FROM INTERACTIVE SMALL GROUP AND CLASSROOM LEARNING TOWARD

NETWORKING MINDSIN A TECHNOLOGY-SUPPORTED COLLABORATIVE
MATHEMATICSLEARNING ENVIRONMENT

Erik DE CORTE & Lieven VERSCHAFFEL
Center for Ingructional Psychology and Technology (CIP&T)
Univerdty of Leuven, Belgium

Abgract

In this presentation two related studies addressing children's mathematics word problem solving are discussed.
Taking into account the flaws observed in many primary school pupils' solution processes on word problems, afirst
intervention study was carried out in which an innovative, constructivist learning environment focusing on the
development of a mindful, strategic, and self-regulated approach toward mathematical problem solving was designed

and successfully implemented in four fifth-grade classes. The basic design principles of this new classroom
environment relate to: 1) the nature of the word problems used, 2) the use of a variety of highly interactive and

collaborative instructional methods, 3) the creation of a new classroom climate by introducing alternative social and
sociomathematical norms. In a second study this learning environment was technologically enriched by embedding
in it "Knowledge Forum", a software tool designed to facilitate and foster a "research team" approach to learning that
supports knowledge building, collaboration, and progressive inquiry. Key features in "Knowledge Forum” are a
series of cognitive toolsfor constructing and storing notes, for sharing notes and exchanging comments on them, and
for scaffolding students in their acquisition of specific cognitive and metacognitive strategies and particular

mathematical concepts. The design of these two collaborative learning environments and the results of their
implementation (only preliminary findings of the second study) are presented and discussed.

Introduction

There is nowadays a dear consensus that the acquistion of mathematicad problem-solving kills
and dtitudes and the ability to goply these sills in reghlife Stuations, conditute mgor objectives
of mathemdics educdion a the dementary school levd (see eg., Miniderie van de Vleamse
Gemeenschap, 1997; Nationd Council of Teachers of Mathemdtics, 1989; Treffers & De Moor,
1990). Unfortunately, recent research findings have reveded tha many upper dementary school
children do not, or a least insufficiently, mester the different gptitudes required to goproach
mathematica gpplication problems in an effident and successful way (for more details, see De
Corte, Greer, & Verschaffd, 1996; Lester, Garofao & Kroll; 1989; Schoenfeld, 1992; Verscheffd,
in press). According to mos scholars, these insufficiencies in pupils abilities to solve context-based
mathematicad gpplication problems are induced and shaped by the following characteridtics of the
current practice and culture of teaching and learning word problem solving: 1) the stereotype nature
of the problems used in the lessons in word problem solving; 2) the way in which these problems are
dedt with in the mathematics lessons pupils mainly solve word problems individudly by means of
fixed dandard problemsolving procedures explained and demondraied by the teecher; 3) the
prevailing culture of the mathematics classsoom (De Corte e d, 1996; Greer, 1997, Reusser &
Stebler, 1997; Schoenfdd, 1992; Verschaffel, 1999)

Over the past decade saverd scholars have begun to desgn and evduate dterndive indructiond
environments amed a the devdopment of mathematica problemsolving skills in pupils of the
upper dementary schoal or the first grades of secondary schoal, in so-cdled ‘design experiments
(Brown, 1992; Callins, 1992). The present contribution reports two sudies in which a powerful
teeching/leaning ewironment for solving mahemdticd goplication problems  for  upper
dementary school pupils was desgned and implemented. In the fird invedtigation a technology-
leen, but innovative learning environment was daborated, based on generd theoreticd
knowledge about powerful learning environments and on three recent desgn experiments in
which these indghts were goplied to learn to solve mathematicd gpplication problems (Cognition
& Technology Group a Vanderbilt, 1997; Ledter et a, 1989; Verschaffd & De Corte, 1997). Ina
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second dudy the theoreticd idess and principles reating to socio-condructive mathematics
learmning and to teachers professond development derived from the previous intervention study,
were combined with a second drand of theory and research focusng on the (meta)cognitive
aspects of networked collaboraive knowledge condruction and <kill building dicited and
supported by "Knowledge Forum”, a software tool desgned to faclitate and foder a "research
team" gpproach to (mathematics) learning. Key features in “Knowledge Forum” are a series of
cognitive tools for condructing and doring notes, for sharing notes and exchanging comments on
them, and for scaffolding students in ther acquigtion of specific cognitive and metacognitive
drategies and paticular mathematica concepts. For a more detalled report of both dudies we
refer to Verschaffe, De Corte, Lasure, Van Vaerenbergh, Bogaerts, & Ratinckx (in press) and De
Corte, Verschaffd, Lowyck, Dhert, & Vandeput (1999).

Study 1
Design of an interactive powerful learing environment for mathematical problem solving

Aims, major features, and organization of the learning environment

The mgor am of the learning environment developed in the fird sudy was the acquigtion by
fifth graders of a saries of heuristic methods embedded in an overal metacognitive Strategy for
lving mathematical gpplication problems. The ovedl draegy condds of five dages 1)
representing the problem; 2) building a mathematicd modd of the problem; 3) operating on that
modd; 4) interpreting the outcome and formulating an answer: 5) checking and evauating the
solution. In the fird and second dage of this drategy eght heurigtics are embedded, that are
crucid for expert solving of word problems as recent research has clearly documented (De Corte,
1995; De Corte et d, 1996, Leder et d, 1989; Schoenfed, 1992; Verschaffd, 1999). For
indance, in the fird dep of the draegy the following four heuridics were taught: drawing a
picture, meking a table didinguishing rdevant from irrdevant data, and using red-world
knowledge to compl ete one's problem representation.

A second important @am of the learning environment was affecting pogtively the inadequate
bdiefs and negative atitudes that many pupils hold towards mah and solving word problems.
Examples are the bdiefs that math problems have only one right answer, that there is only one
correct way to solve any mathematica problem, that being able to solve a word problem is a mere
question of luck, that the mathematics learned in sthodl has little or nothing to do with the red
world.,... (De Corte, 1995; Schoenfdd, 1992; Verschaffd, 1999).

The main features of the learning environment are the following:

1. A vaied st of caefully desgned nontraditiond complex, redidic and chdlenging word
problems that ask for the agpplication of the intended heurisics and sdf-regulatory kills thet
condiitute the modd of skilled problem solving.

2. A seies of lesson plans based on a vaiety of teecher and learner activities Each lesson
conagts of a sequence of smdl-group problem-solving activities or individud assgnments
aways followed by a whole-class discusson. During dl these activities the teacher’s role is to
encourage and scaffold pupils to engage in, and to reflect upon the kinds of cognitive and
metacognitive activities involved in the modd of competent mathemdticd problem solving.
These encouragements and scaffolds are gradudly withdravn as the pupils become more
competent in and aware of thar problemsolving adtivity, and thus take more responshility
for their own learning and problem solving.

3. The edablishment of new sodd and socio-mahematica norms about respectively the role of
the teecher and the pupils in the (mathematics) dassoom, and about what counts as a good
mathematica problem, agood solution procedure, or agood response.

148



The learning environment condgs of a saries of 20 lessons desgned by the research team in
conaultation with the four regular dass teachers, and taught by those teachers. Consequently these
teachers were intensvely prepared for and supported during the implementation of the learning
environment. With two lesson periods each week, the intervention was spread over about three
months. Thetotd seriesinvolvesthree parts:
1. Introductionto the content and the organization of the learning environment (1 lesson);
2. Sygematic acquistion of the five-step problem: solving modd, and the embedded
heurigtics and cognitive Strategies (15 lessons);
3. Leaning to usxe in a flexible and integrated way dl aspects of the competent problem-solving
modd in four "project lesons', each of which was built around only one complex, non
routine problem.

Design of the study

The implementation and the effectiveness of the learning environment were teted using a pretest-
posttest- retention test design with four experimenta fifth-grade classes (with 27, 19, 21, and 19
pupils respectively) and saven comparable control classes (with 29, 22, 19, 21, 20, 17, and 18
pupils respectively) from deven different schoolsin Handers.

Three pretests were collectivdly adminisered in the experimenta as well as the control dasses: 1)
a dandard achievement test (SAT) to assess pupils generd mahematicd knowledge and sKills;
2) a Hf-made word problem test (WPT) condging of ten mathematicad gpplication problems
none of which can be conddered as routine tasks for a typicd fifth grader; 3) a sdf-made Likert-
type questionnaire for assesang pupils bdiefs about and attitudes towards (BAQ) (learning and
teaching mahemaicd word problem solving involving two rdigble subscdes a fird scde
(seven items) deding with “Pupils plessure and persgence in solving word problems’, and a
second subscale (14 items) expressang “A process-oriented view of word problemsolving”.

To get a better indght into the quditative aspects of the pupils problem solving processes, three
pars of pupils from eech expeimentd dass (one par of high-ability, one par of medium-ahility,
and one par of lowability pupils) were asked before the intervention to solve five new non
routine goplication problems in dyads of equd ability. Ther problemsolving processes were
videotaped and afterwards andyzed by means of a sdf-made scoring scheme congding of three
aspects (1) the find result of the problem-solving process (‘correct answer’, ‘wrong answer’,
‘technicdl eror’ or ‘no answer’); (2) the use of the eght heurigics taught in the learning
environment, and (3) the frequency of occurrence of cartain vauable metacognitive activities (i.e
orientation, planning, monitoring, and evauation).

While the intervention took place in the experimenta dasses the control classes followed the
regular mathemetics program.

By the end of the intervention pardld verdons of the three cdlective tests (SAT, WPT, and
BAQ) were adminigered in dl experimentad and control classes In order to assess the possble
quditative changes in the problemsolving activities as compared to before the intervention, the
dyads of pupils from the expeimentd dases were agan videotaped while solving pardld
versons of the nontroutine problems used in the pretest phase.

Severd months after the implementation of the learning environment a retention test - a pardld
verdon of the WPTs used as pretess and posttest - was dso adminigered to the experimentd and
the control classes.

Fndly, to assess the fiddity of implementation of the learning environment a sample of four
representative lessons was videotaped in eech experimentd dass, and andyzed afterwards in
teems of an implementation profile congding of ten caegories of teacher activities tha were
congdered as crudd for the successful implementation of the intervention.
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Results

The impact of the learning environment on pupils results on the three collective insruments (i.e.
WPT, BAQ, and SAT) was andyzed by means of univaiade andyses of variance with a
hierarchical factorid desgn. Man and interaction effects were further andyzed with a poderiori
Tukey HSD teds. Moreover, to get a better idea of the Satistical power of the obtained effects,
effect 9zes Cohen's (1988) were cdculated. The most important outcomes of these and severd
additiond analyses can be summarized asfollows

While no dgnificant difference was found between the experimentd and control groups on the
WPT during the pretes, the former dgnificantly outperformed the letter during the postest, and
this difference in favour of the experimentd group continued to exig on the retention test. This
effect has a medium effect 9ze of .31. A sgpaate andyds of vaiance (with the number of
problems in the WPT for which a least one of the eght taught heuristics was effectivdy used, as
dependent variable) reveded that the improvement in the WPT scores of the experimenta pupils
was accompanied by a very subdantid increase in the gpplication of the heuridtics (effect g9ze =
.76).

The exparimentd group scored Sgnificantly higher than the control group on both subscaes of
the bdiefs ans dtitudes quedionnare (BAQ) dfter the intervention, while the scores of both
groups did not differ before the intervention. But these effects though sSgnificant, were both
amd| (effect Szes of only .04).

While there was no dgnificat difference between the pretest resdts on the SAT of the
exparimentd and the control groups, the results on the postest reveded a sgnificant difference in
favour of the former group (effect 9ze = .38). This indicates thet the grester etention in the
experimenta dasses a problem soving (at the expense of the more traditiond subject-matter
topics) had no negaive effect, and even a samdl podtive (trandfer) effect on pupils mathematica
knowledge and skillsasawhole.

Additiond analyses of variance on the data of the WPT, the BAQ, and the SAT showed that there
was no sgnificant interaction between the factors Group (Exp. vs Con), Test moment (Pretest vs
Podtest), and Ability Levd (High, Medium, and Low). From these results we can condude that
dl three ability leves contributed in a dgnificant way to the increesed overdl leaning results
obsarved in the experimenta group. On the other hand, we have to admit that the initid
differences between high-ability and lowability pupils did not decresse.

The results of the quditaive andyss of the videotgpes of the problem solving processes of the
three dyads from each expeimentad dass showed tha on the postest pupils made in generd
nearly twice as much spontaneoudy use of heurisics as during the pretes. The occurrence d the
four metacognitive activities (namey orientation, planning, monitoring, and  evauation)
increased as well from pretest to positet, but this increase was smdler than expected.

The andyss of the videotgpes of the experimentd lessons in terms of the implementation profile
indicated that overdl the leaning environment was implemented in a saidactory way in the
expeimental classes But, an andyds of variance on the implementation scores reveded that there
were dgnificant differences in the extent to which these four teachers had implemented the mgor
agpects of the learning environment.

Conclusion and transition

In this intervention sudy a st of carefully designed application problems, a varied sies of
highly interactive teeching methods, and an atempt to change the socid and socio-mathematicd
classyoom norms were combined in an atempt to creste a powerful learning environment that
focuses a@ the devdopment in fifthgraders of a mindful and sdf-regulated approach toward
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mathematicadl modding and problem solving. The findings indicate that this intervention can have
dgnificat pogdtive effects on different agpects of pupils mathematicd modding ability, on ther
sdf-regulation of, and peformance in problemsolving, and on their beliefs about (learning and
teeching) mahemdics Thee is no doubt tha this invedigation has some limitations for
indance, the experimenta group condsted of only four dasses and because of the quas
expaimenta desgn of the dudy due to the complexity of the intervention, it is impossble to
draw conclusions about the raive contribution of the different components of the nove learning
environment to the observed podtive effects Neverthdess, these results encouraged us to
combine in a second sudy the theoreticd ideas and principles of sociocongructivis mathemeatics
learning with a second drand of theory and research focusng on the (meta)-cognitive aspects of
computer-supported  collaborative  knowledge condruction and  <kill  building. Taking into
account the available empiricd evidence showing that computer-supported collaborative learning
(CXL) is a promigng lever for the improvement of learning and indruction (Lehtinen,
Hakkarainen, Lipponen, Rahikainen, & Muukkonen, 1999), we asumed tha the leaning
environment desgned in the previous sudy could be made more powerful by eriching it with a
CSCL component.
Study 2
Networking mindsin atechnology-supported and problem+-oriented learning environment

Background and aims of the study

This dudy is pat of the CL-Net project (Computer-Supported Collaborative Learning Networks
in Pimary and Secondary Education) supported by the European Union, and involving nine
reseerch centers in five countries. The overdl am of the CL-Net project is to examine how
knowledge condruction and skill building can be fostered in primary and secondary school pupils
in different content domains by immerdng them under the guidance of a teacher in compute-
supported collaborative learning networks CLNs). CLNs can be characterized as powerful learning
environments in which technology-based cognitive tools are embedded as means and resources thet
can didt and mediate in a community of networked learners active and progressivey more saf-
regulated processes of collaborative knowledge acquisition, meaning congruction, and problem
solving (Verscheffd, Lowyck, De Corte, Dhert, & Vandeput, 1998).

Within this broader framework of the CL-Net project the present invedtigation ams & the desgn,
implementation, and evauation of a CSCL environment that facilitates the didributed learning of
solving and posng complex mathematical application problems in upper primary school children.
As in the previous dudy the learning environment focuses on the acquidtion in pupils of the five-
dep metacognitive drategy and the embedded heurigics for solving problems, as wel as on
afecting pogtivey ther bdiefs and attitudes toward mathematicd problem solving. In addition
the CSCL ewironmet ams a fodeing in pupils communicaion and collaboration <kills
relaing to problem solving and problem posng, on the one hand, and computer <kills on the
other, espeddly proficency in working, learning, and communicating with CSCL software. The
basc hypothess of the present invedtigation is thet the technologica enrichment of the leaming
environment  from the preceding intervention dudy by embedding in it the cognitive
technologicd tools that conditute a CLN, will lead to a ggnificant improvement in the qudity of
upper primary school pupils problemsolving and communication processes and skills, and, by
doing s0, will result in grester learning effects In addition the study intends to explore and
elaborate an effective drategy to guide and support teachers in the embedded gppropriate use of
cognitive technologicd toadlsin ther teaching of mathematica problem solving.
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Key features and implementation of the CSCL environment

The same basc design principles asin Study 1 were aso used in developing the CSCL

environment, namdy 1) a varied st of nontraditiond, complex, and chdlenging word problems; 2)
the use of different highly interactive ingructiond techniques, i.e smdl-group work followed by
whole-class discusson; 3) the creetion of a novel cdlassroom culture based on new socid and socio-
methematical norms established through negotiation in the community of leaners in the dass
However, this environment was enriched by embedding in it “Knowledge Forum” (KF), a software
tool which - like its predecessor CSILE (Computer- Supported Intentiond Learning Environment,
Scadamdia & Berdter, 1992) - is desgned to foster a networked “research team” gpproach to
learning that supports knowledge building, collaboration, and progressve inquiry. Key features in
“Knowledge® Forum are a series of cognitive tools for condructing and storing notes, for sharing
notes and exchanging comments on them, and for scaffolding udents in thelr acquidtion of
specific cognitive operations and particular concepts (Scardamdia & Berater, 1998; see dso
Verschaffd et d., 1998).

Based on theoreticd arguments but dso forced by practicd circumdtances, the use of KF was
different from how it has been conceved and modly gpplied so far. Firs, ingead of having
individud pupils communicate with each other, amdl groups of pupils were teken as the unit of
communication. In other words, there was "shared authorship” of every pupil note crested in KF.
Second, rather than having the normd dass teacher communicate with the pupils through KF,
there was a cartoontlike figure - cdled FIXIT - who introduced problems to pupils, provided
them with hdp and feedback, and communicated with them via KF. However, this does not imply
that the teechers role was margind. They ramaned respongble for the dassoom management,
for the coaching of the group work, and for the organization of the whole-class discussons.
Third, wheress in mog previous dudies the communication through KF was entirdy open and
undructured, pupils ue of KF in our CSCL enwironment was initidly quite redtricted and
teacher-regulated; more intendve and sHf-regulaed involvement with KF increased gradudly as
pupils became more familiar with the expet five-sep modd of solving mathematical gpplication
problems and with the software.

The implementation of the KFbased learning environment took place in the second and third
trimesters of the school year 1998-99 in two fifth-grade and two sixth-grade dasses of a primary
school in Handers Each dass was equipped with one computer with a printer and an Internet
connection which dlowed them to access KF. In addition, pupils and teachers had regular access
to a computer classroom (of the adjacent secondary school) with 15 computers dl networked to a
common file server with an Internet connection and a data projector.

Although the preparation of dl teaching materids and the interaction with the pupils via KF was
done by the researchers (through FIXIT), the lessons were taught by the regular dassroom
teachers, who were — as mentioned above - aso respongble for the coaching of the pupils during
the amdl-group activities and for the leadership of the whole-class discusson. For the four
participating teachers the introduction of the CSCL environment amounted to the adoption and
implementation of a fundamentaly new role and pedagogy based on a technology-supported,
collaborative, and sdf-regulated perspective on leaning. Therefore, subdtantid attention was pad
to prepare and support the teachers n implementing the learning environment, teking as a darting
point that the intended fundamentd change of the dassoom environment and culture should be
undertaken in partnership between the researchers and the participating teechers (De Corte, in press).
In that perspective a subgtantiad part of the teecher preparation has been redized by smulaing the
new gpproach to learning and teaching problem solving supported by cognitive technologica tools
in the format of an interaction between the researchers and the teachers, both groups teking turns in
acting as teachers and as pupils. In addition a KF database for the teachers was ingdled consgting
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of three pats background informetion about the learning environment, a discuson forum for the
exchange of podtive experiences as wel as difficulties and a hatline for making practica
arangements, asking spedific questions and trangmitting indructiond materids Also a specific
teacher guide for each lesson, and dl the necessary teaching and learning materids were provided to
the teachers.

Specification of the content and the activitiesin the CSCL |earning environment

The implementation of the learning environment ran from Jenuary till the end of May 1999, ad
congsed of five sages, eech composed of severd teaching/learning units (TLU). Overdl, eech
class spent about two hours a week in the CSCL environment, resulting in a tota of 30 to 35
hours.

Sage 1 two TLUs of one week each in which the problemsolving modd and KF were
introduced to the pupils In the firg TLU, condging of two lessons pupils reflected on the
difference between a routine task and a red mahemaicd problem, and the five-step solution
drategy was presented and explored. In TLU 2 (two lessons) pupils were initiated in KF in the
computer dass it was the only unit not taught by the regular dassroom teecher but by one of the
reseerchers. After a demondration of the mgor characteristics and fadilities of the system and the
didribution of a smple "technicd menud”, pupils were put in heterogeneous smdl groups of
three children (which would reman the same during the whole intervention), and were invited to
reed a KF note with a provocative saement ("The TV program ‘the Smpsons should be
forbidden"), to react to it by creating a KF note, to read each others KF notes, and findly to
comment on each others reactions by means of notes that built on the notes of other groups.

Sage 2 three TLUs (TLU 3-5) of one wesk each during which pupils solved complex
mathematical gpplication problems. Each TLU had the same overdl dructure. In a firsg one-hour
lesson in the beginning of the week pupils worked in thar smdl groups on a problem given to
them through KF by HXIT. As a scaffold they received a pre-sructured worksheet (containing
the five seps of the problemsolving modd) on which they had to write down not only the
ansver but dso ther solution seps; they could dso ask drategic hdp by looking a FIXIT's hdp
note avalable on KF. During the next days the reporters of al groups went Smultaneoudy to the
computer class, where they imported the solution but aso the solution drategy of therr group in
KF. At the end of the week, the teacher organized a whole-dass discusson and reflection about
the problem, the way it had been solved by the different groups, and the role of KF in the solution
process. For this discusson the teechers and the pupils could partly rely on a reection note from
FIXIT with some generd comments on the correctness of the answers and the qudity of the
olutions

Sage 3 three TLUs (TLU 6-8) of two weeks each during which pupils continued to work on
complex gpplication problems, but under different conditions. Firgt of dl, the scaffold (= the pre
dructured worksheet) amed a having pupils goproach the problem in a systematic way was
gradudly withdravn. Moreover, the exchange of ideas between pupils through KF was
intengfied by having them read and comment on eech others notes (eech group hed to creste a&
leest one note reacting to another group’s solution), and edit their own response notes based on
the comments given by others. This communication via KF was done after the reporters had
imported the response note  of thar own group, and before the whole-class discusson ad
reflection at the end of the two-week period.

Sage 4 two TLUs (TLU 9-10) of two weeks each during which every group had to pose a
problem and put it on KF a the beginning of the unit. Afterwards each group had to act as the
expert and coach for its own posed problem during the rest of that unit. As usud, this problem
posing task was introduced by means of a KF note from FIXIT, who dso made a hep note for
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those groups who had great difficulty with this task. Because the pupils hed little or no prior
experience with pogng problems each dass was given a folder with copies of photogrgphs and

short atides from recent newspapers or other popular publications (such as the wdl-known
Guinness Book of Records) - dl deding with remarkeble quantities or messurements. Every
group was invited to sHect an atide in this folder as a gating point for the condruction of their
problem. After the reporters of the groups has imported the saf-made problems as problem notes
in KF, pupils went to the camputer class where they were indructed to read and solve one
problem posed by another group. They were asked to put their solution into KF, but aso to react
to the response note of the group who had solved "their" problem, and, findly, to read the
reaction note made by the group who "owned" the problem they had solved. Thus compared to
the previous dages, the interactions and the exchanges of KF-notes were more intendve, more
dynamic, and more flexible. The units ended dso in this Sage with a whole-dass discusson, in
which the qudity of the problemposng and problemsolving activity in the groups was
evauated, aswdl asthe qudity of the groups reactions to each others problem solutions.

Stage 5. only one TLU (TLU 11) in which the pupils from al four dasses got involved in an
internationa  two-week exchange project with severd dasses of 11-12-year-old pupils from an
dementay school in Amgerdam, The Netherlands Those Dutch dasses paticipaed dso in the
CL-Net project, and had too experimented with usng KF for learning and teeching mathematica
problem solving during the weeks before this exchange project. Before the Dutch and Hemish
pupils actudly darted to exchange problems and solutions, they were invited by FIXIT to present
themsdves, ther schools, and their dities to each other through KF. To guarantee tha every sdf-
made problem would be addressed by a least one group, FIXIT proposed a lig of pars congsting
of one group of Dutch and one group of Hemish pupils who had to communicate with each other.
As in dage 4, both groups forming a par had to pose a problem to each other, to solve the
problem crested by the other group, to read the other group’s solution of their own problem and
write areaction note, and to read the reaction note written by the other group.

Research instruments for measuring the effects of the CSCL environment

Before and dfter the intervention the following indruments were collectivedly adminisered in the
two fifthrgrade and the two sixthgrade dases in which the leamning environment was
implemented.

A paper-and-pendl word problem test (WPT): two pardld versons of the WPT condructed in
Sudy 1, and congding of ten nonroutine mathematica application problems were used as
pretest and posttest.

A bdiefs and atitudes quedtionnaire (BAQ) about (teaching and learning) mathematica word
problem solving: this indrument was dso deveoped in Study 1, and involves two subscades
(“Pleasure and perggence in solving word problems’ and “A process-oriented view on word
problem solving™).

A mativation guedionnaire this insrument condructed by the Itdian patners in the CL-Net
project, conasts of 35 Likert-like items deding with various agpects of pupils bdiefs and
attitudes relating to learning in school in generd and collaborative learning in particular (BAL).

A short guestionnaire about metacognitive and episemic beiefs (MEB): this indrument was dso
deveoped by the Itdian patners in the CL-Net project. Three openended quegions inquire
regpectively pupils perception of the source of knowledge ("Wha do you do if you want to know
more about something?'), the criteria pupils use to control the knowledge acquigtion process
("How do you know that you redly understand something?'), and the role they dtribute to
exchanging information in knowledge acquigtion ("Do you think it is usful for leamners to
exchange information and ideas with someone ds=? Why (not)?").
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Fndly, a quedionnare gbout pupils familiaity with, beiefs about and attitudes towards
computers (FBACQ): the firg pat of this quetionnaire contains ten informative questions about
pupils familiarity with computers in generd, and with Internet in particular; the second part
involves 15 Liket-scde questions asking for pupils beiefs aout and dtitudes towards
computers and their role in (school) learning.

The desgn of the dudy did not indude a maiched control group. However, the following
reference information is available to evduate the expected progress of the pupils of the four
expaimenta dasses on the above-mentioned tests and quedtionnaires. Fire, dl pretet and
posttest evaudion insruments were dso adminigered in one fifth-grade dass of the same school
that did not paticipae in the project. Second, from the results of Study 1 which did involve a
control group, we have information about the evolution in the scores of a large and representative
group of upper eementary school children on the WPT and the BAQ over a period of four to five
months of regular ingruction in which no spedd atention is given to ether CSCL or to word
problem solving.

Assessing fidelity of implementation of the CSCL environment

Besdes the collective tets and quesionnaires amed a evauating the effects of the learning
environment on a broad spectrum of learning outcomes, the following kinds of data are available
to assess the fiddity of implementation of the CSCL learning environment in the school, and to
reved the difficulties encountered during the implementation process, and how this process was
experienced by the pupils and the teechers.

Pupil notes in the KFdatabase At the end of the intervention the KF-database contained a total
of 665 notes created by the pupils. The different categories of notes (i.e. responses to the
problems generated by FIXIT or by other groups of pupils, reactions to the responses of other
groups, df-generated problems, etc) will be carefully scrutinised from different perspectives
(eg., mathematicd correctness, clarity and condgency of the aticulaion or argumentation,...).
Soecid  atention will be given to compaing fifth and sxthr-graders, and to the progresson
throughout the intervention in the qudity of problen solving, problem posng, ad
communication.

Teacher evaudion forms. At the end of each TLU dl teachers completed a four-page Likert-type
quedionnaire in which they were asked to evauate the different parts of the TLUs the role
played by KF, and the qudity of the support received from the research qaff. They were dso
invited to write Some argumentation or additional comments.

Videotaped lessons. A sample of three representative TLUs - one in the beginning, one in the
middle, and one a the end of the intervention - was videotgped in the two gxth-grade
experimentd dasses, focusng thereby randomly on one smal group of pupils from each dass
From these groups we aso collected dl written notes produced by the group members during the
entire intervention.

Pupils reections to FIXIT's faewdl note At the end of Stage 5 of the intervention, each
experimenta class went to the computer class for one hour, and the pupils were asked to reect - in
ther usud groups - to a farewdl note from FIXIT which ended with a st of quedtions asking
about ther goprecidion of the learning environment and wha they learned from it. In addition
they were invited to read each other's responses and to react through K notes.

Closng meseting with teechers and researchers. Shortly after the end of the intervention and prior
to recaving feedback about the learning outcomes of their pupils, a find meeting with the four
teechers of the experimentd dasses the headmedster of the school, and the members of the
reseerch team was organised. This medting which lagted about one and a hdf hour, was structured
aound a st of 12 questions given beforehand to the teachers and relating to their gopreciation of
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the different aspects of the learning environment, the difficulties they had experienced in
implementing it, and their suggegtions for itsimprovement.

Preliminary results

The data collection of Study 2 was finghed only a few weeks before this paper had to be submitted.
Consequently, the andlysis of the data is currently in progress, and it is by now impossble to give a
complete and definitive overview of the outcomes of the study. Neverthdess we can present
some prdiminary findings based on a firg globd ingpection of the data, and complement them
with our own impressons as partnersin this desgn experiment.

FHra of dl, there is no doubt that the vast mgority of the pupils enjoyed the learning environment
vay much. This is evidenced drongly in thar podtive reections to FIXIT's farewdl note
Indeed, a lage number of these reactions contan dSaements like "We enjoyed vey much
working with KF', "We would like to continue working with KF next year", "Solving word
problems becomes more plessant with KF' and "Posng word problems to each other was redly
funny”. A recurrent negdive aspect reported in pupils verbd and written evauative datements is
that they had to work continuoudy in the same smdl groups Another negaive comment
concarns the pressure put on them in the early dages of the intervention to follow the five-step
draiegy when solving problems, and - egpeddly among the fifth graders - the high levd of
difficulty of the problems All thee postive and negdive dements in the pupils verbd and
written evaudive datements are echoed in the teechers evauaion forms as wdl as in thar
verba comments during the dosing discusson sesson.

Pupils enthusasm about ther paticipaion in the CSCL environment does not necessxily
guarantee that sgnificant learning effects have occurred. As we do not yet have any idea of
pupils results on the different measures adminigtered after the intervention, we can only rely on
the teechers and our own gpprecidion of what the children have learned from ther immerson in
the CSCL environment. Interestingly, there seems to be some discrepancy between the estimation
of the effects by the teachers and by the researchers. Indeed, the teachers came up with severd
illugrations of pogtive deveopments they had observed in ther pupils during the intervention.
More sepdficdly, they mentioned the following observations a number of pupils became more
sysematic in ther goproach to word problem solving; therr negative fedings about mathemdtical
word problems disgppeared; they were more confident when given a nonrroutine mathemetica
problem; they demondraed more perseverance in the absense of immediate success, they
became more interested in taking and ligening to ther pears about different solutions to
problems. But, as resaches we have the impresson tha, while the qudity of pupils
mathematical thinking certainly increesed, the improvement is not as high as we anticipated,
especidly in the fifth-grade dasses the same halds true for the qudity of the communication and
exchange of ideas, both within and between the smdl groups as wel as during the whole-class
discussons.

The teechers were dso very podtive about ther paticipation in the project. While rather skeptic
and anxious a the onset, once they were familiar with the new gpproach to mathematica problem
glving and with KF, and when it was dear what kinds of support they would get from the
ressarch team, they became enthusadic and ther enthusasm increased throughout the project.
This enthudasm was unanimoudy expressed by dl four teechers during the evduative discusson
a the end of the intervention. They dl declared thet they had learned a lot from their participation
in the project, wanted to continue to work with KF next school year, intended to explore new
possihilities of KF both within the curricular domain of mathemetics as wel as in other domains
(language, higory, geography...), and wanted to intendfy the collaboration with the other dasses
and with other schools. However, the teachers dso acknowledged unanimoudy that their growing
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enthusasm had been serioudy put to the test by the unreasonably high amount of workload as a
consequence of ther paticipaion, the many dassoom management difficulties experienced
when redizing such a radicd educationd innovaion in ther raher tradtiona classoom practice,
and the numerous technicd problems encountered during the project (eg., lae ariva of the
computer equipment, breskdown of the server, ...)

As resaches we were redly impresssd by the teachers enthusasm, adgptability and
perseverance throughout the project. However, a very firgd look a the data from the teacher
evduation forms, the videotgpes of the lessons, and teachers comments during the dosing
evadudion sesson, suggests that the qudity of thelr guidance and support during the smdl-group
work and the whole-dass discussons was not as high as required in a red powerful learning
environment. In our opinion, this is not due to the fact thet the teachers did not follow the overdl
sequence of  teaching and learning activities as spedified in the teacher guides for each TLU; the
problem seems rather to be that they did not succeed in fully implementing the demanding
generd teecher guiddines that we condder as crucid for the successful implementation of  those
different teaching/learning activities (Veschaffd et d., in press). Appaently, the radicdly new
goproach to leaning and teaching mathematicd word problem solving, combined with the
introduction of a totaly novd gpplication of computer technology in the classoom, was too
innovetive for the teachers to be implemented entirdy successfully dl a once.

Final comment
In Study 2 “Knowledge Forum” was not given the centrd role it has played in previous design
expariments about the educationd posshilities of KF and its predecessor CSILE (see eg.,
Scadamdia & Beraiter, 1994; Scadamdia, Beraiter, & Lamon, 1994). Neverthdess in our
opinion, the contribution and impact of KF was very subgantid. Firg of dl, the enrichment of
the learning environment designed in Study 1 discussed @bove with a technologicd  component
hdped some pupils to (r€gan thar motivaion for, and plessure in leaning to solve
mathematica word problems. Second, KF dlowed a more intensve and dynamic interaction and
exchange of idess between smdl groups than in the nonKFsupported learning environment of
Sudy 1. Third, knowing that there is a "red" audience for ther solutions and ther solution
proceses, as well as the direct feedback they got from that audience, seeam to have dimulated
pupils to search hader for a solution and for a good aticulaion and judification for ther
solution. Fourth, KF is gpparently an excdlent medium for teeching and learning problem posing
- an ativity which occurs too rardy within the regular mathematics dassroom (English, 1998).
And lagt but not leest, the posshilities of KF to exchange problems, solutions and critiques with
pupils of other classes of the same school and with pupils from other schools - even from schools
located in other countries - offers unique posshilities not only to meke learning mathematicd
problem solving more diractive and dimulaing, but dso to teke the culturd dimendon of
meathematics and mathematics education more serioudly.
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