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¥, VAM VAKOUSSL G KARGIOTAKIS. VP KOLLIAS,
NG MAM ALOUGOS, & 5. VOSNIADOU

COLLABORATIVE MODELLING
OF RATIONAL NUMBERS

Abgoracl. In jeaching matharpalics, i ofien assumed tha ped jdens aboul manmbeTs wilk gmoaihly

fistlow finom qurios Ceas- Therefone, reaching Firalegias Qicn 2 gl enpichrresi o siudeniy” price L-r_u.qu-.-d[_-g
shout mamibsrs. Hpwe . senrmang difficuiies in the ab=a guggest fhAL, in SEMAE T8 reorganisatian of
prior knowledge pequred. Followiag the conpipral changd paradigm W deseribe 3 C5CL
erpvipanmient designed o develop deeper underszanding of e SIS af ihe set of rasionol mimbers.

1. INTRODUCTIOMN

The history of mathematics. as well 88 smpirical researsh on fearning in
mathematics, suggest that the conceptual shift from the diserete “notural” numbers to
the "dense” rational of real nurmbers is a VT gemanding one, In fefms of the theory
of conceptual change that Vosniadou (2002} proposes. it is assumed that the idea of
discrelencss is fundamental presupposition. When students are loteT exposed wo the
concept of rational pumbers they (ry 1o incorporale the new informarion 1o their
prior knowledge of matural numbers. 1n this process the presupposition of
discreteness can constrain crydents’ understanding of the structure of the sat of
—ariomal numbers leading them o wgymihetic models” that difter from exper
understanding. Therefore, students” progress in comprehending the StpcluTe of the
set of rational numbers PresUpposss the rearganisation o students” prior knowledge
in ways that make possible an understanding of the notion of *density™. which is
principal property that differentiates rational from natural numbers. In Lerms of the

numbers and found that, as expected by e theory above, students digplayed o

strong tendency 10 Tirpit their representatian of the set of rational numbers 1o subsets

of rational numbers that preserve the property of discreleness, for instance decimals

with the same aumber of decimal digits [1.2. 21,22, 23 e} 0r fractions with the

came denominator {ie L4, 2/4, 34, 44). Moreover they found that the

presupposition of discreteness consirains students’ understanding of an external
ion of Teal numbers, namely the "number line". :

In later progress in the didactic approaches for conceptual change Vosniadou
(Vosniadou & K ollias, in press) proposes the construction of models as & MRS far
synthesizing the variows guidelines that regearch has shown 1o be conductive
towards conceprual change {Vosniadou, 2002). Models are artefacts that cam
concretise students” constrction of explanations, offer means for smooth vaTiations
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of explanations (through changing the detailed characteristics of the model) and
make smdents’ thinking visible and amenable o critical appraising from other
cudents. However oeganizing the classroom towards this end can provide a
powerful chellenge for teachers. The Fear of loss of control of the classroom is
indeed an important reason that prévents reachers, at beast in Greece [ Vosniadou &
Kaollias 2001}, from trying pedagogical innovations in their classroom.

CSCL environmenis can structure the communicaton patems in the classroom
s that studemts can collaborate more efficientty {Kollias, Vlassa, Mamalougos, &
Viosniadow, 2000 & Kollias. Viassa, & Vasniadoo, 2001}, express their opinions in
more thoughtful ways and discuss thoughtfully about them, Relalive 1o our present
goals we expect that the construction of 8 CSCL environment will give students the
oppormnity’

- to express their ideas ehout the structure of the set of rationsl numbers

- 1o externalise their visusl representation of the staciure of rational numbers

- 10 see their fellow students’ ideas about the sinuciue: of the set of rational

numbers and realise that these can be quite differenl, though defendable. than

their own

- tor argue with fellow students retative to the structure of the set ol natural

nurnbers

Prior pilot research by one of the authors (Vamvakoussi, 2001) has shown that
students are quite motivated 1o discuss in 3 Face-10-face sening with an adult ahout
the nature of numbsers and explain their opinions.

We expect therefore that students will be motivated to make their undersanding
of numbers visible through the construction of models and to discuss abowt their
constructions with fellow snesdents when given the opporunity through appropriate
CSCL software. Our further hypothesis is that sjudents will progress in their
understanding of the nature of rational numnbers and the property of "density”. We
also intend to use the archive of the old opinions expressed through the softwars to
maake the progress of the classroom on the nature of numbers an issue of discussion.
We believe thit this intervention will be an afficient means for decper understanding
of the natuse of mathematics construction by the students.

2, METHODOLOGY

2.1 The school serfing

The intervention is geing 10 take place in the 9" grade of the 2* High School of
K oridalos in the subject-maner of mathematics. This is a public school in an anca
with low-middle income. The mathematics teacher and the computer scicnce teacher
are both experienced and pedagogically informed, The students are familiar with
computers although they have no experience with collaborative leaming or with
CSCL. The intervention will take place in the school's computer room and the
students will be working in groups of thres, with one PC end one account in the
sofoware SYNERGEIA for ench group.
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2.7 The soffware: SYNERGETA

Guydents use gy MERGELA. 3 apecial SCL softwars. that has been developed and
st through the Eurtpesn project [TCOLE W aeditonlkel
sYMERGEIA s & data base having bath synchronots and asynchronous 10015,
Sudents can upload and shars Giles and participate in (hread-hased discussions. 1115
mardaary that students calegonae their comments in the discussions sccording 10 &
geheme aiming towards  developing melacoEnitive  AWArEness- aore  derailed
gescription of  the sofoware, 115 progeny ond varants can be found 0
: X I.nr:z.‘sib::'ilmlq:r'nuhtic Jeliveraples_numt.

2.1 Design

By the time the cnervention takes pIACE. e participating SUAEnis will have coversd
everything they are supposed 10 Know about Teal numbers, including operanons.
ardering. rming ecimal into a fracton and vice versa, They will have also used
the pumber line sxiensively, both & 0wy 1o represent Feal pumbers and 85 8 1wel.
when solving equations.

After an ininal inuroductaory activity, to 2€1 ghwdents aequainted with the use of
the software and SOME hasic opliens it offers. suudents will be asked w imagine
themseives a5 points on fne line of numbers. each point comsspondimg to & given
purmiber, Studenis will first present their oW idens aboul nuUmDSs. poth in written
potes and by uploading the drawings they will construct. Then the students will
discuss through SYNERGEIA the commonalites and differences of the different
interpretations of rational numbers. Finally the swdents will work face-to-face in
groups of six 10 construct posiers that nresent their snderstanding of Tal
aumbers, Finally, 3 different class of the same grade ina small mathematics-fair will
corament Lo ke poSTers.

As it is explained in the fallowing section, students will take pre and post 12515,
which will reveal the level of their understanding of the StRUclire of rational
pumbers, Decisions on fow U0 groap students will be made by the researchers and
the teachers, secording o the results of the pretest and the sociel dypamics in the
clgssroom. Prior research o @ similar CSCL environment has shown that there exists
a strong correlation between the quality of siudemts’ collaporation and the amount of

jtive and metacognilive comments they exchange a3 they collaborate (Kollias gl
al., 2001) It is thus [mporant 1o Brodn smdents in such ways @b to enhance
collaporation. It is also important & : nelude in each group shdenks al different levels
of mathematical understanding.

4 frer the completion of the iptervention cach student will have the chance L0 568
higher answers i the pre- and- post se<ts and will be asked wo comment of them, in
the environment of SYNERGELA. The emphasis will be for the student 1o realize
arhat —if any- has changed in hisfher initial ideas about the structure of the set of
rationi] nurnbers and reflect on that. We expect 1o also gather in this final step useful
data sbout stwdents’ daveloping of & deeper understanding of the nalEre of
rmathematics learning.
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2.3 Data collection

In order to follow up changes of swdents” weas about the structure of the set of
ratignal numbers, we will use a paper-and-pencil questionnaire developed for the
nurposes  of the empirical study mentioned  above {Vamvakoussi, 2001,
vamvakoussi & Vosniadou, 2002). The questonnairz will be used boih as & pretest
and a postiest of suudents’ understanding.

Oither sources of data include students™ notes in SYMERGELA. audio tapmg of
stident discussions in their groups and final interviews of the students ref2ering to
reflections from  their experience of mathematics learning in this CSCL
environment.

1, CURRENT STATE OF THE WORK

At this point we aré starming the “atervention and do not have dala to repon. It 13
expected that the intervention will be completed by the end of March 2003. The
resulis of our analysis will be presented in the CSCLI003 meeting,
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