correc t  Link s als o retaine d o r  acquire d greate r 
comprehensio n o f  th e subjec t  matter . 

13 

u 

2 

Averag e Interventio n 

Averag e 

Tria l  1  Tria l  2 

Learning Trials 

Figure 2. Mean Proportion of Correct Intuitive Links 
made b y group s o n th e concep t  map s 

•a 
c 
u 
' o 

1 

I 

Averag e Interventio n 

Averag e 

Tria l  1  Tria l  2 

Learning Trials 

Figure 3. Mean proportion of Correct Scientific 
Link s mad e b y group s o n th e concep t  maps . 

Shifting from Intuitive to Scientific: 

A n Indicat io n o f  C o n c e p t u a l  C h a n g e 

Apart from the overall significant findings in favor 
of  greate r  performance s m a d e b y th e Interventio n 
group s o n th e collaborativ e concept-mappin g task ,  th e 
most  interestin g findin g fro m th e concept-mappin g 
tas k i s th e shif t  tha t  occurre d i n th e natur e o f  th e 
students '  labele d relationa l  links . 
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I f  on e follow s th e assumptio n tha t  th e lin k label s 
tha t  wer e chose n represen t  th e students '  understandin g 
of  th e relationshi p betwee n th e concepts ,  then ,  a s 
student s acquir e mor e knowledg e o f  photosynthesis , 
tha t  chang e shoul d b e reflecte d i n th e natur e o f  thei r 
lin k labels .  Th e chang e tha t  occurre d ca n b e describe d 
as a  shif t  from  Intuitiv e t o Scientifi c  links .  I t  appear s 
that ,  followin g th e teachers '  instruction ,  student s 
begi n t o replac e th e "intuitive "  label s o f  thei r  link s 
wit h mor e advance d "scientific "  links .  I n addition ,  th e 
same student s wer e als o foun d t o lear n an d retai n mor e 
photosynthesi s knowledg e tha n thos e i n th e 
noninterventio n groups .  Take n together ,  thi s suggest s 
tha t  the y hav e achieve d a  mor e advance d o r  "scientific " 
relationa l  understandin g o f  th e variables .  I t  i s possibl e 
that ,  a s student s acquir e mor e domai n knowledge ,  the y 
begi n t o attac h thes e scientifi c  term s t o thei r  o w n 
intuitiv e term s an d us e th e scientifi c  term s wit h ver y 
littl e understanding .  Ove r  time ,  a s the y hea r  an d us e 
th e scientifi c  terminology ,  th e student s begi n t o mak e 
sens e o f  thos e terms ,  an d th e scientifi c  terminolog y 
becomes par t  o f  thei r  o w n vocabular y which ,  i n turn , 
facilitate s deepe r  understanding . 

Althoug h th e change s i n th e relationa l  link s ar e no t 
gros s semanti c differences ,  the y d o no t  represen t  subtl e 
changes .  The y reflec t  change s fro m intuitiv e 
colloquia l  relation s t o scientifi c  term s a s description s 
of  th e sam e phenomena .  I t  i s  possibl e tha t  thes e 
change s ar e indication s o f  th e transitio n tha t  student s 
make whe n the y ar e beginnin g t o lear n ne w scientifi c 
theorie s o r  explanations .  Student s begi n t o abando n 
thei r  o w n terminolog y an d attemp t  t o us e th e 
vocabular y o f  th e scientist s a s description s o f  th e sam e 
phenomena .  Thus ,  becomin g awar e o f  th e 
acceptabilit y  o f  scientifi c  terminolog y o r  knowledg e 
versu s c o m m o n knowledg e appear s t o b e a  crucia l 
facto r  i n understandin g differen t  way s o f  treatin g 
scientifi c  informatio n (Caravita ,  1990) . 

W hy doe s thi s shif t  occur ? O n e explanatio n i s tha t 
th e student s ar e simpl y repeatin g th e pertinen t 
scientifi c  terminolog y tha t  the y hea r  th e teache r  us e o r 
rea d abou t  i n thei r  text ,  withou t  displayin g an y 
understandin g (aki n t o rot e learning) .  However ,  thi s 
seems unlikel y sinc e th e student s w h o utilize d th e 
scientifi c  terminolog y als o acquire d greate r 
comprehensio n o f  photosynthesis .  Another ,  mor e 
interesting ,  w a y o f  explainin g th e shif t  fro m 
"intuitive "  t o "scientific "  understandin g i s b y 
characterizin g thi s shif t  a s a  developmenta l  precurso r 
t o "form-function "  reasoning . 

Accordin g t o cognitiv e developmenta l  research , 
student s organiz e thei r  knowledg e int o discret e 
categories ,  principle s o r  theorie s suc h a s animate -
inanimat e objects ;  external-interna l  (Carey ,  1985 ; 
Gelman ,  1990) ;  personificatio n (Hatan o &  Inagaki , 
1987 ;  Inagak i  &  Sugiyama ,  1988) ,  includin g th e 
distinctio n betwee n intentiona l  an d nonintentiona l 
acts .  Thes e categorie s functio n a s precursor s fo r 

organizin g thei r  reasonin g an d thought s o f  scientifi c 
concepts ,  an d m a y b e a n importan t  an d potentiall y 
usefu l  heuristi c i n th e developmen t  o f  scientifi c 
understanding . 

Accordin g t o thi s view ,  a s student s initiall y  for m 
an understandin g o f  a  scientifi c  process ,  the y construc t 
functiona l  reason s o r  explanation s whic h includ e 
personificatio n an d intentionalit y o f  th e object s 
involve d i n th e proces s (Hatan o &  Inagaki ,  1987) . 
For  instance ,  b y initiall y  statin g tha t  "th e root s suck -
up th e wate r  from  th e soil, "  th e studen t  personifie s a 
functiona l  relationshi p betwee n plan t  concept s b y 
utilizin g an d attachin g a  h u m a n analog y whic h 
implie s tha t  th e root s hav e intentiona l  act s (i.e . 
sucking) .  Followin g tw o additiona l  week s o f  subject -
matte r  instruction ,  th e sam e studen t  state s tha t  "th e 
wate r  i s absorbe d b y th e roots, "  thereb y statin g a 
functiona l  relationshi p betwee n concept s tha t  i s  mor e 
objectiv e an d devoi d o f  human-lik e qualitie s o r 
intentions ,  an d thu s makin g i t  appea r  mor e scientifi c 
i n nature . 

W h at  i s particularl y appealin g abou t  thi s vie w i s 
tha t  i t  doe s no t  depic t  students '  reasonin g a s fault y b y 
emphasizin g thei r  misconceptions .  Rather ,  i t  describe s 
thei r  reasonin g a s necessar y an d systematic ;  utilizin g 
thei r  everyda y o r  intuitiv e knowledg e t o m o v e toward s 
a mor e scientifi c  understandin g (Brown ,  1990) . 

Concep t  map s canno t  captur e th e dynami c natur e o f 
scientifi c  knowledg e an d the y giv e a n impressio n tha t 
th e knowledg e i s stati c i n nature .  T h e reader , 
however ,  shoul d vie w th e students '  concep t  map s a s a 
usefu l  too l  fo r  capturin g a n impressio n o r 
"photograph "  o f  a  person' s scientifi c  knowledg e a t  a 

jxjin t  i n time. ^ 
Lasdy ,  althoug h cognitiv e an d socia l  approache s t o 

learnin g scienc e hav e highlighte d th e importanc e o f 
discussio n fo r  helpin g student s achiev e meaningfu l 
understanding ,  researc h o n collaborativ e learnin g ha s 
generall y no t  examine d whethe r  th e natur e o f  students ' 
discours e wil l  hav e differin g effect s o n students ' 
understandin g o f  scientifi c  phenomena .  Th e presen t 
stud y offer s suppor t  fo r  th e ide a tha t  collaborativ e 
inquir y training ,  whic h promote s explanation-drive n 
modes o f  thinkin g abou t  scientifi c  phenomena ,  ca n 
induc e a  shif t  fro m a n intuitiv e t o a  scientifi c  vie w o f 
a comple x subjec t  matte r  suc h a s photosynthesis . 

2 However ,  thi s shoul d no t  b e take n t o m e a n tha t  i t 
represent s th e organizatio n o r  structur e o f  a  person' s 
knowledg e foun d insid e thei r  head . 
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