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Preface

This document contains the guidelines developetheémbers of TELMA as a means for planning,
conducting, and analysing a cross experiment aaexntributing to the construction of a shared
research perspective among TELMA te&nEhis is the product of the PhD students and young
researchers that brought forward the whole activitye actual experimental phase was proceeded
by a reflective phase in which an agreement wageaeti on what research questions to address
during the experiment. On this basis the first iersof the guidelines document was built,
containing all the research questions to be adeldesrit also the experimental plans for each team.
This included the employedidactical functionalitie$ (Cerulli, Pedemonte, Robotti 2006) of the
considered ICT tools, indications of the experimaésettings, and the methods of data collection
and analysis. During the whole experimental ph#se,document was constantly updated, and
shared among the involved persons which were pegthd required to compare the different
activities and reflections brought forward by dietteams. The last version of the guidelines,
reported here, contains also some reflections enettperiment, however deeper analysis of the
results of the project, in terms of developing athudology for integrating researches and
theoretical frameworks can be found in Artiguelet2007) and Cerulli et. al. (2007)

M. Cerulli, B. Pedemonte, E. Robotti

! TELMA (Technology Enhanced Learning in Mathematiup:/telma.noe-kaleidoscope.orig a European Research

Team (ERT) established as one of the activities oéidakcope, a Network of Excellence (IST-507838) sttpd by

the European Communityivw.noe-kaleidoscope.oyg

2 (DIDIREM) University Paris 7 Denis Diderot - DIDIREMFrance; (ETL-NKUA) National Kapodistrian Univessit

of Athens - Educational Technology Lab - Athens, Gee€CNR-ITD) Consiglio Nazionale delle Ricerchmstituto

Tecnologie Didattiche - Genova, ltaly; (LIG) MeTAHGIUniversity of Grenoble, France; (UNILON) Univessiof

London - Institute of Education - London, UK; (UN)SJniversity of Siena - Department of Mathematitsly.

% See also TELMA papers on the Kaleidoscope archive:
http://www.telearn.org/browse/publications/collecit? &collection=28
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1 Introduction (Cerulli, M., Pedemonte B., Robotti, E.)

This work is the result of an on-line collaboratiamong students and young researchers of
TELMA teams. The main aim of this collaboratiorthe integration of TELMA teams by means of
a cross experiment. The object of this experimeat deeper understanding the potential of the ICT
tools employed by TELMA teams in a variety of edimaal situations. Moreover it will address
aspects related toepresentationslearning contextstheoretical framework which have been
selected as the main themes of interest of TELM#jqut.

For the experiment we chose to use tools (see Tigkleat are developed by some TELMA teams,
and that can be employed to address a common maticahknowledge domain: algebra.

Tool Developer’'s team Experimenting TEAM

MeTAH-Grenoble |ITD, Universita di Siena

ETL-NKUA UNILON
ITD MeTAH-Grenoble, DIDIREM- Paris VII, ETL-
NKUA

Table 1 The tools employed by TELMA teams in the cross expemnim

TELMA teams agreed on the duration of the experin{emore or less one month) and on the
average school level (8/9 level).
This document provides a set of guidelines for dasign of the experiment. The guidelines are
built on the basis of a three sets of questionectsd collaboratively by the involved teams, that
refers to the three main themes of TELMA. Eachafejuestions is a selection of a bigger set of
scientifically relevant questions that were indéchin a document produced by an expert TELMA
researcher of the theme (see appendix 1). The fjnaktions were selected with an on-line
collaborative process according to the followingmaiterions:

- relevance for the largest number of TELMA teams

- interests of TELMA teams

- feasibility (considered also time and pupils’ agestrains)

The selected questions are presented in this dodumebold italic, and are interlaced with
comments aiming at clarifying the meanings of tikesgions and at organizing them. Each team
will have to answer the questions according toitidkcations provided in this guideline. We begin
presenting a key question concerning the researals @f the experiments.

1.1 Research goals

The question we consider in this section can berpnéted both as referring to research aims or
educational aims. For this reason, we presentdetatarting focusing on the research aims.

What are the precise aims of your experiment ane tjuestions you want to focus on?

Below we list the aims of this research:

- studying how differences of theoretical framewor&sntexts and educational approaches
may influence the effectivenes and potentialitita tol. In particular for each tool we are
interested in the comparison between the praatigaeriment and the scenarios indicated by
the developers of the tool. The analysis can beedam a comparison between the
theoretical framework used by the designer teamthatduesd by experimenting team; the
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learning context considered by the team designat #rat put in practice by the
experimenting team; the caractheristics of reprsem assigned to the tool by the team
designer and those exploited by the experimengagt

- deepening the theoretical constructlimfactical functionnalitieson the base of the previous
analysis.

- [if you think, you can add others research aimd ttem be shared by the teams]

1.2 Tools

In order to study each tool and its educationatépilities we need to know its key elements and
the key ideas underlying its design; this inforrmatwill be required to the teams that developed the
tools. Such information will also be useful to helperimenting teams in designing their activity.
Each team will also have to answer the 9 seleatedttpns concerning the experimented tool. The
guestions have been classified according to amoa-persus a-posteriori criterion:
- 4 a-priori (with respect to the experiment) queasticaims at collecting information
concerning the design of the experiment.
- 2 a-posteriori (with respect to the experiment)iogs aims at individuating, collecting
and gathering the results of the experiment.
- 3 a-priori/posteriori (with respect to the expemt)eare questions for which we aspect a-
priori answers that can be integrated/comparedwiloa-posteriori (or in itinere) answers.
Answers to the a-priori questions have to be predibefore the beginning of the experiments, and
will constitute themselves an integrated part & guidelines. Also the first answers to the a-
priori/posteriori will need to be provided beforbet beginning of the experiment. Finally a-
posteriori answers will be provided after the expent. The scheme of the questions to be
addressed for each tool is represented in Tabléolywed by a section for each tool with
indications of the questions each team has to anisgfere and after the experiment.

“ Given an ICT tool, and an educational goal, it issilole to identify itglidactical functionalitiegCerulli, Pedemonte,

Robotti, 2006):

“With didactical functionalities we mean those peofies (or characteristics) of a given ICT, andity (or their)
modalities of employment, which may favor or enkateaching/learning processes according to a sjpecif
educational goal.

The three key elements of the definition of dheactical functionalitief an ICT tool are:

1.a set offeatures/characteristics of the tool,

2.a specificeducational goal,

3.a set oimodalities of employinthe tool in a teaching/learning process refereeithé chosen educational goal.”
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Brief description of the instrument, explaining kisy ideas

Indicate the theoretical framework employed to giesind implement the software

I #9

What theoretical frame(s) do you use and w

motivated your choice? How do you see th

potential and eventually limitations for this prcije
This question is relatively “open” and the answstsuld
be very instructive for us about how each team wavikh
his own culture.

hat
eir

What are the precise aims of your experiment and

the questions you want to focus on?
This question refers to the didactical aims of
experiment. For this reason, in order to answerst
guestion, it is necessasry to have an idea abaud#sign
of the experiment

he
hi

What is the type of researq
that you follow (e.g.
classroom based, cas
srudies) and how is thi
related to the kind of you
research focus;

Which characteristics of th
activities and tasks do yo
think they support the
generation of meanings in
constructionist of

experimental or even playfy
WAV

In your opinion, in which ways do your theoretig

choices have influenced:

— the analysis of the software and the identificatidn
its didactic functionalities (software feature
educational aims, modalities of employems
including the configuration of the software)?

— the conception of the experiment?

— the choices of the data and their analysis?

the results you obtain and the conclusions you dram
these?

al

ent

Do users also use other mod
of representation not provide
by the tool itself (e.g. pape
and-pencil representation
calculator)? What are these a
what does their function appe
to be? How do these modes
representation relate to tho
provided by the tool?

What forms of feedback an
provided? How are solution
validated and by whom (e.g. b
the tool itself, by a teacher, b
peer- or self-validation?

What is the “distance” betwee
the objects and the means
manipulating provided by th
tool and those used in paps
and-pencil based work withi
the target domain?

How do you capture/analyg
the role of the tools in pupil
problem solving processes

solutions?

>
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4

[
Table 2 The questions to be addressed for each tool bylaeeand experimenting teams.
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2 Aplusix

2.1 Developer's team: LIG (Bouhineau, D., Nicaud, J.-F.)

- Brief description of the instrument, explainingkey ideas
- Indicate the theoretical framework employed to giesind implement the software

The main goal of the developer's team has beenetigd and develop an interactive learning
environment for algebra which would allow studetsfreely build and transform algebraic
expressions and would also provide feeditackelp them to learn. The APLUSIX system has been
developed to incorporate these ideas. These arkethedeas used to design and implement the
software.

APLUSIX also includes a Computer Algebra Systenmeasm that commands corresponding to
the types of problems encountered by students hoddcalgebra (e.g. expand or factor an
expression, solve an equation) are available. Kpedaation is that the commands may help solve
the exercises but they do not solve them diredgrameterisation of the system allows these
commands to be hidden if the teacher does not weigiermit the student this sort of support. The
software is intended to be usable either in a obh@ss situation or by a student working
independently. These are less important ideas dbewtesign and implementation of the software.

Students build their own expressions; it doesn’amthat the implementation of the software
relies on the constructivist theoretical framewdPkwerful feedbacks are given to the students; it
doesn't mean that the implementation of the softweglies on the behaviourist theoretical
framework.

The APLUSIX software has been designed and implésgemaking into account various
theoretical frameworks, and no one in particulbhals been designed and implemented, such that it
could be used in most of the theoretical framewdkscio)constructivism, (neo)behaviourism,
instrumental approach, theory of didactic situajon.).

g "o,
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2.2 Experimenting team 1: ITD (Cerulli, M., Pedemonte B., Robotti, E.)

2.2.1 A priori (with respect to the experiment) que  stions aiming at collecting
information concerning the design of the experiment

General

What theoretical frame(s) do you use and what matad your choice? How do you see
their potential and eventually limitations for thiproject?

Research developed by ITD team is aimed at studyavg new technologies, if inserted in suited
contexts, can contribute to the construction obirative environments that can enhance learning
processes and can also change traditional apptoadhool teaching.

We consider Aplusix tool in this perspective.

A software tool can have an important role as #éifeat mediating teaching and learning processes,
but it is only one of the components of the whalginment. Not less important are the pedagogic
activities in which the use of the tool is integatthe way in which these activities evolves, the
social interactions that take place, and the wayhicth the work is organised and embedded in the
general structure of the school and of the educatimstitution.

The attention to the learning environment as a whws brought us to progressively refer to
theories that highlight the importance of studyihg relations among individuals, mediating tools,
and the social groups. ITD team have made referémgarticular, to Activity Theory that gives us
a framework, namely terms and notions associat¢do®e terms, that ITD team considered useful
for analysing the learning environment where thd I®ols ITD team have developed are
integrated. Referring to Activity Theory, ITD teanterpret a learning environment as constituted
by the enactment of a teaching and learning agtimitented to an educational object, involving
students, teachers, and tools. A learning envirarinsenot something that is assigned or planned in
advance, but it is negotiated and built by paréiofg in the enactment of a teaching and learning
activity and evolves during its development.

Activity Theory has given us a reference for makiegplicit and for analysing the main
components that shape technology mediated leammvgonments, and has suggested a way to
examine how such components interrelate. More Bpalty, ITD team use the Cole and
Engestrom model of the complex relationships betwe&ements in an activity (Cole and
Engestrom, 1991). This model allows us to developethodology for performing the analysis of
the learning environments where ARI-LAB is integ@@(see activity theory in annexes).
ITD team has defined a methodology for analysirgriang environments mediated by technology
through the identification of three main directioné analysis on the basis of the Cole and
Engestrom s model of activity. The three directichsntified are the following:
How the educational technology used can mediate ways for the learner of accessing,
representing, and interact with the concepts, pheas, and rules that are involved in the
acquisition of a given mathematics knowledge whicimstitutes a learning object for a
teaching and learning activity.
How the educational technology used can contritbotéhe design and the enactment of
didactical practices aimed at an evolution in tee af the rules related to the knowledge to
be learnt and to the construction of appropriatgsraad meanings for using them.

G ~—T
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How the educational technology used can contribut@ediate the assumption of new and
old roles by patrticipants in the didactical pragtic

Analysis of Aplusix tool

What forms of feedback are provided? How are sadmts validated and by whom (e.g. by
the tool itself, by a teacher, by peer- or selfidation?

The main kind of feedback that we are going to expgioncerns the relationships between the
statements/expressions inserted by the user igytem and the following statements/expressions
produced by the user starting from them. In thisecthe software provides a 3 values feedback
concerning the correctness of the statemente/esipreshe user is writing. The 3 values are:
correct (the connecting lines are black); uncori@#ee connecting lines are red with a cross);
unknown (the connecting lines are blue with a gross

This kind of feedback may enable the student tomptish a task and validate his/her solution of
a problem with the aid of the computer, without itmervention of the teacher. Moreover, because
this feedback is given constantly, at any momerthefinteraction, we hypothesise that the user
may be constantly stimulated to reflect on eaclylsirstep. Moreover we believe that ad hoc
designed activities with Aplusix may help the pupilfoster/develop his/her own control systems.
For these reason we believe that this tool is Blatdor supporting pupils with difficulties,
however with some limits that we will discuss fuatlon.

Before we discuss the limits we would like to obsethat two kinds of “objects” can be inserted
in the software: algebraic expressions and statetar(e.g. those that include the symbols “=",
“<” “>"). In the first case, the provided feedlkabasically informs constantly the user about the
equivalence or not between the original expresaiuth the expression that is being produced by
the user. The second case instead, is a pecukarb@cause the control on the “correctness”, and
the related feedback, is based on the truth valsssciated to the statements, in the sense that if
the produced statement has the same truth valule afriginal statement, the step is indicated as
correct, and vice versa is indicated as uncorfettel truth values are not the same. As the truth
values can be only “true” and “false”, any “trud¢atement can be followed by any other “true”
statement which may don’t even be related to thgiral one; in the same way any “false”
statement can be followed by any other “false”est@nt which may don’t even be related to the
original one. More over, the software does not @ewany indication on the truth values of a
single statement, this implies that in order teeasshe “true”-ness of a statement one has tdyfirst
introduce a statement that is surely true, and theonduce the considered statement and see if
they hold the same truth values.

Fig. 1 Feedback provided concerning the truth valuesadéments
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This issue has strong implications in the desiigtasks to be proposed to pupils. For instance if
one wants pupils to produce a fraction that is Enahen 2/3, in order to exploit the feedback
provided by Aplusix, one has to previously introdwe true statement and propose the statement
with the unknown fraction as a follow up, as showHig. 1.
The example shown in Fig. 1 introduces another mapb issue that we see as a limit of the tool,
that is the fact that it doesn’t allow to freelys@mt any kind of expression/statement, and that
doesn’t allow manipulations without previously iodiing the typology of task, to be chosen
among a very short list of prebuilt tasks: Calculeveloppér, Factoriser, Résoudre. In particular
we observe that each typology of task admits omynes specific kinds of expressions or
statements, which means that if an expressionadersent is does not correspond to certain not
well specified characteristics, it simply cannotibgerted. However the software provides textual
feedback with hints concerning what kind of expi@ss/statements can be associated to each kind
of task. We believe that it would be very usefuladmit the insertion and manipulation of
expressions and statements without the constrditisecbuilt-in typologies of tasks. In fact this
constrain is a strong one and affects any attengptdésign new activities forcing
researchers/teachers to overcome this specifiadiest with the help of their own creativity. In
particular in the example of Fig. 1 the intendesktto be proposed to pupils is “fill in the table
substituting the question marks with fractions”this case when the pupil tries to insert a frarctio
the feedback provided by Aplusix will help him/halidating the correctness of his/her solution;
however, the only way to insert a statements [R&*0" (and then producing such a table with
empty slots) was to firstly chose the task “resetigwhich means “solve”) which has nothing to
do with the task actually proposed to pupils, tthesteacher will have to tell pupils to ignore the
writing “resoudre” and will have to provide a weitt or spoken introduction to the task.
Among the functionalities that we plan to use fa éxperiment, we also plan to exploit:
o0 the possibility for the user to insert commenteath step of the manipulations
o the possibility to insert “open” statements/taske for instance the one shown in Fig. 1,
where “empty” values are represented by questiarksna
o the possibility to record the actions performedtry user and to see them a posteriori, this
may be exploited either for research issues, etth@rovide pupils a tool to analyse their
own work or other pupils’ work.
Finally we would like to observe that the strongits on the kinds of expressions/statements that
can be considered influenced strongly the choi€esioexperiment. In fact in the software it is not
possible to insert polynomials with degree highleent 4 and it is not possible to insert fractions
with letter at the denominators. This put, in oase limits on:
the idea of introducing algebra in terms of geneirag arithmetic.
The idea of generalizing the properties of fractiand powers
What is the “distance” between the objects andiibans of manipulating provided by the tool and
those used in paper-and-pencil based work wittertdlhget domain?
The key distance that we consider is based oratttetiat in paper and pencil one has total freedom
to write any kind of task, and to perform any kimidmanipulation on algebraic objects, whilst in
Aplusix there are strong constraints, especiallfhentasks, the expressions and the statements that
can be written/chose. On the other hand, Aplusovided the feedback that we described above,
that cannot be provided by the paper and penciir@mwment. As we previously suggested, this
could be exploited as a mean to develop pupilesystof control, but according to our theoretical
frameworks, this cannot be taken as granted; itiqodar we believe that specific activities should
be designed in order to help the pupil becomingpeshdent from the tool; in fact in the paper and
pencil environment the control on correctness ideurthe responsibility of the pupil, whilst in
Aplusix is under the responsibility of the tool.rRhis reason, we plan to exploit both, Aplusix and
the paper and pencil environment.
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Design of the Teaching Experiment

Describe briefly the key ideas of your experimamd ghen answer to the following questions

The key idea is that of exploiting the feedbackvpted by Aplusix as a means for supporting
pupils in remedial activities concerning numerifralctions. In particular we hypothesize that the
control systems embedded in Aplusix, under speabaditions, may be acquired by pupils
reinforcing their self control systems concernipgi@tions with fraction. We present a draft of our
teaching experiment in an annex.

What are the precise aims of your experiment aadjtiestions you want to focus on?

Specific educational goals

Reinforcing pupils operational skills with fract®en

Reinforcing relationships concepts such as equina®ef fractions and ordering of fractions
Reinforcing pupils self control systems concerning handling of fractions. The objective is that
pupils become able to enact strategies to reco@mnipes, correct errors and avoid errors.

Specific research goals

Can, and how, Aplusix (with it'sontrol feature feedbagloe exploited in order to:

reinforce pupils operational skills with fractions

reinforce relationships concepts such as equivalehfractions and ordering of fractions

help pupils in controlling and reflect on their iacs and to develop strategies for overcoming
mistakes.

reinforce pupils self control systems concernirgliandling of fractions.

Is it possible to exploit thiace featureas follows:

letting the pupils use it as a means to analyse wwk, commenting their productions step by step,
finding and commenting mistakes.

as a starting point for setting up class discussion

Individuate and define classes of educational aies/that exploit Aplusix and that result to be
effective in order to reach the above mentionedcational goals. As a consequence specific
didactical functionalitiegor Aplusix will be defined.

What is the type of research that you follow (&lgssroom based, case studies) and how is this
related to the kind of your research focus;

The research is classroom based. In particulareimedial activities will involve all the class as a
means to recall the contents of the previous scheat. However hopefully each pupils will have
chances to work on a computer on his/her own, tscthe aim is that each single pupil reinforces
his/her own abilities and control systems. We alsm group activities, such as class discussions,
where concepts will be shared.

Which characteristics of the activities and tasks you think they support the generation of
meanings in a constructionist or experimental @neplayful way?

For this experiment we are not concerned with #megation of new meanings, rather we focus on
reinforcement and revision of meanings already istudby pupils in the previous school year.
Moreover we focus on the construction and reinforeet of control systems. With this respect the
characteristics of the activities and tasks thapiae to exploit are:

Tasks are open, in the sense that pupils aredett&r explore and/or try different solutions. Tisis
possible because of Aplusix’s control feature, ttalktes the responsibility of controlling the
correctness of solutions, letting pupils free tou® on the production and analysis of the solutions
themselves.

The tasks are designed in order to favour the oactsdn of relationships between concepts and
aspects related to fractions. For instance in Fitpe ordering of fractions is put in relationshiiph
sum of fractions.

10
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The tasks are designed according to non standamebaghes to concepts related to fractions. For
instance pupils may be asked to decompose a frartio a sum of 2 or more fractions like in the
example in Fig. 1.

How do you capture/analyse the role of the toolsupils problem solving processes or solutions?

- analysis of solutions produced by pupils with égk and the related traces recorder with the
trace feature

- Field notes

- analysis of solutions produce by pupils with pagred pencil with particular focus on any possible
reference to, or trace of, the use of Aplusix.

- analysis of class discussions with particulaufoon any possible reference to, or trace of, fiee u
of Aplusix.

- Eventual clinical interviews of pupils and/or ¢hars | focusing on aspects that we individuate as
relevant during the experiment.

2.2.2 A posteriori (with respect to the experiment) guestions aiming at
individuating, collecting and gathering the results of the experiment.

The experiment was experimented in two classes & Bn(age 11-12) of two Schools. The
experiment were experimented in the school compuédroratory of each school. Such laboratories
are equipped with PC.

The experiment has been experimented within thenarg school time (no extra time was
required).

The classes A involved in the teaching experimest wf 14 students grouped into 7 groups. The
classes B involved in the teaching experiment wd9atudents grouped into 9 groups.

Students of the two classes participated to a@esditwo hours per week. The experiment covered
a total of 10 hours. The experimentation begarhatdnd of October and ended at the end of
November.

Each students group had at his/her disposal a RCewkplusix was installed. Two persons of ITD
staff was always present during each session. Beads present too.

Is there any difference in the answers that you gasluring the a priori analysis at the
following questions?

The answers given a-posteriori try to take intooact what has been observed during the
experiment; in a sense the answers given a-pniertaabe interpreted as “plans” and “hypothesis”,
whilst the answers given a-posteriori are to beerpreted as observations of fact and
verifications/confutation of hypothesis. Here weiaed to repeat things that are unchanged from a-
priori answers (unless they weren’t particularlyportant), indicating references to the documents
containing a-priori answers.

Our a-priori answers contained some hypothesis er are going to discuss two of them for
which we obtained some clear results from the expsant.

Hypothesis 1 (Aplusix tasks constrain might affeits impact/effectiveness/easiness®): our a-
priori answers we observed that Aplusix has strmamgstrains on the kinds of “tasks” that it accepts,
which are only for, non of which correspondinghe tasks we were planning to propose. This was
overcome by telling the pupils to communicate tdusix that they were accomplishing one of the
tasks he recognizes, but to accomplish insteadaties we were proposing them orally. We were
afraid that this could confuse pupils, but actuéliyurned out not to be a problem, as pupils sympl
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ignored Aplusix’s request to specify a standarcgKtait was taken as a start up procedure, not
affecting the rest of the activity.

We had a similar problem with the fact that in ertiehave a correctness feedback for statements
(within certain tree graphs) one has to previoirsbert a correct feedbatkn this case the ready-
made statement was given as part of the startinditons of the task, and again this issue didn’t
influence relevantly on pupils’ accomplishment loé tasks.

Hypothesis 2 (constant correctness/equivalence baatt implies stimulus to reflect?)n our a-
priori answers, considering the equivalence (oreminess) feedback of Aplusix, we hypothesised :
“because this feedback is given constantly, at amyment of the interaction, we
hypothesize that the user may be constantly stiediléo reflect on each single step.
Moreover we believe that ad hoc designed activivgl Aplusix may help the pupil to
foster/develop his/her own control systems. Fos¢heeason we believe that this tool is
suitable for supporting pupils with difficulties [..
With this respect the experiment as a whole (inclgdoftware, educational goals and modalities
of employing Aplusix), suggests that actually Aptusan be of help in fostering pupils’ control
systems, and can be suitable for supporting puwytls difficulties. However, the experiment also
showed that this is possible only under certaindd@ns. In fact the first part of our hypothesis
resulted to be false, in the sense thatconsidered feedbadid not stimulate constantly pupils to
reflect on each single stepn the contrary, it resulted to be an incentige gupils to “random
alike” or “trial and error” strategies, simply bers it is easy to try out many solutions, and spone
or later one will guess the right one. Pupils’ eeflons on what they were doing was instead
obtained by means of specific tasks requiring thenformulate and discuss the strategies they
employed for solving the proposed problems; in thégy, even those who solved the problem “by
chance” or by “trial and error” had to develop aadidate a strategy; without such a request, many
students wouldn’t have reflected on their solutiahall.

What forms of feedback are provided? How are sadut validated and by whom (e.g. by
the tool itself, by a teacher, by peer- or selfidation?

The main kind of feedback that we was used concdhgs relationships between the
statements/expressions inserted by the user igydtem and the following statements/expressions
produced by the user starting from them. In thisecthe software provides a 3 values feedback
concerning the correctness of the statement/expreise user is writing. The 3 values are: correct
(the connecting lines are black); incorrect (thermxting lines are red with a cross); unknown (the
connecting lines are blue with a cross).

This kind of feedback helped students to accomplish proposed tasks and to validate the
solutions developed in paper and pencil, withoatititervention of the teacher.

This kind of feedback may enable the student tompdish a task and validate his/her solution of
a problem with the aid of the computer, without itiervention of the teacher.

In particular in our experiment this feedback haerbinterpreted also in terms of a feedback
concerning the equivalence of expressions. If vierjpmet to consecutive expressions in Aplusix,
instead of considering them as one consequencéeofother, we considered them as two
expressions to be compared; thus the feedback dqadvoy Aplusix can be interpreted also as
follows: equivalent expressiohéthe connecting lines are black); non-equivaleqpressions (the
connecting lines are red with a cross); unknowa @bnnecting lines are blue with a cross).

® (see TASK 4: http://vds.univ-lemans.fr/groups/TELMALfo/main/349273376748)
® It works either with expressions or statementduitiog the symbols <, > and =, as we explained un @ priori
answer to this questions (see TASK 4: http://vds-minans.fr/groups/TELMA/forum/main/349273376748)
o 12
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We observed that such equivalence feedback wastigffein order let pupils test, try out or

explore solutions for the proposed problems. Howsueh solutions may fail to be abstracted into

strategies, and with this respect it turned odteery important the request for pupils to vermli

their strategies inserting comments in Aplusix @dmitted also paper and pencil). However, it

remained the issues of validating the developedegres, and such validation could be not offered

by the tool, thus needed the teacher’s interventiois leads us to the last 2 kinds of effective

activities:

1. The teachérproposes pupils to apply the developed stratdgiesolving new problems; some
times the new problems are ad hoc designed fasgheific strategies considered.

2. The teacher orchestrates a class discussion whefferent strategies are discussed and thus
validated, or not validated, by the class.

Pupils working in pairs (or small groups) fostertb@ elaboration of strategies that had to be
shared by the members of the pair.

The possibility of the teacher to interact with rpawhile they were involved in the activities
resulted to be crucial for stimulating the discassi among members of pairs, for stimulating
verbalization of strategies, and for discussing \thkdation of developed strategies. Aplusix, in
fact, is not able to validate the whole strategyesblution but rather the result of the resolution
The possibility for the teacher to orchestrateliscussions (which we could instantiate only in
class B) concerning the strategies resulted toffeeteve for validating and institutionalizing the
found strategies.

In some cases the solutions of problems were waliday pupils in terms of confrontations with
other groups, or in terms of confrontation with @aand pencil computations.

What is the “distance” between the objects and theans of manipulating provided by the
tool and those used in paper-and-pencil based warthin the target domain?

Distance in terms of freedom

In paper and pencil pupils are more free to writeatever they want, and to use computations
procedures they are confident with. On Aplusix ¢hare constrains on what can be written and how
it can be written (for instance one cannot declue “shape” and dimensions of an expression);
however, on the other hand with Aplusix it is pbtsito easily delete a value or expression and
substitute it with a new one, which makes easidrjtmut several solutions in a little amount of
time

Distance in terms of validation

In paper and pencil there is no built in validat&ystem, pupils can validate their solutions only b
executing new computation, or by reflecting on thegilutions and discussing them, or by asking
the teacher to validate them.

Aplusix, instead, with respect to the proposed sagjave validations of the numerical solutions
found by pupils (but did not provide validations tbe employed strategies, for which teacher’s
interventions could not be avoided).

Distance in terms tasks
Aplusix, when a session is opened, admits onlyndiskiof tasks, none of which corresponds to the
tasks we proposed, this obliged us to chose otieeofiven tasks in order to enter the system, and

" In the experiment these interventions were dotieeby the teachers or by the researchers adkiegdachers.
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ask the pupils to ignore the task indicated by Apdiand accomplish the task provided by as orally
or in paper and pencil. However such distance tlisgem to affect the experiment.

Distance in terms of representations of objects

It is possible to represent “unfilled” expressidimh in paper and pencil and in Aplusix, but on the
computer it is possible at any time to fill the dynpoxes and if needed to delete them or substitute
the inserted number.

In Aplusix it is possible to build dynamically tletructure of an expression (even made only of
empty boxes), while in paper and pencil one hdslésign” the structure of the expression before
writing it, as, once written, it is static and cahbe changed. This also implies that in Aplusiisit
possible to change at any moment the structurenoéxpression (or statement), which is not
possible in paper and pencil.

The structure of an expression in Aplusix is bhbytinserting one operations after another (in the
expression), which results in an automatic charigbensizes of boxes, of fraction lines, brackets,
etc.; such a procedure is very hard in paper andilpgecause automatic resize is not available, and
one needs to plan the complete structure of theesgn (with sizes) before writing it.

Such procedure also obliges to clarify ambiguitedated to precedence issues and to commutative
properties, as such ambiguities can lead to builéxoression which is different from the one the
user wants to write.

How do you capture/analyse the role of the toolspaopils problem solving processes or
solutions?

The evaluation data which we considered are thevioig:
Evaluation tables (to evaluate each group of student in each sessi@bles concerns:
facility of use, impact and efficacy. Evaluatiomles are specific for each session. In total
we have 5 evaluation tables for each class, onedohn session.
Video recorder (to evaluate a particular group for each session)
A recorder (to evaluate two students groups for each session)

In the two classes evaluation tables had been @ietplfor each students group and for each
session. In this way, at the end of the experimirtias been possible to evaluate the learning
evolution of each students group comparing theltestithe tables. Moreover, has been possible to
make an analysis to evaluate the general learmvolyigon of the two classes.

Evaluation tables have been constructed on thes lmdighe a-priori analysis of the tasks of each
session with the aim to provide answers to thetguresof guidelines. The first column of the table
describes the contents corresponding to the matieahaducational goal of the task. The second
column highlights the characteristics/features e software that were involved in the pupils’
accomplishment of the task. The tables were fi{ledresearchers) during the sessions and used as
means for evaluating: if students were able to tiee characteristics of the tool; if their
competences evolved during the experiment; if anal learning of the topics considered had been
supported by the tool.

These characteristics have been evaluated consjddriee parameters: easy of use, impact and
effectiveness.

14
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With the parameter “easy of use” we evaluate trseneas/difficulty which user could have in the
interaction with a particular characteristic of dudtware. For example, we evaluate the diffictidty
use the insertion of expressions, or the use efgraphs.

With the parameter “impact” we evaluate how pupdact to a given characteristic of the software
at the moment of its use. For example, we evalutitedmpact of the red equal of Aplusix (which
corresponds to an error made by the user) consgléor instance: if it is clear or if it is suffemt

to help student to change strategy.

With the parameter “effectiveness” we evaluate houch the characteristic of the software is
useful to achieve the educational goals describatie first column. For example, to evaluate the
effectiveness of the feedback feature we evaluate imuch it appears to be good in terms of
helping pupils overcoming and understanding errors.

For each parameter 4 values have been assigned:
1 = a fail marks

2 = a pass mark

3 = a good mark

4 = an excellent mark

Below is an example of evaluation table referreth®fourth session: ordering, multiplication and
division of fractions.

Characteristics | Easiness | Impact Effectiveness
and properties

Insertion of | Virtual keyboard 1 2 3|1 2 31 2 3

expressions n = 4 4 4
Standard keyboard | 1 2 3|1 2 31 2 3
n = 4 4 4

Manipulation Equivalence 1 2 3|1 2 31 2 3
Feedback 4 4 4
Multiplication and | 1 2 3|1 2 31 2 3
division of fractions | 4 4 4

Using tree | Ordering of | 1 2 3|1 2 31 2 3

graphs fractions 4 4 4
Multiplication and | 1 2 3|1 2 31 2 3
division of fractions | 4 4 4

Using other | Paper and pencil

means of | n =

representation

Comments

The analysis of the collected data has been coedutterms of:
- comparison with the a-priori analysis of each task
- comparison between the experiences conducted itwibn@lifferent classes; in fact the age
were the same, but the teacher, and modalitiesrafucting sessions, were different
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- discussions with the teachers.
- Discussions among researchers.

Do users also use other modes of representation provided by the tool itself (e.g. paper-
and-pencil representations, calculator)? What arbese and what does their function
appear to be? How do these modes of representatdate to those provided by the tool?

In the two analysed classes (class A and classd)riodes of representation not provided by the
tool but used by the students are:

- Paper and pencil representations

- Calculator representations

Paper and pencil

The groups of pupils of Class A used paper andipeqresentations regularly, whilst the groups
of pupils of class B used it now and then.

Paper and pencil representations appeared to hgecffic objectives:

- Support for solving the proposed problems:

o in class A we observed 3 groups over 7 solvingptablems in paper and pencil,
and then transcribing them in Aplusix mainly be@atisey were required to work
with Aplusix, as if (we might hypothesize) they weatoing it because of the class’
didactical contract.

o In class B, 2 groups over 9, in each session, tsedecute computations in paper
and pencil, and to exploit Aplusix for validatinghet correctness of their
computations.

- Support for computations in order to avoid mentahputation&
o0 In class A 7 groups over 7 always used paper andilp® execute computations
manually.
o Inclass B, 3 groups over 9 sometimes used papkepancil for the same reason (in
particular when computations resulted to be diffjcuin this class Aplusix was then
used to check the correctness of the computatioesuéed in paper and pencil.

- Support for writing extended comments:
o In class A, 3 groupsover 7 used paper and pencil for writing the comimehat
were too big to be inserted in the Aplusix’s detkdacomment cells (they could
contain a limited number of characters).

- Support for taking notes:
o In class B, all the groups sometimes used papeipandil for taking notes derived
from class discussions or from interactions (argditintionalizations) guided by the
teachers and the researchers.

Calculator
In class A one group used a hand calculator appostfor executing computations.

8 Notice that Aplusix doesn’t execute computatiandess a specific command is not used, which washeocase of
our experiment, as in class A pupils simply didaibw that such command existed, and in class Bag inhibited by
didactical contract.
° The same groups as above
o 16
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In class B, 4 groups over 9, used the Windows hniltalculator as a support for executing
computations, and one group uses a hand calcdtatohe same purposes. After 2 sessions some
pupils realize that Aplusix has a computation comehdut the teacher and researchers inhibit the
use of such command and of calculators. Neverthdlesy go back to use hand calculators and
windows calculators.

In your opinion, in which ways do your theoreticahoices have influenced:

a. the analysis of the software and the identifimat of its didactic functionalities

(software features, educational aims, modalities @&mployment including the

configuration of the software)?

b. the conception of the experiment?

c. the choices of the data and their analysis?

d. the results you obtain and the conclusions yaaw from these?
We are going to answer the first two questions imagative form, describing how our experiment
was originated.

Preliminary constrains

Because the joint experiment was planned by theMA&Igroup as a whole, it had to take into

account the following constrains:

- The joint experiment constrain concerning the todde used

- TELMA constrains indicating the age range and theu$ on fractions and early algebra the
researchers’ will: we had previously been inforrbgdhe Siena team about an experiment that
they developed and in which Aplusix resulted tahe=ffective tool for recovery activities

The educational goal

First of all we started from a generic educatiogall concerning the recovery of aspects

concerning fractions and powers witl grade pupils. This first choice was taken in agreset

with the teachers that were going to instantiate ékperiment, and was due basically to the

following issues:

- the experiment was to be developed at the beginoiray school year, thus a period which is
suitable for recovery of what was done in the presiyear

- the teachers’ will;

Given this general aim, in agreement with the tegolve decide not to focus on the mere execution
of computational techniques, but on understandihguch techniques, and of the properties of
powers and fractions. As it was supposed to be @very activity, this assumed that
somehow/somewhere previous standard activities,edbasn acquisition of computational
techniques, had produced some lack of understandirfgpwever, “something to recover”. For this
reason we decided to avoid standard computatioc@itees and to look for other kinds of
activities to be addressed to Aplusix. Notice tAplusix has been on purpose designed to support
standard activities, thus we had to look for akine ways to employ it.

The analysis of the tool Aplusix
On the basis of the above discussion, we begarpiore Aplusix, and try out activities, looking
for the possibilities to set up open ended taslesyeasons for this choice are to be individuated i
- the particular educational goal, as we wanted ttugoon comprehension rather then in
execution of computational techniques and of prigepf fractions and powers.
- A socio-constructivist hypothesis concerning pupdistive involvement in knowledge
construction and negotiation of meanings througliasanteraction

17
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- Open ended activities would have helped the praooiucodf different solutions to the
problems, giving a chance to instantiate discussioong groups and class discussions.
This being of course related to the above socisitoativist hypothesis.

The analysis of the software was conducted by ésearchers by exploring its possibilities trying
out what it was possible to do with it.

First of all it was noticed that Aplusix doesn'toal to accomplish any task without previously
indicating what kind of task one wants to accontplishoosing among 4 kinds of tasks (compute,
solve, factorise, develop). Such pre-defined kitag&s correspond to standard computational tasks,
thus they correspond exactly to the tasks that aeted to avoid in the experiment; moreover, the
software doesn't allowing defining new tasks. Fos teason it was decided that in the experiment
we would have presented the tasks orally or int@miforms, outside Aplusix, and asking the pupils
to ignore the specification of task required by Ugix. In this way it was possible to present to the
pupils any kind of task and to skip the constrairevided by the tool.

One of the first things that we tried it was to lexp the possibilities of manipulating numericatian
literal expressions in order to work toward gerieedion of rules for computing with fractions and
with powers. This implied that we needed to be dblevrite and manipulate expressions where
letters could be situated in any place and in angl kf expression with powers and fractions. For
instance, in order to express and cope with thiitieh of power, we wanted to be able to write
expressions such as™and "&", which weren't allowed by Aplusix; the same hamgzbalso with
fractional expressions with letters as denomindkbrs put very strong limits to the possibilitiek o
manipulating expressions with a general aim ofralbihg computational rules. For this reason we
abandoned the idea of interpreting generalizatioteims of expressing algebraic statements with
letters. Moreover, we abandoned the idea of workuity powers because only power up to the
fourth grade were allowed in Aplusix, and this welidwed was a too much strong constrain
because it would leave very narrow space to explwreaules for computing with powers, as only
the exponents 1,2,3 and 4 were admitted. Once wiated to fraction, we still had strong
constrains on the possibilities of using letterghwitiactions, thus we decided to abandon the idea o
working with literal expressions for generalisinginmerical expressions and for generalising
properties of fractions and of the operation witicfions.

What came next is probably the result of the disicuson the limits and features of Aplusix and of
a bunch of other reasons. One central feature ddisépis a feedback on the correctness of the
steps produced by users while accomplishing orthefpre-defined kinds tasks. We realised that
such feedback could actually be interpreted asdbi@ck concerning the equivalence relationship
between the expressions written on different limestead of interpreting two expressions as one the
consequence of the other via a computational dtepias possible to interpret them as two
expressions to be compared, and the feedback meviy Aplusix would state if the two
expressions were equivalent or not. Notice thatithmerely a matter of giving to a feature ofal to
a meaning rather then another one. Among the reamwnwhich we realised that this shift was
possible, and we decided to adopt it, we can censid
the educational goal, as we had decided not tosfamu the execution and correctness of
computation techniques, thus for us it was not irtgrt to interpret the mentioned feedback as
a feedback concerning correctness/uncorrectnessngbutational steps;
one of the researchers (Cerulli 2004) has a stexpgrience in experiments on the teaching of
algebra were the concept of equivalence is ceatrdiwhich are based on the idea of comparing
expressions; it may be the case that he was nigtizaking toward that direction.
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Questioning/exploring/producing equivalence relaiups seemed to be a class of tasks that
were likely to be proposed in an open ended forhigckvwas the main typology of activity that
we were looking for (see above discussion).

At this point we concentrated on the possibilitt#ered by Aplusix to express/explore/produce
equivalence statements by means of open endedtiastivand we individuated some more key
features (see also Fig. 2):

- the software allows to leave "unfilled" some boxésis it permits to construct expressions with
placeholders (represented by a square with a guestark inside), thus allowing to propose to
pupils tasks where they are asked to fill the plaaders.

The software allows the construction of trees gfregsions (which could be "unfilled" too)
showing the equivalence relationships among them

When the root of a tree is a statement, insteadnoéxpression, if the leafs of the tree are
statements too (these too can be left "unfilledhen the "equivalence" feedback can be
interpreted in terms of equivalence of truth valoéshe statements; this allows to enlarge the
class of tasks to tasks including the productiomfgarison/exploration of ordering statements
between fractions.

Each of these features was seen by the researstestance for setting up open ended activities.

We also individuated another particular featurejcWwhwe believed to be important in terms of

shifting pupils attention from providing correctlgtons, to elaborating/formulating strategies for

solving the proposed problems; it is the case efbssibility to insert comments to each line.

Typologies of activities and tasks

Following the tool analysis, we restricted our emtianal goal to the recovery of key aspects
concerning fractions, such as the equivalence adftifsns, the ordering of fractions, and the four
operations with fraction. We then designed a seiabivities which were partially negotiated with

the experimenting teachers, in what follows we dbecthe rational behind the design of the
activities and the setting of the experiment.

Fig. 2 Examples of threes with empty placeholders; thdlpupere required to fill them. On the left thekas
concerns equivalence of fractions and multiplicaiof fractions. The example on the right concehes
ordering of fractions. On the left the feedback baninterpreted in terms of equivalence of fractjoon the
right the feedback can be interpreted in termgafv@lence of statements.

First of all we adopted mainly open ended/explosatasks of the kind "fill the boxes” and “write
the strategy you followed", chosen according torhoanstructivist hypothesis, as we previously
stated. However, we may observe that each taskreegpupils also to write the strategy followed
to fill the boxes; this was required because offtlewing reasons:
- atheoretical assumption that what is learnt byilpuprough open ended activities, may not be
necessarily coherent with the teachers educatgwel
Our focus was on strategies which we assumed ® fneans for abstracting the properties of
fractions, the educational goal didn't aim at thedpction of correct solutions, but to the
production of strategies to be abstracted: thetisois to the "fill the boxes" tasks could not
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necessarily be abstracted into strategies, coregidalso the fact that the nature of the tool
favoured also "random" strategies.
A theoretical assumption that learning happens #isough semiotic processes and through
social processes of knowledge sharing; we beligkat for such processes to occur, focusing
on strategies, it was a necessary condition treatstrategies themselves were formulated into
written or oral text.
To accomplish these tasks pupils were subdividéal gmoups of at least 2 because of our socio-
constructivist assumption that knowledge buildingppens also through a process of social
interaction.

We also adopted some closed ended activity, bsitwhas due mainly to:

to try out some standard ways of using Aplusix

to try out if the software could reinforce compidatskills directly

because of cultural scholastic bias (in italianweeild say "per dovere")
Also in the case of closed ended tasks pupils asked to accomplish a "write your strategy" task,
for the same reasons explained above.

It is important to observe that on the one handusipl doesn't provide any validation feedback

concerning strategies employed/developed by pupilsle on the other hand, by theoretical

hypothesis, we assumed that pupils' strategiesddmeilor could not be coherent with the teachers
educational goal. In other words we believed tihard was a need for the teacher to put into
discussion such strategies and guide their evaelufty means of social interaction and

communicative strategies (Mariotti....). For thesasons we planned that at certain points of the
experimental sessions the teachers would interteneollect pupils answers, strategies and
observations and would set up a class discussion;tife same reasons, we allowed, and
encouraged, the teachers' (and researches actiegam®rs) continuous interactions with the group
of pupils, in particular proposing them tasks o #ind "try out your strategy"”. This was a way to

validate or put into discussion the strategies bpexl by each single group. Of course these
choices are due also to the peculiar educatiorjattbe.

Finally, we planned in advance 5 sessions (Intridocto Aplusix, Equivalent fractions and
expressions with fractions, Ordering of fractioRspduct ad division among fractios, Addition and
subtraction among fractions), together with a asks to be used the sessions. However, at the end
session we analysed roughly the session with tnehes (based on field observations), and planned
the main lines for the following session. Then toowing session was designed using, and
adjusting, the tasks that we had previously defimed eventually including new, ad hoc designed
tasks. Thus, the experiment was refined in itinared behind each specific session there were a
discussion and a set of decisions based on fietgrghtions. A detailed analysis of how these
decisions were taken could be possible after we laaalysed in detail the data of the experiment.

Setting and interaction

The experiment was developed in two classes in &efd students altogether, grade 7. In each
class the experiment lasted 5 weeks: a sessi@mofirs for each week. Students worked in their
school’'s computer laboratory with the teachers. Tesearchers were always present during the
experiment either to observe, to solve technoaablpms, and to act as teachers too (helping the
official teachers).

Pupils were subdivided into groups of at least @alnee of our socio-constructivist assumption that
knowledge building happens also through a processaal interaction.
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The tasks were given orally or in the form of veitttext on paper:

- tasks such as the “try out your strategy”, or otlagks aiming at questioning/highlight/validate
strategies were given orally; this was due to thet that it was not possible to foresee in
advance when and how it would be necessary to peopoch tasks. They are basically fruits of
the interactions teachers/pupils during the devalamt of the activities.

Tasks of the kind “fill the boxes” were plannedaidvance, and thus were given in the form of
written text on paper; the reason why they wergiven in the form of some text, or whatever
else, within the software Aplusix, it was that Agiki simply doesn’t allow tasks that are
different from its 4 pre-defined tasks that we jpoasly introduced.

Class discussions were of course set up oralljomescases by the teacher, in other by the
researchers; the second case happened when thertaiidn’t feel confident enough with
conducting class discussions.

During the activities the teachers interacted vpidlirs (groups) because in this way they could be
stimulated: discussions within pairs, verbalizatminstrategies, discussion on the validation of
developed strategies. Moreover, the teachers drabed some class discussions as a means for
validating and institutionalize the strategies deped by pupils. Such behaviours of the teachers
was motivated by the assumption that pupils legrimnthe participation to practical activities may
not necessarily lead to the teachers' educatiarabsgthus there is a need of the interventiorhef t
teacher who can guide the evolution of pupils lemthrough special communication strategies.
However, we would like to observe that, behind giemeric indications given by our theoretical
assumptions, it may be the case that during thererpnt some actions were due to improvisation
or to contextual events.

For what concerns the “write your strategy” tagkgils were left free to write them on paper, or to
write them in the form of comments in Aplusix, hoxge the second options sometimes resulted
tricky (and with some limitations on the numberscbaracters), thus pupils often opted for paper
and pencil.

Pupils were left free to executes any computati@y tvanted on paper and pencil (and in fact they
did it massively) because we meant to employ Aglusainly as a means for stimulating pupils’
production of a variety of solutions and for vatidg their solution, and as a support; but we didn’
mean to employ Aplusix as the only tool to be used.

Moreover, we firstly inhibited pupils’ use of Aplscomputational facilities, or other similar tools
(ex the computer’s calculator, or hand calculatdss} during the experiment we decided to let the
pupils free to use whatever they want. The reasby we firstly wanted to inhibit calculation
facilities is that we wanted pupils to do compuwas on their owns; in fact we thought that this
would have been a meaningful and significant pcadir our educational goals and did not want to
de-charge pupils with the responsibility of exesgticomputation. However as soon as the
experiment began, we realized that the tasks Bintjithe boxes” and “write your strategy” were
already heavy, significant, and meaningful enouwgtttie pupils, and Aplusix was working only as
a support, and didn’t do the work instead of thpilsu The focus on the tasks was not on executing
computations, thus it was actually not importanthé computations were executed by means of
computation facilities; computations were only afi¢he tools pupils had as means for solving the
open ended tasks of filling the boxes and formuotatheir strategies. It is curious to observe that,
even if we planned the kinds of tasks before thginmeng of the experiment, we needed to see
pupils in action before realizing that computatreally were not the central element of the tasks,
and thus it was fair enough to let pupils freede aomputation tools. Probably, while designing the
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experiment, we were under the influence of cultw@olastic constrains, and could not foresee
how effective it was the switch of focus from cortgiion to production and comparison of
expressions/fractions.

Collected data and analysis of the experiment

We still have to conduct a deep analysis of tha.dabr the moment we have only done a surface
analysis based on our field observations duringetkgeriment; such an analysis was a means for
adjusting the experiment in itinere.

For the experiment we planned to collect audio iddo recordings and pupils protocols (written
on paper, and Aplusix files). This was becausdpohg Vigotskian hypothesis, we intended to
observe the teaching/learning process, includessalgscussions, and discussion among groups of
pupils (also when interacting with the teacher);weare not interested in a quantitative analysis of
the results, thus we didn’'t set up a pre test apobst test. Our analysis will be focused on the
process and will aim at finding out how the dideatifunctionalities of Aplusix that we defined
affected the teaching/learning process. We rehall durresearch aimwasto develop and testify
new didactical functionalities of Aplusix in ord&r use it as a means for supporting pupils in
revisiting and consolidating some mathematical emts already learned

We also developed, for each session, a table oéssto be observed, an “evaluation scheme” for
Aplusix. The scheme was different for each sesdienause it depended on the educational
objective of the session, and on the involved femtuof the tool. The schema focused on
effectiveness with respect to the educational gmakasy of use, and on impact.

Inserting expressions | Virtuale keyboard 1234 1234 1234
n =
Reale keyboard 1234 1234 1234
n =

Manipulation Equivalence Feedback 1234 1234 1234

Expressions with fractions 1 2 3 4 1234 214

Threes with empty| Equivalent Fractions 1234 1234 123
placeholders

Ordering of fractions 1234 1234 1 243

Use of other| Carta e penna
representation systems| n =

Comments

Table 3. A researcher, during each experimental sessilberg fa form like this for each pair (or group) affls.

Easy of use, effectiveness, and impacts are cledsifom bad/low/negative (1) to good/high/posit(4¢. This
form belongs to the session concerning “Orderingraftions”. The upper part of the table (abovebiaek line)
is used to evaluate the tools’ features with respecthe addressed tasks. In particular we findluaten

concerning the input of expressions, the maniputatif expressions, and the threes with empty plaiders. In
the bottom parte of the table, the “use of otherasentation systems” item is due to one of thestipres of the
joint experiment guidelines.

We decided to collect this kind of data becausenesded to do a first evaluation of the features of
the tool that we individuated, and employed, witspect to the didactical functionalities that we
defined. This methodology of evaluation of the tisoflerived from a similar methodology that was
used by Robotti and Pedemonte in a previous pré€ALES - Innovative Teaching And Learning
Environment for School, IST-2000-26356).
o
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Didactial functionalities

All the above discussions provide motivations foe tchoices (at least for a set of them!) that
underlie the didactical functionalities that weidetl. Below we are going to resume how the main
didactical functionality that we used can be chim@sed.

Characteristics of the tool
The software provided a feedback which could berpreted in terms of equivalence or not (or
unknown) of expressions;
the software allows to leave "unfilled" some boxésis it permits to construct expressions with
placeholders (represented by a square with a guestark inside), thus allowing to propose to
pupils tasks where they are asked to fill the plaaleers.
The software allows the construction of trees gfregsions (which could be "unfilled" too)
showing the equivalence relationships among them
When the root of a tree is a statement, insteadnoéxpression, if the leafs of the tree are
statements too (these too can be left "unfilledhen the "equivalence" feedback can be
interpreted in terms of equivalence of truth valoEthe statements.

Educational goal
Recovery and consolidation of key concepts relateftactions such as equivalence, operations
with fractions, and ordering of fractions.

Modalities of employment of the tool

This includes some details on the setting, the lpgies of activities, and a specific general

educational strated¥

- Setting: pupils work at least in pairs; the teacher inteyaath the pairs (or groups) during the
activities in order to question/validate their s¢gaes and to stimulate/support their production;
the teacher orchestrates class discussions fesdime reasons and to institutionalize/socialize
findings™.
Typologies of activities open ended activities, such as “fill the box&sthat exploit the
validation/equivalence feedback of Aplusix; verbation activities such as “write you
strategy”; “try out your strategy” or other tasksoyided ad hoc by the teacher to
guestion/validate pairs’ strategies; class disamssihighlighting and discussing the emerged
strategies.
General educational strategy to enable pupils to explore open ended problemasta try out
solutions to be verbalized, validated and institudlized.

Obtained results and drawn conclusions
This will be answered after a deeper analysis ®idita.

19 A detailed discussion of the reasons why we clalisthese elements are to be found in the prevjmars of the
fl1O'I(':rL1jir:?2;uIted to be less easy to be implementedmbé effective if compared to the interactiorctest/pairs.
2 See Fig. 2 for examples.
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2.3 Experimenting team 2. UNISI (Maffei, L., Maracci, M.)

2.3.1 A priori (with respect to the experiment) que  stions aiming at collecting
information concerning the design of the experiment

General

What theoretical frame(s) do you use and what matad your choice? How do you see
their potential and eventually limitations for thiproject?

We adopt the Vygotskian theory in order to studwhbe control offered by Aplusix can influence
the behavior of the students towards errors anégsg. According to this theory, we formulate the
hypothesis that the feedbacks provided in the miortil determines a change in the attitude
towards errors and impasse.

Analysis of Aplusix tool

What forms of feedback are provided? How are sabmt$ validated and by whom (e.g. by
the tool itself, by a teacher, by peer- or selfidation?

In the training mode two fundamental feedbacks are provided: the ctoress of the calculation
and the correct end of the exercise. Intést modeno feedback is provided. Aplusix records the
students’ actions, and the command Replay systéowsalboth the student and the teacher to
observe the student work off-line, step by stepaAsnsequence, in th@ining modethe solutions
are validated by the tool step by step; in td& modgethe tool allows the student to make a self-
correction (in this revision, the system indicates errors like in the training mode and pupils are
asked to correct them).

What is the “distance” between the objects and theans of manipulating provided by the
tool and those used in paper-and-pencil based werthin the target domain?

The objects are represented in the same way aapgarpnd pencil, but to manipulate them is

required to respect one constraint: the equivaldme®veen expressions. Infact, the feedback
provided by the software is based on the contrthefequivalence between two consequent step. In
addition, the use of the independent line is usasubh means of control and as support to perform
the transformations required.

Design of the Teaching Experiment
Describe briefly the key ideas of your experimamd ghen answer to the following questions

We intend to use Aplusix as a diagnostic tool itwafold sense. Infact, the microworld allows
teachers (researchers), to observe students'uliiifs, thanks to the command Replay system, but a
self-diagnosis is also possible. Regarding to théxond aspect, specific hypotheses at a
metacognitive level have been formulated in ternfs self confidence, self control and
consciousness of the students about their owrcdiffes. The research project is conducted with
the collaboration of a group of teachers, amongnthiee experimenting teachers, in charge of
realising in the classroom the sequences of aetsvilesigned by the project. The interaction
between teachers and researchers will be constanaetive in any phase of the project. Before
being presented in the classroom, educational iaesvwill be discussed by teachers and
researchers; similarly, the material produced bpilpuwill be analysed by the whole research

group.
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What are the precise aims of your experiment aadjtlestions you want to focus on?

Two are the aims of our experimentation: by onedhéme didactical problem aims to help students
to become conscious of their difficulties in orderfind, thanks to the well-structured environment,
strategies to overcome these; by the other harel, réisearch problem investigates the new
relationship, between the machine and the stuadmth should play a crucial role in reaching a
self-consciousness of the encountered difficulties.

What is the type of research that you follow (elgssroom based, case srudies) and how is this
related to the kind of your research focus;

Our study involves two classes of the 9th grade: experimental class and one control class. The
research starts from detecting all the difficultegscountered by the whole class, and then, tries to
study how each pupil (with his specific difficuklemay take an advantage from the interaction
with the microworld.

Which characteristics of the activities and tasks you think they support the generation of
meanings in a constructionist or experimental @neplayful way?

We think that Aplusix can be used not at the commgmnsion level, but a metacognitive level, as we
said before. It can be an useful tool if used ideorto generate cosciousness of what a pupil have
learnt and what he haven't yet learnt.

How do you capture/analyse the role of the toolsupils problem solving processes or solutions?

A researcher is present in the classroom in oaeontrol and collect the experimental data;

After each session students are requested to repavhat they think they have learnt and comment
on the use of Aplusix;

The researcher observes the student work off-$iteg by step;

The analysis of the collected data is made with dbkaboration of the whole research group
(teachers and researchers).

2.3.2 A posteriori (with respect to the experiment) guestions aiming at
individuating, collecting and gathering the results of the experiment.

Is there any difference in the answers that yowegawing the a priori analysis at the following
guestions?

Generally speaking the answers given to these &®pms$ questions are more detailed but
consistent with the anserws given a-priori. The tmelevant difference concerns the analysis of the
distance between the objects and the means of olatig provided by the tool and those used in
paper-and-pencil.(question 3 in this documentihinpresent document, partly as a consequence of
a first analysis of the collected data, more déferes, between the objects manipulation within the
two environments, are stressed.

What forms of feedback are provided? How are smhstivalidated and by whom (e.g. by the tool
itself, by a teacher, by peer- or self-validation?

Within the paper and pencil environment:

As for the initial and final test, no immediate déacks were provided to pupils, and their solutions
were validated by their teachers.

On the contrary as for the pre-test, at the entheftest itself (one hour) pupils were given a text
with the “results” (depending on the task, the ltesia numerical expression or the largest number
out a set of given numbers...) of the single tasidwere asked to review and possibly modify their
own solutions. The ultimate validation rested omtachers.

Within the tool environment:
The tool was set up to function in two differentywadepending on the kind of tasks given: “with
control” mode and “without control” mode.
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In the former mode, the tool provided immediatedfescks on the equivalence of two successive
expressions or relations. In detail, the tool pdesi the following 3 feedbacks: if two consecutive
expressions or relations are equivalent the linesnecting them are black; if they are not
equivalent, the connecting lines are red and cthssed if one of the expressions or equations is
not well formed ( in a mathematical sense) the ecting lines are blue and crossed. Moreover the
tool can be set up in such a way that users cangnote these feedbacks, that is users can be
allowed to write down a third expression only iéttwo previous ones (in the same tree branch) are
equivalent.

Whereas in the latter mode, no immediate feedbaeks provided concerning the equivalence of
two consecutive expressions or relations. In thse¢ two consecutive expressions or relations are
connected with a single black line.

When the tool was set up as just specified, pwpdse asked to review and possibly modify their
solutions using the “self correction” environmenthich allows to see one's solution step by step
and modify it. Within this environment the tool fttions in “with control” mode.

In both modes of functioning the tool points outemhan expression is not mathematically well
formed (e.g. a question mark appear if an argumian operator is missed).

The validation of pupils’ solutions rested on theltboth in the ‘with control’ mode and ‘without
control’ mode.

Finally, when working within the tool one can opgnvork space independent from the task work
space named the detached step. The environmentdethched step — may be set up both with the
control feedbacks and without them.

What is the “distance” between the objects andiibans of manipulating provided by the tool and
those used in paper-and-pencil based work wittertdlhget domain?

The tasks proposed to pupils during the experintiemtainvolved manipulation of numerical
expressions and ordering of rational numbers (arggfractions and decimals). The signifiers
provided by the tool are completely consistent whthse used in paper and pencil.

Some differences of different kind emerge when migg the means of manipulating the
signifiers.
As for the structure of the worksheet:
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the tool providing a not linear edition, allows jdapo substitute a specific sub-expression with
another sub-expression; on the contrary in paper @encil pupils have to re-write all the
expression even if they want to change only sommge

paper and pencil differs from the tool environmdot the possible spatial organization of
expressions and numbers (for instance in papepandl numbers can be put in column to perform
the usual multiplication algorithm)

As for direct manipulation of expressions

the tool points out when an expression is not nm#teally well formed (e.g. a question mark
appear if an argument of an operator is missed),

the tool does not allow to select part of an exgaswhich is not a well-formed expression itself
(i.e. a sub-expression),

when deleting an argument of a sum (selecting aesispng backspace key), the sum operator itself
is deleted.

How do you capture/analyse the role of the toolsupils problem solving processes or solutions?
The main means to capture the role of the tooiMergby the analysis of the tool log files. Theltoo
is endowed with a user-friendly log file viewer (R&y System) which allows to follow pupils’
solutions step by step (including the differentgibke trials and errors that pupils made and erase
from their final solution). Unfortunately, such wer does not work the kind of tasks labelled
“problem” but only with the “exercise” kind of task

Moreover one can investigate whether some tracepostible strategies developed in the
interaction with the tool can be found in pupilsiper and pencil productions (pre-final and final
tests).

Interesting elements are expected to arise also the reports (questions-driven) which pupils are
asked to write at the end of each lab session.

Finally some pupils have been video-taped withatimes of collecting more elements to investigate
how they interacted with the tool, unfortunatelclsuecordings reveal almost useless because of
interferences between the camera and pupils' mrsnito

Do users also use other modes of representatiopnostded by the tool itself (e.g. paper-and-
pencil representations, calculator)? What are thesewhat does their function appear to be? How
do these modes of representation relate to thaseded by the tool?

Let us remind that the experiment was organiz€dlasvs:

Initial test (1 hour): students worked individually in paper and pencilisbnment
Lab sessions (three 2 hours sessions):
(a) researchers introduced the activities;
(b) students worked in pairs with Aplusix;
(c) students wrote individual report based ontatgquestions.
Pre Final Test (2 hours):half of the students worked individually with Agix and half in paper
and pencil. A new report is required.
Delayed Final test (1 hour):students work in paper and pencil environment.

Pupils were required to solve the tasks in papdrmancil in the test sessions (as for the so called
"pre-test”, half pupils were asked to use papdrmancil and half to use the tool environment) and
to use paper and pencil to report on the lab dietévi

During the lab activities pupils were asked to eotlie tasks within the tool environment, only
during the first one they were allowed to use pawet pencil too.
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For the successive sessions the use of paper acd was forbidden: we wanted pupils to use only
the tool because it provides researchers with dssipility of reviewing (and so analyzing) pupils'
solutions step by step.

During the first lab session, just a small numidguupils used paper and pencil environment too.
Paper and pencil have been exclusively used tomertalculations.

The use of calculators was not allowed; seeminghgwpupils did not feel confident with their
calculation skills, they resorted to the paper pedcil environment to perform calculations (for
instance implementing the usual arithmetic algangh the obtained results were imported within
the tool workspace.

In your opinion, in which ways do your theoreticahoices have influenced:
a. the analysis of the software and the identifiat of its didactic functionalities
(software features, educational aims, modalities @&mployment including the
configuration of the software)?
b. the conception of the experiment?
c. the choices of the data and their analysis?
d. the results you obtain and the conclusions yaaw from these?

Before facing the task of answering these a-pasieguestions, we want to say first of all that in
our opinion, research problems, theoretical fram&sjoeducational goals, ICT tools analysis and
SO on constitute a system whose elements influeach other. In this sense, it may be difficult to
isolate the influence of one of these elements tiverother ones — in our case, for instance, the
influence of the theoretical framework over the@tional goal.

In your opinion, in which ways do your theoreticahoices have influenced:

- the analysis of the software and the identificatiaf didactical functionalities (software
features, educational aims, modalities of employrhamcluding the configuration of the
software)?

According to the Vygotskian approach (semiotic) rmgdn plays a crucial role in the learning
process and more in general in the developmenttbé& higher psychological functions. In
particular, we share the view that “the use of karyi signs breaks up the fusion of the sensory
field and the motor system and thus makes of nemiskbf behaviour possible” (Vygotsky, 1978)
which we think can be extended also to the usenolst and ICT tools in particular (we won't
address here the question of the relationship twegns and tools).

As far as we know this point of the Vygotskian thebas not been fully developed in mathematics
education, as a consequence the analysis of theofldihe experimentation may make the need of
enriching our theoretical framework emerge.

Anyway this general assumption has led us in thecesses of identifying specific didactical
functionalities of the tool Aplusix — sets of fegds of the tool, educational goals and modalities o
employment of those sets of features — and of dagighe whole experimentation.

When referring to didactical functionalities, wdereto a system whose elements (software features,
educational aims, modalities of employment ) améctt interrelated rather than juxtaposed.
Constituting a system, the elements influence edbbr. The influence of the chosen theoretical
frameworks over each of these elements may refipon the other ones, and conversely our
choices (either the choice of the educational gaats of the software features to exploit) are only
partly directly affected by our theoretical framawand partly they affect each other.
- 28
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To isolate the influence of the chosen theorefigahework over each of these elements appears a
really hard task.

Aplusix is an interactive learning environment whiellows students to build and transform
numerical and algebraic expressions and relatMiihin this environment pupils can be presented
with some exercises involving manipulation of nuicer and algebraic expressions (such as
“expand or factorize an expression”, “solve an ¢ignd, usually included in the Italian national
curricula of the secondary upper school).

In the analysis of the tool, we investigate therabgeristics of the mediation offered by the atefa
focusing on those constrains capable of breakingugils' automatisms when accomplishing tasks.
In fact, according to our theoretical hypothedig, tupture of automatisms (in routinized tasks) and
the emergence of unexpected obstacles may demastehss to develop new and deeper reflections
on their actions and on the tool feedbacks in otdefa) explain the occurred ruptures, and (b)
overcome the arisen obstacles. As a consequenpis puay be led to reflect on their actions and
behaviour and possibly to construct new kinds didvéour.

On the contrary, if the interaction between pugpitsl tool does not result in ruptures and obstacles,
pupils are confirmed about the efficiency of theations and behaviour, and may gain more and
more confidence in their skills. Pupils' successesolving tasks may result in a reinforcement of
their skills.

One main feature emerged from our analysis is thesgmce of feedbacks concerning the
equivalence of two consecutive (algebraic or nucadriexpressions or relations. More in detail, the
tool provides the following 3 feedbacks: if two sexutive expressions or relations are equivalent
the lines connecting them are black; if they arée eguivalent, the connecting lines are red and
crossed; and if one of the expressions or equaisonst well formed ( in a mathematical sense) the
connecting lines are blue and crossed. Moreovetaiblecan be set up in such a way that users can
not ignore these feedbacks, that is users canideesl to write down a third expression only if the
two previous ones (in the same tree branch) arvaeut.

This particular feature seems to fit well with ayeneral theoretical assumption. More precisely,
coherently with the Vygotskian theory, we make higpothesis that the use of the particular means
of control provided by the tool may (a) on the waed improve the specific performances, (b) and
on the other influence the development of gendsiiitias concerning consciousness and control of
one’s activity. And as a consequence it may detegnchanges in the attitude towards errors and
impasse.

Within  Aplusix environment, the
teacher can also propose tasks in
which the control feedbacks are not
available (in this case two
consecutive expressions or relations
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are connected with a single black line).

We exploit this feature of the tool, coupled witte (possibility for the users to observed a-posterio
and, in case, modify the final product of their owark within an environment provided with the
above described control feedbacks (self-observammhself-correction environments). Even in this
case the pupils who successfully perform the tamies confirmed in the efficiency of their
computational skills, whereas pupils who commibesrare in a sense obliged to reflect upon their
actions to detect and overcome their errors, teast by-pass them.

Finally, when working within the tool one can opgnvork space independent from the task work
space named the detached step. The environmertdethched step — may be set up both with the
control feedbacks and without them.

Premised that we limit ourselves to the arithmétimanain, the above sketched analysis of the tool
makes at least a couple of possible educationdk ggraerge, which indeed we address in our
experimentation: (a) to reinforce pupils' operagiloand ordering skills in arithmetic, and (b) to
enable pupils to develop abilities for controlliagd reflecting on their own work, to develop
strategies for detecting and overcoming errors, fandinticipating possible difficulties. The tool
would help pupils to become conscious of theiruf@s and of the need to activate means for
overcoming them.

As for the identification of the former goal, olrebretical perspective has a minor influence. We
speak of “reinforcing” - rather than acquiring -evgtional and ordering skills because our intention
is to introduce pupils with Aplusix at the entrarafehe secondary upper school as an occasion for
pupils themselves to re-gain confidence with kinfisasks they are expected to be familiar with
and with computational and ordering skills they expected to have built on (for the teacher inis a
occasion to investigate pupils' skills in solvilngse tasks). Pupils' skills may result reinforceda
consequence of repeatedly successful tasks saesgjons.

The latter goal is more directly linked to our gendypothesis according to which the rupture of
automatisms and the contextual emergence of obstéehich a pupil may experience when makes
errors within Aplusix) obliges the individual toc@nsider his/her actions in order to detect the
reasons for such rupture and overcome the arisstiadbs. According to the Vygotskijan approach
this process could influence the development ofhdgpsychological functions concerning
monitoring, evaluation and anticipation of one'skijem solving activity. Incidentally, let us note
that the rupture of automatisms and the emergehabsiacles turn a routinized exercise into a
“true” problem.

Let us now come to the modalities of employmenthef sets of the software features which we
follow in order to hopefully reach the stated edigal goals.
How we intend to employ the described set of femturas been already sketched and laid down
above. In order to reach our educational goals, @iterently with the theoretical perspective
adopted, we need to create occasions in whichujijsh automatisms are broken up when causing
errors, (b) the presence of errors can not be eghdc) pupils have to detect their errors, anddd)
overcome them, (e) observation and reflection upmais work are fostered.
Two different modalities of employment are idewitifj which contribute to create such occasions:
1. The environment within which pupils have to solbe fgiven tasks is endowed with the
control feedbacks described above. In additiontdbeis set up in such a way that users are
not allowed to write down a third expression if thhe previous ones (in the same tree
branch) are not equivalent. (Briefiwith control’-mode )
2. Pupils solve the posed tasks in the environmenhowit the control feedbacks (Briefly
“without control’-mode ), but are required to observe and, in case, cotihear own work
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a-posteriori. For the subsequent self-correctiotivigg the tool is set up to function as
described in item 1.
Let us remark that even if one cannot ignore tledshe has made errors (b), and is able to detect
them (c), he/she may not be obliged to overcom@dnirrors if he/she is able to by-pass them.

We conclude the discussion concerning the modsaliifeemployment of the features of the tool,
remarking that in both cases the pupils are thowghtvork in pairs with the tool without the
teacher's support.
The choice of students working without teacherfgpsut is motivated by the wish to make students
take responsibility of detecting and overcomingrteerors.
The importance of students taking responsibilityheiir own errors and of overcoming them is also
confirmed by studies in metacognition
"Even if the teacher recognises the student’s enar intervenes, it is up to the student to
modify his behaviour: but if the student is to sigrantly change his behaviour he first has
to be convinced that the change has to be madethi&xisting behaviour lead to failure.”
(Zan, 2002a)
The choice of students working in pairs is not clisemotivated by - though it does not conflict at
all with — our theoretical framework nor by the edtional goals. On the one hand, it is due to
contingent reasons: the “small” number of computersthe laboratories together with the
impossibility of dividing the classes for separaitie sessions
On the other hand we think that the analysis ofitiberaction between students (some pairs are
audio and video recorded) can provide us with aendeep insight in their thinking processes.

To sum up:
Educational (a) to reinforce pupils' computational and ordeskdls
Goals : : . .
(b) to enable pupils to develop strategies for nawimg, detecting
overcoming and anticipating errors
Features of th “with control” - mode “without control”- mode
tool detached step with control detached step withontrol
self-observation and satbrrection
“with control” - mode
Modalities  of Pupils working in pairs without the teacher's suppo
employment
pioy Tool set up: (a) contre Tool set up: (a) control feedbac
feedbacks active, (b) err not available, (b) selbbservatior
message cannot be and selfeorrection environmer
disregarded. available.

- the conception of the experiment

The experiment has been conducted in three 9thegthdses (first year of secondary scientific
school). The math domain has been chosen accotalitige teachers' needs to allow students to go
over operational skills - whose pupils are expedtedbe familiar with - before starting the new
curriculum. More specifically, the math domain ltamcerned arithmetic calculation and ordering
of integer and rational numbers (context constyaint

31



TELMA Cross Experiment Guidelindaternal Report, R.l. 01/07, I.T.D. — C.N.R.. Gga, 2007 32

The activity in class starts with an initial testgaper and pencil (one - hour); the same testbwill
repeated at the end of the teaching experimerit, thé aim to evaluate the improvement in pupils’
performances. Then different phases of interver(fiouar two - hours sessions) are planned, centred
on the use of Aplusix.

Description of the school activity:
Initial test (1 hour): students work individually in paper and pencil eamiment
Lab sessions (three 2 hours sessions):
(a) introduction of the activities;
(b) students work in pairs with Aplusix;
(c) report based on a set of questions.
Pre Final Test (2 hours):half of the students work individually with Aplxsand half in paper and
pencil. A new report is required.
Final test (1 hour): students work in paper and pencil environment.

We plan an initial and a final test with the aimitwestigate whether and how pupils' activity
within the tool environment reflects on their attyivwithin the “usual’” paper and pencil
environment.

The initial test is not only a means to evaluabteaiigh comparison with the final test) the effefct o
the experimentation on the paper and pencil enment. It also aims to identify possible initial
difficulties and errors of the pupils involved imetexperimentation, as a basis for constructinggtas
for and designing the following lab sessions. s teason too, paper and pencil is highly suitable
because ensures that the diagnosed difficultieseamods are not due to the use of unfamiliar (even
if user friendly) environments.

During the tests and the Lab sessions, pupils eesepted with different kinds of task involving
computation and ordering of integer, decimal artidmal numbers.

In the Lab sessions pupils are required to workhevit their teacher's support because we want
them to autonomously confront with their failuresdato take responsibility of detecting and
overcoming their errors.

As previously argued, only if pupils attain consmness of their failures they can seriously engage
themselves in changing those behaviours that heg to fail. Following this general assumption,
when planning the teaching experiment we concegrotiganization of a context where pupils are
led to detect and modify, in an autonomous wayséhzehaviours causing their own failures.

In our opinion the rupture of automatisms (in roi#ed tasks) and the emergence of unexpected
obstacles (when solving tasks within the tool emvinent) may contribute to make students aware
of their failures, and at the same time stimul&kent to engage themselves in detectivitat is
wrong and in correcting it. According to the Vydatn perspective, this process of detecting and
overcoming errors may determine the developmemmadicular ways to accomplish specific tasks
which may result in solution strategies in the mweorld but also in the paper and pencil
enviromment. The importance of students taking aesipility of their own errors and of
overcoming them is also confirmed by studies inaoegnition, as we have just underlined in the
previous answer.

The study has had a twofold goal. On the one hardigdactical goal consisting of the retrieval of
specific skills in arithmetic calculation; on th#éher hand, a research goal concerning the study of
the role played by the specific microworld in reiaghthe didactical goal: if, and in affirmative
case, how interacting with Aplusix may help to aane the encountered difficulties. In particular,
attention focused on investigating the functioniighe tool in the meta-cognitive processes related
to become aware of one’s own difficulties and tonage one’s own resources to improve
calculation performances.
- 32
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In the general frame of a meta-cognitive approaehave interested to investigate the specific role
played by ICT tool — and in particular by Apluseatures — in the evolution of self awareness and
control on ones own resources.

In fact, metacognition tells us that pupils haveathieve awareness and control; we report again
Zan's words:

"Even if the teacher recognises the student’'s eand intervenes, it is up to the student to
modify his behaviour: but if the student is to #igantly change his behaviour he first has to be
convinced that the change has to be made, thaexisting behaviour lead to failure(Zan,
2002a)

According to this assumption, the teacher's / researcher's intéoveritave to concern the
organization of a context where pupils are led taify, in an autonomous way, those behaviours
that bring them to fail. Zan identifies two essahfpirocesses that a teacher /researcher has ¢ fost
and to strengthen: the attainment of consciousaedsthe possibility to activate personal control
processes (Zan, 2002b). Consistently with this bygsis, we assume that the interaction with the
machine contribute to make students aware that thamgeis wrong, but at the same time stimulate
them to engage themselves in detectimgitis wrong and in correcting it. This process ofedéihg
and overcoming errors may determine the developrogparticular ways to accomplish specific
tasks which may result in solution strategies i@ thicroworld but also in the paper and pencil
enviromment.

Let us note that the theoretical framework suggestse than what we could take into consideration
because of the constraints of the experimentakoninstance, the need of a short term experiment
does not fit well with the theoretical assumptioocencerning long term processes and the
importance of alternating pupils’ autonomous workhvpupils-teacher interaction.

We detail now a bit more on the kinds of the taskppsed during the tests and the lab sessions, and
on the reason why we choose such kinds of taskiépfart an example for each of the kind or tasks
proposed in the lab sessions.

1. Transform the given expression in another equivagptession and then compute the result.
16-9+16x%(-9)

2. Compute the results of the following expression
(_ 2)2 - 23
24
3. How many integers are there between the given ntsBb@\Vrite “0”, “1”, “2” and so on instead of “noheg
“one”, “two”, and so on)

If there are 2 or more than 2 integers, write thallest and the largest. If there is just one iategrite it,
otherwise write “n”.

4. Write the smallest and the greatest numbers ouheffollowing. Write the smallest first and separéte
number with the symbol <.

5. Compute the following expression in at least twitedént ways (use the tree-structure)

_943-3.3

8 8 4

6. Say whether the following equalities are true dranu justify your answer (write “t” if true and™ff false)
075 1(- 5) = 075 E (075 (- 5))
4 4
33
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So far we did not mention the tool features fottinditasks. The moment has come to spend some
words about editing. Briefly, within the tool eneimment two “macro-kinds” of task can be inserted
(by the administrator): “exercises” and “problemsas they are named within the tool.

The former ones are rigidly pre-defined kinds esktacompute an expression, solve an equation and
so on. The latter ones are somewhat more flexséigyway the administrator when editing the task
has to specify the expected correct answer, whictode a well formed algebraic mathematical
expression or relation.

Tasks 1, 2 and 5in the box above are “exercise#fiertool environment, whereas tasks 3, 4 and 6
are “problems”.

The someway not natural instructions on how foritmdathe answers to the tasks 3, 4 and 6 are
due to the above mentioned constraints on thedditiag.

To conclude, we remark that all the presented tasksnainly closed ended tasks with just a single
correct answer. This choice is only indirectly mated by our theoretical framework and our
educational goals. In fact, according to our thecakframework and in order to achieve the stated
educational goals pupils need to interact with thel without their teacher's mediation. This
implies the need that the tasks can be as muclosshte consistently posed within the tool and
that their solutions can be validated by tool alddech constraints lead us to choose the kinds of
task reported.

- the choices of the data and their analysis?

During the experimentation we collected the follogvdata:
- students’ written productions from the initial ainthl tests and from the pre-test (paper and
pencil environment);
log files of Aplusix from the Lab sessions, inclagithe pre-test
written reports at the end of each Lab sessionaatite end of the pre-test
video and audio records of some pairs work fromLitie sessions;

initial test lab sessions pre- final test final tst
Written solutions X X X
log files of Aplusix X X
video and audi X X
records
Written report X X

As mentioned in the description of the teachingeeixpent, the collection of pupils’ solutions of the
initial and final tests should allow to investigatdether and how pupils' activity within the tool
environment reflects on their activity within theisual” paper and pencil environment. The
comparison between pupils' performances in thetests — in terms of number and typologies of
failures — should provide some hints about thetsthoe effect of pupils’ work with Aplusix.
Moreover, according to our theoretical frameworke tuse of the tool can influence pupils’
performances because the control provided by tbeitgelf can be internalized. Traces of such
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process of internalization will be looked for ingis’ productions in the paper and pencil
environment.

Aplusix is provided with a user friendly log filesewer which shows one's work step by step as it
appeared on the user's screen. This feature altbe/sresearcher (as well as the teacher) to
analytically observe the whole pupils' work. Pupisors and impasse are easily detachable as well
as their strategies to overcome or by-pass sudnseor impasse. The detailed analyses of pupils’
strategies to overcome or even by-pass difficuttied errors and of the possible evolution of such
strategies are precisely among our main focuses.

Unfortunately this log files viewer is still in delpment and it does not work well with the log
files of the tasks “problem” of Aplusix (within Apsix two different kinds of task are available:
exercises and problems). As a consequence thecdatzrning pupils' work with “problems” are
less detailed than those concerning pupils' wotk Wexercises”; even the analysis of those data is
less accurate.

According to the Vygotskijan approach, consciousrn@ays a relevant role in the development of
higher psychological functions. Because we arerésted in the development of abilities of
controlling, monitoring, anticipating difficultiesgletecting and overcoming errors, we are also
interested in investigating the development of [®udevel of consciousness of their possible
difficulties, of their available strategies, of thewn processes and abilities.

In order to investigate this aspect we decidedstoupils to write reports at the end of each lab
session. More in detail, the reports are based &t af two or three questions from which pupils
are asked to elaborate and detail their view andepéion on the kind of activity, on the
functioning of the tool, on the difference — if anrybetween the tool environment and paper and
pencil, and between Aplusix feedbacks and the sr&cfeedbacks.

Some of the questions are also devoted to invésttha user-friendless of the tool.

Audio and video records aim at gaining some infran about the interaction between pupils,
from which indications may emerge related to theettjpment of both pupils' strategies and their
consciousness. Whereas the analysis of the log @itees not provide any hints of how pupils’
cooperation develops.

Last but not least, our interest in the developneénhigher psychological functions and the focus
on pupils’ consciousness of their possible diffieg] of their available strategies, of their own
abilities, leads us to carry on a qualitative stuaiyer than a quantitative statistical one. Irt fae
are convinced that at the early stage of such eares detailed qualitative analysis of pupils'
behaviours may be more inspiring than statistioahgarisons of data.

- the results you obtain and the conclusions you drirem these?

We thing that the question how our theoretical casihave influenced the results we obtain can be
addressed under different perspectives. Triviabgults are determined by the whole planning and
design of the teaching experiment and thus theynditeenced by our theoretical choices in a really

indirect way.

In a less trivial sense, our theoretical choicefué@mce what we recognize as a result of our

experimentation. Even less trivially, our choice®reise their influence on what we consider as

evidence supporting those results.

In this report we face the posed question tryingutline what can be considered a result and what
supports such result, according to our theorefieadpective.
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We have to prove our results against the stateccadidmal aims: (a) to reinforce pupils'
computational and ordering skills, and (b) to eagblipils to develop strategies for monitoring,
detecting, overcoming and anticipating errors.

Let us remark that a result may be, in a sensesitige”, that is it may confirm our a priori
hypotheses and highlight the coherency of the mdnteaching experiment with the posed
educational goals; or “negative”, that is it mayesgtion our hypotheses and the efficiency of the
conception of the teaching experiment with respethe posed educational goals.

As for the educational goal (a), we stated abow¢ @hreinforcement of pupils' computational and
ordering skills can result from the interactionvbe¢n pupils and tool whenever such interaction
does not originate ruptures and obstacles to pmtons.

A first result would emerge from the comparisorpopils' performances (in terms of successes and
failures) in the initial and the final tests as hat from the analysis of the evolution of pupils’
performances along the lab sessions. Anyway beaafuge different kinds of tasks and activities
proposed to pupils in the different lab sessioms,rteed emerges of defining criteria for comparing
pupils' successes and failures in those sessions.

Besides the possible improvement of pupils’ periamoes, we consider as results also those
elements supporting the realization of the hypotegsprocess. More precisely, as argued when
describing the data collected, according to ouprtbigcal framework, the use of the tool can
influence pupils’ performances because the comrovided by the tool itself can be internalized.
Traces of such process of internalization will bekied for in pupils’ production in the paper and
pencil environment.

As for the educational aim (b), a first result detssin observing whether and to what extent pupils
take the responsibility of detecting and overconthegr own errors.

More results can arise from the investigation efc¢bnstruction, the emergence of strategies for:
detecting and overcoming errors,
anticipating difficulties,
bypassing errors.

The construction and interiorization of strategaes long term processes. Within the limits of this
experimentation we can only hopefully find somecés of the first steps in the development of
such strategies.

Here is an example of what we consider as the
first development of a strategy for detecting
errors.

The task of computing an expression in at least
two different way was given in the without
control mode, then pupils were asked to observe
their work and in case correct it in the self-
correction environment (with control mode).
This first figure shows pupils’ production as
displayed in the self-correction environment.

As one can see the non equivalence of the first
two expressions is marked.
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At first, the two pupils seem worried about havognmitted errors in calculation, as a matter of
fact they control whether they computed corre@lyimes 4/5 and 5/12+5/6.

After many minutes they write -8/5 as result oftirfles 4/5 and give up to compute 5/12+5/6: the
resulting expression is equivalent to the given.oheyway they do not detect their error yet
(neither they overcome it) and in fact they maleesame error when writing the third expression.
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It will take some more minutes and unsuccessfakthefore pupils detect and overcome their error
and conclude positively the task.

Moreover more problems can be posed related todhstruction of strategies:
whether the arisen strategies are only occasionaklystematically mobilized by pupils,
to what extent such strategies are dependent ototthenvironment and whether they can
be mobilized in different environments (e.g. paged pencil).
Unfortunately because of the limits of the expentaéion carried on, we think that results related
to these topics hardly emerge.

One more interesting point concerns the developmwigntipils’ consciousness of their own possible
difficulties and of their strategies to anticipdbgpass and overcome them. Here again a short term
experimentation may not suffice to fully explorastllimension. Any way , some hints or traces
may emerge, be found in the reports pupils edit.

We report below two extracts from the reports ab pupils (of different schools) who comment on
the control provided by the tool and whose vieweasfectly consistent with our a priori hypotheses.

In your opinion, is Aplusix control useful?

Nic: I think it is very useful because the automatintoa allows us to detect our errors and then it
obliges us to reason in order to understand winereirors are.

Do you find more easy to understand and correct yorors with Aplusix self-correction or with
your teacher’s correction? Which one is more usgfylour opinion?

Bru: [during the self-correction] we are obliged to reat the committed errors and so they are
better assimilated and we can learn the rule wgotoilt is just in this way that we could better
learn the error and better remember it

Finally, in answering the first question we remakkbat Vygotskij's hint concerning the effect of

the use of signs (and tools) on the developmeritigiier psychological functions has not so far
been further developed.
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As a consequence one more result — which we arabtetto anticipate yet — should be to identify
to what extent the present development of the \&lgin approach can support the analysis of the
construction of abilities of monitoring, controldaself-correction.
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3 ARI-LAB2

3.1 Developer's team: ITD (Pedemonte, B., Robotti, E.)
- Brief description of the instrument, explainingkey ideas

ARI-LAB-2 is a multi-environment open system thaipports different and complementary
pedagogical opportunities.

It is a stand-alone system running on local netaotkcan be used in a classroom or in a school
laboratory to enable arithmetic problem solving\aiés in an interactive and collaborative way.

In ARI-LAB-2, the teacher plans and structures adional activities for his or her students (s/he
edits texts of problems, s/he builds examplesaddit®n...), and the student solves arithmetic
problems using manipulation tools, representateaiures and communication features provided by
the different environments which make up the system

ARI-LAB-2 comprises the following tools:
Solution Sheetenvironment. It allows the solution to be desalibed presented.

Microworlds environment. Microworlds embody an abstract donmdiknowledge described in a
model, and offer a variety of ways to achieve al.gééthin microworlds, the user can create
and manipulate computational objects to developstblation strategy for a problem. While
interacting with these computational objects, tBerueceives various kinds of feedback that
may foster the emergence of goals for problem gwiwend the construction of meanings for the
strategies developed. The available microworlds: d&aro, Abacus, Calendar, Number
Building, Number Line, Graphs, Simplified Spreadsh@®perations, Fractions and Arithmetic
Manipulator.

Communicationsenvironment. It enables the exchange of messagkesantions among users.

Problem solving, and, in particular, Arithmetic plem solving, is a field in which primary and
lower secondary school pupils tend to have conalderdifficulties. We know that mathematics
knowledge acquisition cannot be approached punelgn fa symbolic perspective. Moreover, we
know that making reference to students’ own exgmexes in the real world is necessary as well as
attaching importance to concrete approaches t®ided concepts.

ARI-LAB-2 addresses this need by offering teachierds to build constructive learning activities
and giving students the possibility to interacthwitch constructive environments to carry out these
activities. In particular for each proposed task tdacher can define the set of microworlds of ARI-
LAB-2 that can be used according to her educatinaatis/goals.

For example, by using ARI-LAB-2 microworlds, theudént can create and manipulate concrete
representations to which he or she can assign aematical meaning in order to develop the
solution strategy

- Indicate the theoretical framework employed to dgsiand implement the software

The aim of our design system is to support the ttoatson of class teaching and learning activities
in arithmetic problem solving (at primary and lovgscondary school level) making reference to a
social constructive perspective. In this perspective, learning is tlesult of the student’s
exploration and active construction mediated bytdloés, and by the social interaction developed in
theactivity the student is engaged in.
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In particular we refer to the Activity Theory framerk which offers us an appropriate tool to
instantiate the main relationships that charaatdria learning environment (we adopt the term
learning environmento consider the teaching and learning situat®a &hole).

In the Activity Theory the nature of any artefa@ncbe understood only within the context of
human activity, by identifying the ways people tisis artefact, the needs it serves, and history of
its development. Human usually uses an ICT tooabse he wants to reach a goal. But the use of a
particular tool can change the structure of agtidhd can result in new goals to be satisfied.
Activity theory allows to analyse this change.

For what concerning the design of ICT tool&ctivity theory can make an important impact on the
development of design support tools. The desiga méw ICT tool involves the design of a new
activity. However, even the perfect design of aaligctivity does not guarantee the success of a
system. The transformation of an activity fromimitial target state can be difficult and even
painful. Activity theory can be used to develop epresentational framework that will help
designers to capture current practice and build dicive models of activity dynamics. Such
conceptual tools would enable designers to achasropriate design solutions, especially during
the early phases of desi§iiKaptelinin, V. 1997)
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3.2 Experimenting team 1. LIG (Trgalova, J., Chaachoua, H.)

3.2.1 A priori (with respect to the experiment) que  stions aiming at collecting
information concerning the design of the experiment

General

What theoretical frame(s) do you use and what matad your choice? How do you see
their potential and eventually limitations for thiproject?

Artefact/instrument

Our goal is to study the effects of using a compbtsed tool (ARI-LAB2) on the learning of the

concept of fraction. Verillon and Rabardel (199%)ess that a tool, an “artefact”, is not

iImmediately an instrument. A person who wants t® ais artefact builds up her/his relation with
it:s/he develops uses of the artefact (instrumesattabn) and builds instrument utilisation schemes
to control these uses (instrumentation). This mede called “instrumental genesis”. Within this

theoretical framework, we are interested in stugyimstrumental genesis in pupils working with

the fraction microworld of ARI-LAB2 software.

Anthropological theory (concept of praxeology) (Chevallard 1992)

According to Lagrange (1999), tasks, techniques tir relationship with the instrumental
genesis are a key point in the use of technologgdoh and learn mathematics. The author points
out that “the organization of the tasks and asseditechniques must comply with the constraints
of that [instrumental] genesis and direct it inradquctive way: schemes cannot develop arbitrarily
and not all combinations of schemes are able tdym® mathematical meaning”. Therefore, our
purpose is first, to investigate the types of tabled can be given and that are meaningful in the
computer-based environment and, second, to sear¢asks and techniques that allow developing
an appropriate instrumental genesis for functions.

Analysis of ARI-LAB2 tool

What forms of feedback are provided? How are sadmts validated and by whom (e.g. by
the tool itself, by a teacher, by peer- or selfidation?

What is the “distance” between the objects and theans of manipulating provided by the
tool and those used in paper-and-pencil based warthin the target domain?

Design of the Teaching Experiment
Describe briefly the key ideas of your experimert then answer to the following questions

What are the precise aims of your experiment aneé tjuestions you want to focus on?

What is the type of research that you follow (eatassroom based, case srudies) and how is
this related to the kind of your research focus;

Which characteristics of the activities and tasks gou think they support the generation of
meanings in a constructionist or experimental orezv playful way?

How do you capture/analyse the role of the tools paopils problem solving processes or
solutions?
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3.2.2 A posteriori (with respect to the experiment) guestions aiming at
individuating, collecting and gathering the results of the experiment.

Recall that for our experiment, we chose Ari-Lab&ware. The mathematical concept we decided
to deal with was the notion of fraction. The expent was carried out in one elementary school
class comprising two levels, Grades 4 and 5. Gdapepils have just been introduced to the notion
of fraction (sharing a unit in equal parts), whBeade 5 pupils have learnt the meaning of fractions
last year in the traditional paper and pencil esrvinent. Given the pupils school level, we only

used the “Fraction” microworld of Ari-Lab2 software

Is there any difference in the answers that you gasluring the a priori analysis at the
following questions?

Taking into account the limited feedback of thel imothe first kind of activities (see the previous
guestion), at the end of each activity, we askedpihpils to reflect on their actions. We expected
that the pupils would search for the reasons ofir tlpssible mistakes and difficulties.
Unfortunately, it was not the case. The pupils jostrected their errors committed in the
anticipation phase on paper according to the angnmnded by the tool and moved ahead to the
next question. The computer environment did naivalihem to interpret and explain the feedback
of the tool. Moreover, when the feedback was predidgh the form of the correct answer, the
situation lost all of its interest.

What forms of feedback are provided? How are sadats validated and by whom (e.g. by
the tool itself, by a teacher, by peer- or selfidation?

The feedback provided in the “Fraction” microwockhsists in the fact that a number (e.g. 7/3) can
be built in various ways (e.g. 7/3, 2 + 1/3, 14/§,and that the tool displays labels keepingetraic

the way it has been built. This kind of feedbac&nsed particularly interesting for our experiment
because first, it allows to introduce the idea thitierent expressions can represent a same number,
and second, it allows working techniques relateth®arithmetic operations with fractions. Both
these aspects are conform with the French curmedbr the Grades 4 and 5. The pupils answers
given in the paper and pencil environment weredaadid afterwards by the tool only.

What is the “distance” between the objects and theans of manipulating provided by the
tool and those used in paper-and-pencil based warthin the target domain?

It turned out that the “distance” between the f@actimplemented in the Ari-Lab2 “Fraction”
microworld and the fraction taught and learnedha Erench primary school is rather big. This
distance is due to the following three issues:

1. Meaning of fraction: in the tool, a fraction appeas a number placed on the number line,
while in the primary school, it is introduced inetltontext of sharing a unit. During the
experiment, the teacher needed sometimes to swaoh Ari-Lab2 to a context familiar to
pupils (e.g. sharing pizzas) in order to help tte@rcome their difficulties.

2. Construction technique: in the tool, the fractioonstruction is based on the geometric
projection method which is not available at tharany school level. Our pupils were used
to construct fractions by means of sharing unitstte® number line. Therefore, in the
experiment, we decided not to explain the constradiechnique of the tool to the pupils,
but rather use it as a black box. As a consequéheeconstruction technique could not
contribute to make sense of fraction construction.
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3. Execution of the technique: the “division” buttcE is associated to the fraction
construction. Thus the underlying meaning of theetion a/b is that of a quotient. In the
French primary school, the way fractions are inticet leads to seeing the fraction a/b as a
~ 1/b. During the experiment, we noticed that thpilsuhad developed a double language:
e.g., in the Ari-Lab2 environment, they were rafegrto the fraction % as “three divided by
four”, while in paper and pencil environment, tivegre saying “three fourths”.

To sum up:

Ari-Lab2 French primary school
“Fraction” microworld

New number allowing to express
Fraction Number on a number lineresults of measurements (sharing a
unit context)

Thales propert
(projection method)

"Quotient a/b a’ 1/b

Construction techniqu ’/Sharing units on the number line

D

Meaning of the
fraction a/b

Table. Distance between the fraction implemented ithe tool and the fraction taught in French primary
school.

How do you capture/analyse the role of the toolspaopils problem solving processes or
solutions?

As we mentioned previously, the role of Ari-Lab2snma validate the pupils answers provided in
the paper and pencil environment. In our experimene distinguished two kinds of
activities according to the role of the tool:

1. The constructed number is the answer to the queé&tig. locate a fraction on the number
line, compare two fractions). In this case, thesrof the tool is very limited because the
feedback is provided in the form of the answer He fjuestion, therefore it does not
stimulate the solving process.

2. The constructed number is not the answer to thetimure(e.g. add up two fractions). In this
case, the tool provides a feedback just tellingthirethe answer is correct or not without
revealing the correct answer, so that the solvioggss can start again.

Clearly, the situations of the second kind are nmoine appropriate to learning fractions.

Do users also use other modes of representation provvided by the tool itself (e.g. paper-
and-pencil representations, calculator)? What arbese and what does their function
appear to be? How do these modes of representatdate to those provided by the tool?

In our experimental activities, we combined the sus# paper and pencil and Ari-Lab2

environments. Although the representations of ifoast we used in both environments
(representation of a fraction on a number linecticen expression) are very similar, the two
environments turned out to be complementary. Thelpwere asked to anticipate their answers in
the paper and pencil environment and these werdatatl with Ari-Lab2. The anticipation phase
which is essential to the learning, is infeasiblthvri-Lab2 in most of our activities. For example

in our first activity, we asked the pupils to logaiven fractions on the number line. In the Ari-
Lab2 “Fraction” microworld, it is not possible tdape a fraction freely, one must construct it,
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therefore the fraction is placed correctly. Thesrol the paper and pencil environment was to allow
the pupils to engage in the solving of the exerciseely, with their own knowledge and without
the software constraints. The role of the compeitetironment was to validate the pupils answers.

In your opinion, in which ways do your theoreticahoices have influenced:
a. the analysis of the software and the identifimat of its didactic functionalities
(software features, educational aims, modalities @&mployment including the
configuration of the software)?
b. the conception of the experiment?
c. the choices of the data and their analysis?
d. the results you obtain and the conclusions yaaw from these?

Introduction

In this contribution, we try to clarify how the dhe of the theoretical frameworks have influenced
the analysis of the software and the identificatdrdidactical functionalities (software features,

educational aims, modalities of employment inclgdine configuration of the software) on the one
hand, and the design of the exepriment on the dthad. The answer to the next two questions
(influence of the theoretical frameworks to the ickoof the data and their analysis, and to the
interpretation of the results) requires a furtheailgsis which is in progress.

For our experiment, we have chosen Ari-Lab2 soféwgeveloped by the CNR-ITD research team.
Ari-Lab2 consists of several microworlds designedstupport activites in arithmetic problem
solving and in the transition to algebra. The mat#igcal concept we decided to deal with was the
notion of fraction. The experiment was carried ioubne elementary school class comprising two
levels, Grades 4 and 5. Grade 4 pupils have juest beroduced to the notion of fraction (sharing a
unit in equal parts), while Grade 5 pupils haverreahe meaning of fractions last year in the
traditional paper and pencil environment. Among MreLab2 microworlds, two are suitable for
working with fractions: Fraction microworld and Slolic manipulator microworld. The latter
provides tools for proving rules given a set ofomxs. Given the pupils school level, we considered
this microworld not adapted.

In the following section, we will focus on the Ftiann microworld that has been used in our
experiment.

The software analysis and identification of didactial functionalities

The Fraction microworld provides a graphical reprgation of fractions on the number line. The
fraction construction technique implemented intth@ is based on the projection principle (Thales
theorem). Commands allowing to perform basic arétion operations on fractions (addition,

subtraction and multiplication) are available (Feya).

Figure 1. Ari-Lab 2, Fraction microworl
interface : Creating a fraction %a.
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Analysis of the Fraction microworld of the Ari-LaR software

The software analysis has been guided by two niegaretical frameworks: the theory of didactic
situations (TDS) and the anthropological theorycéxding to the TDS framework, learning occurs
in the pupil while interacting with a “milieu”. Tisuthe “milieu”, and especially the feedback it
provides, plays a key role in the learning procé@$® feedback should be rich enough so that the
pupil, or a group of pupils, can work autonomouslyd construct knowledge by adapting
themselves to the “milieu”. The teacher’s role i;imised in order to avoid the effects of the
didactic contract. Therefore, in the Fraction mieoold analysis, we have investigated its potential
in terms of the feedback it is able to provide. Witthe anthropological theory, we have explored
the types of tasks related to the concept of factihhat can be given and that are meaningful in the
microworld. Identifying the relevant tasks led asiefine the educational goals for our experiment.

In terms of feedback provided in the Fraction miaodd, the fact that a number (e.g. 7/3) can be
built in various ways and that the tool displayBels keeping trace of the way it has been built
(Figure 2a), seemed particularly interesting. Fiistallows to introduce the idea that different
expressions can represent a same number, and sécatolws working techniques related to the
arithmetic operations with fractions (Figure 2b).

Moreover, the fact that a fraction the user buildth Ari-Lab 2 is placed on the number line can be
considered as a feedback validating the user'sipated answer. Such a feedback is useful in the
tasks of placing a fraction on the number line, paring and ordering fractions, situating a fraction
between two consecutive integers, and insertingaatibn between two given fractions. The
educational goals for the experiment could have liedined:

(1) recognize various expressions that represent a samber;

(2) situate a fraction between two consecutive integers

(38) compare and order fractions;

(4) add and subtract simple fractions, multiply a senfpaction by an integer.
These goals are conform with the French curricufomthe Grades 4 and 5 (See Appendix 1).
Therefore, the teacher could integrate Ari-Lab 2hi® teaching of fractions without changing the
mathematics organization of her teaching project.
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Figure 2a 7/3 and 2+1/3 represent a same number. Figure 2b. The sum 2/3 + 5/3 is equal to 7/3.

Didactical functionalities

The analysis of the tool in terms of feedback amel tiypes of tasks that are meaningful in this
environment allowed us, on the one hand, to idgthié features and characteristics of the tool that
are to be used in the experimental activities, andhe other hand, to define the educational goals
of the experiment.

As regards the modalities of employment of the,ttw pupils are thought to work in pairs with the
tool without the teacher's intervention. The chaéegupils working in pairs is motivated by the
socio-constructivist hypothesis underlying the TB&ording to which the social interactions
between pupils can contribute to the learning. Téacher is purpously taken distant while the
pupils are solving activities. The reason for tisatvofold: (1) as was mentioned above, we wish to
avoid the pupils respond according to the didamdiatract, and (2) in order to learn, the pupilsehav
to encounter a cognitive conflict while solving @lplem. This conflict raises from a contradiction
between an anticipation and a denial, coming efttoen the “milieu”, or from peers.

In the table below, we summarize the three dimerssaf the didactical functionalities of the tool:

Educational goals (Drecognize various expressions that represent a |[same
number

(2) give different expressions of a given number

(3) situate a fraction between two consecutive integers

(4) compare and order fractions

(5) add and subtract simple fractions, multiply a senpl
fraction by an integer

Features/characteristics of the to@reating a fraction on the number line
Displaying labels keeping trace of the way the nemb
has been built

Modalities of employing the tool| Pupils workingpairs without teacher’s intervention
Class discussion of the pupils answers

Table 1 Didactical functionalities of the Ari-Lab 2 Framti microworld.
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The design of the experiment

The experiment has been carried out in one prirsahpol class comprising two levels: Grade 4

and Grade 5. The teacher was just working on frastiat both levels: the Grade 4 pupils were

introduced to the notion of fraction by means ajlppems where a unit needs to be subdivided (e.g.
length measurement). Grade 5 pupils have alreagly iméroduced to the notion of fraction last year

and at the time of the experiment; they were |Iegyhiow to locate a fraction on the number line.

The experiment was planned to consist of 3 phases:

(1) A pre-test in a paper/pencil environment, aiming catlecting information about the
knowledge of fractions in the pupils prior to theperiment. We tried to make the pupils
explicit their representations of the notion ofctian, their ways to operate with fractions
(comparing two fractions, adding two fractions, tplying a fraction by an integer), and
their ability to locate a fraction on a numeridakl

(2) The experimental teaching sequence involving thiwsoe consisted of two phases:
familiarization with the software, mainly the repeatation of fractions embedded in the
fraction microworld of the software, and a seridésactivities aiming at the learning of
fractions (comparing fractions, locating a fractimm a number line, various written forms
of a given fraction, operations with fractions).

(3) A post-test in a paper/pencil environment aimingregasuring the effects of using the
software on the learning of fractions.

During the familiarization phase, one of the reskars was manipulating a computer with the Ari-

Lab 2 Fraction microworld. His screen has beenguted so that the pupils were able to see his
actions and do the same. In what follows, we dbscthe design of the experimental teaching
sequence and provide a rationale for each question.

The first series of activities (see below) aimedeaiching the first 3 goals dealing with locating a
fraction on the number line, and recognizing orirggvdifferent expressions representing a same
number. The structure of the tasks is similar: ppils have first to anticipate the answer, then
verify it with the tool and correct errors, anddily explain their procedure. Such a structure is
motivated by an attempt to provoke a cognitive koinEoming from confronting the anticipated
answer, possibly incorrect, with the answer protithy the tool. The feedback provided by the
milieu in this case consists in validating the psipanswers. We hope that when the pupils
encounter such a conflict, they will not satisferiiselves with identifying and correcting them, but
that they will also try to overcome them.

) Fractions, numerical expressions involving fracions
1) Building fractions
a) Using a blue pen, indicate where the followiragfions are situated : %, 8/5, 32/7, 26/11, 16/10.

b) Build the same fractions with Ari-Lab2. Compareur answers with those provided by the
computer. Correct your errors, if any, in red.

2) Different expressions representing a same number
a) Among the following expressions, encircle withlae pen those that represent a same number.

)] S7) 9/12 15/16 6/10 45/60
i) 2+1/3 3/5 713 21/9 1+5/3
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b)Verify your answer with the computer. Correct yeurors, if any, in red.
c) Explain how you decide whether two expressi@msasent a same number or not.

3) Different expressions representing a given number
a) Give three different expressions of the numlib@r 7
b) Verify your answer with the computer. Correcuyerrors, if any, in red.

The next series of activities (see below) aim amgaring fractions, either to the closest integers,
to each other. The structure of the tasks is sinilahe previous ones. The feedback provided by
the tool allows validating the pupils’ answers.

[I) Comparing fractions
4) Situating fractions between two consecutive integer
a) Situate each of the following fractions betwaga consecutive integers:
...<18/10< ...
<Y<
L. <1713 < ...
... <45/100 < ...
..<356/100 < ...
.. <252 < ...
b) Verify your answer with the computer. Correctiyerrors, if any.
c) Explain how you decide between what two integegs/en fraction is comprised.

5) Comparing fractions

a) Among the 5 children,

- who has the most of chocolate ?

- who has the least of chocolate ?

- do some have the same quantity as some other?

Tom:8/3kg Théo:7/2kg Lou: 14/4 kg Léo: Rp Lola: 8/5 kg

b) Order the quantities of chocolate the childramenfrom the smallest to the greatest one.

c) Verify your answer with the computer. Correctiyerrors, if any.

d) Your Grade 4 classmate is asking you how youodocompare two fractions. How would you
explain it to him?

The last series of questions aim at learning teples related to the basic arithmetic operationls wit
fractions: adding and subtracting two fractionsd anultiplying a fraction by an integer. The
structure of the task is again the same: anti@patif the answer, validation with the computer,
correction of errors and explanation of the proceduThe feedback provided by the tool in these
activities is more likely to support the pupils’ogedures evolution. Let us illustrate this in an
example. The pupil has to calculate ¥2 + 1/3. Supgbat his procedure consists in adding the
numerators and the denominators of the two frastithrus obtaining 2/5 as a result (frequent
strategy in primary school pupils). In order toifyehis answer with the tool, he will construct 2/5
on the other hand, and %2 + 1/3 on the other hantlké&Jto the previous activities, the feedback
provided by the tool will simply indicate that taa@swer is not correct, without providing the right
answer. The pupil will realize that his initial atiegy is not correct and will need to search for
another one that allows finding the fraction whiglequal to the sum % + 1/3.
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[II) Operations with fractions
6) Calculation

a) Calculate :

1/3+1/3=... Yo+ 3/2 =
2/3 +4/3 = 1/3+% =
4/10 + 2/5 = 3/10 + 7/10 =
3" %= 5 1/3=

b) Verify your answer with the computer. Correctiyerrors, if any.

¢) Your Grade 4 classmate is asking you how yotodadd two fractions and to multiply a fraction
by an integer. How would you explain it to him?

To add two fractions:

To multiply a fraction by an integer:

Each series of activities is followed by a discossamong pupils orchestrated by the teacher
pertaining to the pupils’ responses and strategiesng at a collective validation of the correct
ones.

To conclude, the design of our experimental aetigsitwas guided by the chosen theoretical
frameworks. On the one hand, we attempted to ceeatdieu integrating the tool in the way for the

pupils to be able to engage in the proposed tagk®wt a teacher’s intervention. This required to
guarantee a feedback coming either from the mitsaif or from the pupils interactions with peers.

Moreover, the feedback should be rich enough tpaedghe pupils initial knowledge evolution. On

the other hand, the tasks we have chosen were roordoth to the French curriculum and to the
mathematics organization of the teacher’s teacpiogect.
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3.3 Experimenting team 2: DIDIREM (Cazes, C., Georget, J.-P., Haspekian, M.,
Souchard, L., Vandebrouck, F.)

3.3.1 A priori (with respect to the experiment) que  stions aiming at collecting
information concerning the design of the experiment

General:

What theoretical frame(s) do you use and what matad your choice? How do you see
their potential and eventually limitations for thiproject?

For this a priori phase, we use 2 frames :
- ergonomic approach : Tricot (ergonomic psycholo@gapin, Bastien (computer science)

- instrumental approach (cf. deliverable)

Ergonomic approach

This frame is not developped in the deliverabldtmoretical frames but it is used in the E-learning
domain. Actually, we only know french referencegage tell us if you know references in english
language.

For more information, you can watch on:
http://lwww.ergoweb.ca/criteres.html
http://perso.wanadoo.fr/andre.tricot/Tricot-et-dlAHStrasbourg.pdf.

This frame use 3 key concepts which are linked:

usefulness
usability
acceptability

Usefulnessmeans that we must watch if the tool is confornthi original aim of the authors. In a
certain way, it's a part of a final evaluation dbal. A priori, it is an important thing to thirdbout

it but in our case we don't know exactly what they. So, following this frame, we must define our
own aims and design precisely our experiment tkworthis point. We can't do it actually.

Usability: it is the possibilities of manipulating the todh this, we must watch on provided
feedbacks, [cf. doc bastien]. It's a large partanfa priori analysis and during the process of
development of a tool.

Acceptability: possibilities to access and to use the tool. rQfte is more an a part of an a
posteriori work, because we don't always know hiogvthings will happen and why the users use
the tool and if they really want to use it.

The frame is a general one which permit to integrdifferent frameworks and results in
mathematic education, psychology, ergonomy, conm@aience.
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In the point of view of ergonomy, the 3 conceptaraa efficiently be studied independently. For
example, the usability analysis can permit someothgsis about the acceptability aspect but it is
not sufficient. In fact, we can see that somesdioat have a “bad” usability (in our point of view
and which are well accepted in the classes As aretsm example with AriLab, one can't undo
actions nor redo them as for many other softwdfege only make a usability analysis, it can be
interpreted as a bad point. But, in terms of aadapty or usefulness, one can see here that it is
expensive in time and in energy to not think enobgfore doing things with the tool: the students
must be more reflexive on their way of solving greblems. Here, an usefulness and acceptability
analysis can occur better after the experiment.

Instrumental approach

Our questions are “how the students will use thastgmainly euro and operations tools in this
short experiment) and even will they use them?”.Wdat to study if there is a instrumental genesis
and which instrument (in this frame) are developed.

For recalling the concepts, we cite (Artigue, 2002)he instrument is differentiated from the
object, material or symbolic, on which it is based for which is used the term “artefact”. Thus an
instrument is a mixed entity, part artefact, pagrtive schemes which make it an instrument. For
a given individual, the artefact becomes an insamtmthrough a process, called instrumental
genesis, involving the construction of personalesebs or, more generally, the appropriation of
social pre-existing schemes. Instrumental genesiksvin two directions. Firstly, it is directed
towards the artefact, loading it progressively wititentialities, and eventually transforming it for
specific uses; this is called the instrumentalsabtf the artefact. Secondly, instrumental genissis
directed towards the subject, leading to the dewreknt or appropriation of schemes of
instrumented action which progressively take shegptechniques that permit an effective response
to given tasks. The latter direction is properlijjechinstrumentation.”

Analysis of AriLab tool

What forms of feedback are provided? How are solutins validated and by whom (e.g.
by the tool itself, by a teacher, by peer- or selalidation?

We began to study the operations microworld. Whemvake an error, the tool don't write the error
(the digit we want to print on the screen). In othwrds, we strike a key but nothing is written
except the word “Error” (not at the place of thestur). The second point is that after the threst fir
errors, the tool give us an explanation of whathage to do and how. Then, it doesn't give more
explanations for the next errors. For examplettierresult of an addition after the 3 first erravs,

try each of the digit (0, 1, 2, etc.) for each ocotuof the sum without the need to understand how
the algorithm works. Here, the validation is mad®matically by the tool itself.

In the euro microworld, the student can selecttaobeoins and then call a wizard to obtain the
value of the set. There is no visual feedback hiyt a sound feedback.

Our analysis is not finished because we don't wantl because we had little time to do it) to
analyse all the tool but we want to concentratettem microworlds that could be used by the
teachers/students in our experiment. It's onlyst eipproach of our work.
What is the “distance” between the objects andrikans of manipulating provided by the tool and
those used in paper-and-pencil based work witrertdihget domain?
In the numbers microworld, we think that we finbwy :
560,400 is read as 560 thousand 400 by the wizard
8 . 52
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560,4 is read as 560 comma 4
560,40 is read as 560 virgule 40

But we find this feature interesting because tbeddback can not easily occur in a paper-and-pencil
environment. We often see students who write a murabhd when the teacher or another student
pronounce the number he realize that he make akeigfor example, he forgot a zero or add an
additional one).

Design of the Teaching Experiment

Describe briefly the key ideas of your experimeamd ¢hen answer to the following questions

What are the precise aims of your experiment aadjtlestions you want to focus on?

What is the type of research that you follow (elgssroom based, case srudies) and how is this
related to the kind of your research focus;

Which characteristics of the activities and tasks you think they support the generation of
meanings in a constructionist or experimental @nepayful way?

How do you capture/analyse the role of the toolsupils problem solving processes or solutions?

3.3.2 A posteriori (with respect to the experiment) guestions aiming at
individuating, collecting and gathering the results of the experiment.

As we said in the a priori document, the purposehefexperiment is to make pupils meet several
techniques of subtractions, to give sense to ttedmiques and to go towards the expert technique
by looking for the most effective. AriLab permits build a situation where the choice of two
microworlds is offered: euros and abacus. The fiesthnique in the euro microworld is to
decompose the first term of the subtraction in ptdeobtain the second and its complement as the
result of the subtraction. The second techniquéhéabacus microworld is closer to the expert
technique of subtraction where the decompositierbased on the decimal system.

We have prepared 3 sessions: 2 for discovering ehahicroworlds and a final problem session
(see our work for task#6). Our task 1 in sessias h a euro context “you have the following
banknotes (50+50+20+5) and you want to spend 9@settow do you do?”. Our task 2 in session
2 is in the abacus context “Use abacuses to maKer6and explain every stage by drawing
below”. In session 3, there are initially two preinls. The first one is explicitly in a euro contéxt
have 541 euro and | spend 175. How much does iaireme?”. Nevertheless, we think that it is
more easily resolved with the abacus microworlde $bcond problem is a problem with trains but
it doesn’t occur because of time. The name of gumie Marius, Gaspard, Gregoire, Charline and
Lea.

Is there any difference in the answers that you gasluring the a priori analysis at the
following questions?

There is a difference between our answers at thestgquns as we explain above and finally
validation have to be made collectively within 8tadents and the teacher.

Without any other experiments, we always think wivat have planned is adequat in terms of
distance. In our experiment the time for the inskeatal genesis is a "limiting factor” for achieving
an adequate use of the tools by the pupils andetmip to them to go beyond their actual
capabilities of computing with the whole numbers.
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Some ergonomic features and probably some bugsdlageplay a role in the experiment but we
didn't go further on this aspect.

Can you please tell me if it's more clear now @f give some precisions if you can as we are more
able to explain precisely) ?

What forms of feedback are provided? How are sabas validated and by whom (e.g. by
the tool itself, by a teacher, by peer- or selfidation?

As we saw in the a priori questions, Arilab prowdefeedback in the two microworlds selected in
our experiment. In the microworld euro, the feedbaancerns the exchange: “there are few” or
“there are too many”. In the microworld abacus, féedback is only a validation “yes” or “no” and
it doesn’t help student to overcome his difficuldar instance, during the problem session, Marius
is stopped because the abacus microworld doesmit tien to exchange 1 unit with 1 ten. It is
impossible but Marius doesn’t know why.

The feedback seems useful only when simple taskasied to pupils. Even for such tasks, some
pupils don’t enter their answer because they piew it to their teacher before. For others pupils
the feedback works as we anticipated.

Example of the efficient of the feedback in theeca$ a simple task in session 1: from 50 euros,
complete to have 125 euros.

Charline Léa Mariug  Grégoire Gaspard

All results are different; pupils know that thewim answer is correct.

For more complex tasks, the difficulty for pupitsto conceive their process of solution and the
feedback can not help them is this previous phHdsst of time, pupils need the help of the teacher.
The validation come from the teacher or from therpe

Example of validation by peers in the case of ttublem “I have 541 euros and | spend 175. How
much does it remain me? Explain how you do.” TweilsuGregoire and Gaspard found different
results and they compare each other. So Gaspardedéx compute again with the abacus
microworld. Here is his last screen but Gaspargdoé&now if his answer is correct.
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What is the “distance” between the objects and theans of manipulating provided by the
tool and those used in paper-and-pencil based waithin the target domain?

Each of pupils tries to solve the problem firstiythe euro micro word and then goes to work with
the abacus micro word (excepted Gregoire as we baga previously). When they work in the
euro microworld, we observed that none of them tisedirst awaited technique. Pupils working
with euro use an hybrid technique by trying to takiel75 from 541 step by step. It seems easier
for them to work in the abacus microworld. The aiste is probably closer with the paper and
pencil tasks.

For example, we observed a specific difficultyhe Charline’s work. She doesn’t give any sense to
541 in the microworld. Whereas, in the abacus nwortd, she can express 541 and even exchange
1 hundred with 10 tens. Even in the first sessimen the task is to compute 125-90 with the first
technique, she has difficulty to translate from ¢uweo microworld to the mathematic signification.
Her answer is the right one:

Léa Charline

For Charline, abacus microworld seems to be welptatl to help her to give sense to numbers. At
the end of the session 3, the exchanges are wadrstood by pupils but the use of AriLab is not
integrated in their mind for solving tasks. Pupkisow how to do the exchanges in the two
microworlds but they can’t call these proceduresh@mselves without any help.

How do you capture/analyse the role of the tools paopils problem solving processes or
solutions?

We adress this point with the help of the videcetapnd the notes of the observers during the
experiment. Firstly, we notice some points thatfimd interesting to present in the frame of our
short experiment.

We have tried to explain how our experiment wasswosucessful as we anticipated in the a priori
analysis. Mainly, it was because of instrumentalegés reason (impossible to etablish in a so short
time and we were aware about this point beforeettgerimentationfand* because of the "lack"
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of knowledge of the students which we were not awafr (we discover this point during the
experimentation).

Consequently and in a certain way, the role ofttdwds is minor in front of the type of the task
asked to the pupils as we said at the end of ocurdent for TASK?7.

We encountered some obstacles which have not gedhtite students to use the tools efficiently.

Firstly and to try to be more clear about both sageen in our document, there is the "incident” of
Gregoire which is (finally !) a good mental caldmlaand mainly uses the tool only to present the
results (which are wrong) and not to construct th€or him, the tool is only a way to give a
representation of the result in a pleasant manner.

Otherwise, the others pupils use the tool to trgdatve the problem. Gaspard is the only one to
succed using the abacus microworld of the tool .

The other aspect that we adress in our work iscdse of Marius which is trying to use both
microworlds but does not success and then triespargand-pencil technique which also does not
success. The tool does not give appropriate feédbiacthe difficult task asked to the pupils, it
gaves only feedback to simple tasks so it cannlpthpils to find a process to solve the problem.

Do users also use other modes of representation prowvided by the tool itself (e.g. paper-
and-pencil representations, calculator)? What arbese and what does their function
appear to be? How do these modes of representatdate to those provided by the tool?

One pupil Gregoire seems to be a good mental @tmulDuring the first and the last session, he
prefers to solve the tasks in his mind or in pagel pencil environment and use AriLab as a board
to present his results. In the first session (tasknpute 125-90”), he uses a paper-and-penciel
technique and present his result as in the eurcomarld.

In the problem session, he also uses a paper ai peEchnique, makes an error: his result is 541-
175=365 and he uses the euro microworld to prebentvrong result.
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Another pupil, Marius, during the problem sessibas trying to solve the task with the two
microworlds successively. Finally, he uses a papel-pencil technique which is wrong.

In your opinion, in which ways do your theoreticahoices have influenced:

a. the analysis of the software and the identificat of its didactic functionalities

(software features, educational aims, modalities @&mployment including the

configuration of the software)?

b. the conception of the experiment?

c. the choices of the data and their analysis?

d. the results you obtain and the conclusions yaaw from these?
We want to understand/describe/analyze the impatheo theoretical frames in experimention's
design and how it goes off. At the same time,dbespective of an ITC's natural integration in a
“normal “ class is a part of a french global conteiresearch that we want to cope with.

The DIDIREM team has chosen for this experimentatioe tool Ari-Lab produced by the team
ITD-CNR. We first present analysis of the tool atme different didactic functionalities and
selected some of these. Then we explain the cancept the experiment. We also try to clarify
and illustrate the exact role theoretical framegehaayed in both parts.

Analysis of the tool and identification of the didatical functionalities

Introduction

The DIDIREM team has chosen for this experimentatioe tool Ari-Lab produced by the team

ITD-CNR. The information provided by the designefsAri-Lab present this tool as a set of inter-

connected microworlds. The first inspection of Rab confirm this affirmation. As in any
- 57
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microworld, some abstract concepts are reified theomicroworld and embodied action on these
abstract concepts is accessible through the dmemipulation of their representations. The
interface looks attractive and its design seemsaaity well adapted to the elementary school.

A specific emphasis has been put in this tool endévelopment of interaction capabilities both for
collaboration between students and interaction &etweachers and students. These characteristics
of the tool will suggest two ways for the didactixploitation of the tool in the group: one giving
the priority to the interaction between microworldsproblem solving, the other to the interaction
between students for the collective elaboratiosadfitions of a complex problem and a reflexive
work on these solutions. Our usual theoretical &ardon't easily permit to analyse in depth the
collaborative phases. Moreover, due of the shore @llocated to the experimentation, the team had
finally decided to focus on the interaction betwesrcroworlds and didn't analyse the
communication features of the software. We moreplgeexplored the ten microworlds (euros,
abacus, number building, number line, calendarpliga simplified spreadsheet, operations,
fractions and arithmetic manipulator) searching fimose a priori best adapted to this
experimentation.

Selection of the microworlds
The selection was based on an analysis supporteslandess consciously by the following frames:
The instrumental and the ergonomic approach

The theory of the didactical situations (TDS)
The anthropological theory
The epistemological and didactical knowledge.

This analysis of the different microworlds has shomany interesting features and interesting
modalities of employment for most of them. We depehere some key elements about this
analysis separating by the lens of theoretical @&mn®bviously there are linked and weren't used in
a chronological manner and separatly.

The instrumental and the ergonomic approach

The inspection of Ari-Lab, from an ergonomic pexdpe, mainly concerned its “usability”. Issues
related to “acceptability® could also have been taken in charge by this emananalysis and by
the concepts of the anthropological approach. Beiwagre of the fact that the duration of an
instrumental genesis is necessarily longer thas thicro-experimentation, we tried to have
moderate and realistic ambitions in that respexnfthe beginning. This also made us sensitive to
the fact that, in such a short experiment, we cadtreally study the potential for mathematics
learning of a tool as complex as Ari-Lab, but osyme very limited facets of this potential. For
instance the interface seems quite simple andtiveuin the “euros” microworld. We can easily
drag and drop the coins and the banknotes in aefeamd can change them and the representation of
the coins and the banknotes are realistic. Theclaamicroworld offers more features but its
utilisability is less intuitive. For example, it is necessarglitk on the rubber each time we want to
(des)activate: that is not the case in the otherawiorlds where the rubber self-desactivates when
used. It's also the case of the calendar microwaskl a lot of messages (in english) and many
actions to achieve some elementary tasks.

13 We refer here to the distinction established iniogfy 2003) between three dimensions for ergonoamalysis :

« utilisability » evaluates the tool according t® accessibility and facility of use, « utility syauates if the tool really

does what it is supposed to do, « acceptabilitwaluates its acceptability by its prospective usgrsrsons or

institutions).
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The theory of the didactical situations (TDS)

This frame is an important part of the french dtaaculture that we share in the DIDIREM team.
Generaly, we pay a particular attention to the ibdgses of action offered to the pupils, to the
nature of the feedback possibly received, anddartterpretations in terms of “milieu”.

We distinguish feedbacks consisting in just a \ai@h of pupils' answers and feedbacks more
elaborated, and feedbacks more likely to suppopilgustrategies evolution, and mathematics
knowledge development. Some microworlds were elted because the system of feedback they
proposed was too much limited as compared with vidnagenerally expected from a “milieu”
offering a-didactic potential for learning. For tasce, an informative feedback is provided when
the rest si greater than the divisor in the openatimicroworld. When changing money in the euros
microworld, the software not only answers in tewwhsyes or no” but indicate if there is “too few”
or “too much” money to proceed to the change.

The anthropological theory

The team has used the anthropological theory ® itakharge the institutionnal analysis mainly in
the first two dimensions of the notion of didadtiactionality. In our opinion, the importance given
to issues of didactic legitimacy and institutiondéadtance attests the role played by this theory in
out approach of the experimentation.

Some microworlds were eliminated for reasons ofadise from an institutional point of view
(Chevallard). We found quite interesting the frae§ microworld based on the representation of
rational numbers on the real line. The underlyirethematics refer to the Thales theorem (as it is
called in France) which is taught later in the &rait year. We estimated that it was not realistic t
ask a teacher to substantially change its mathematganization of the academic year, just to be
involved in a micro-experimentation.

The euros and abacus microworlds both permit tfopesubtraction between whole numbers but
due to different features, the techniques (Cherdjllased are different. In the euros microworld,
we can make decomposition of the numbers in adtignchanging the money) and isolate one
term of the subtraction to find the result. Theetypf decompositions depends of the numbers
involved. On the other side, the abacus microwoninly permit decomposition based on the
decimal system (by decomposition of group of teladish Working on the diversity of the
techniques (personal and expert ones) used imeetith situations is an important educational goal
in the french curricum at the elementary leveltt8sse microworlds seem to be complementary for
the subtraction's approach.

The epistemological and didactical knowledge

Beside these different theoretical frames illustlaabove, a background of epistemological and
didactic knowledge as regard the numerical conegfield had also a certain influence. for
example, the abacus world is epistemologically oee the decompositions and recompositions
made in it are are used in one of the expert tecks of resolution of sustractions. It is suppdsed
be a facilitator for the students to make linkswestn the microworlds and the techniques they
already know for solving subtraction problem.

Conclusion of the analysis and the selection of tmécroworlds
The analysis and the selection of microworlds heenba progressive process. Due to the attractive
design of the software, we decided to work towaadsexperiment at the elementary level. We
wanted to involve at most two microworlds to favanieractions between them and to provide a
sufficiently rich “milieu”. Regarding to the prewis elements illustrated above, two microworlds
- 59
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were finally selected: “euros” and “abacus”. Thegaage's obstacle is partly avoid by the realistic
representation of the coins and the banknotesaretinos world and the small number of messages
provided by the both can be easily explain to timelents. They have feedbacks of different type
and they are complementary in terms of educatigwdls and techniques involved. Their
modalities of employment seems also rather similar.

Conception of the experiment

As we have though of the conception from the bagmmf our work, we have paid a particular
attention to it when we found a class for the expent. After presenting our work on the tool, we
present now our management of the conception oéxperiment.

The chosen subject is the notion of subtractiothatgrade 2. For these pupils, what is at stake at
this time is the extension of the field of numbéosvards numbers greater than 100 and the
preparation of the algorithm for subtraction thrbilge development of personal techniques.

The theoretical frameworks are implied in many aspef this experiment and we have tried to
isolate their main roles.

the anthropological approach
. for the identification of the different institutiah techniques of subtraction and the
associated type of tasks. The theory permits terdes the most economic and efficient
techniques with regard to the personal techniquesnare contextualized (here in the
context of the euros). According to this frame, tdtiplicity of techniques proposed to the
pupils favors the conceptualization of the subtoact

the TDS
. for the importance of the processes of devolutibtasks to the pupils, the formulation of the
solutions, the decontextualisation and the instihalization phases. The importance of the
milieu and the feedbacks that we have discussedeabo
the instrumental and ergonomic approaches for thesideration of the instrument in the
construction of the knowledge, the long proces$dleinstrumental genesis, the instrumental
distances, the instrumented techniques and papgrencil techniques.
Toward several techniques of subtraction
The purpose of the experiment is to make pupilstreegeraltechniquesof subtraction, to give
sense to these techniques and to go towards tletdrphnique by looking for the most effective.
The new mathematics syllabus for elementary schské teachers not to limit to the canonical
decompositions using the decimal numeration andemzourage diversity in the use of
decompositions. The goal is to prepare the autaat@dn of calculation without penalizing the
flexibility which is necessary to mental calculatior to what it is called “calcul réfléchi”.

AriLab permit to build a situation where the choafetwo microworlds is offered to pupils: euros
and abacus. Pupils can solve the same subtraatedem within the two microworlds. They can
reflect about which one is the best adapted tgthblem knowing that each of them favorize the
development of a specific technique.

The first technique in the euros microworld is &zdmpose the first term of the subtraction in order
to obtain the second and his complement as thdt ifstiihe subtraction. This technique is relied to
the breaking of banknotes.

The second technique in the abaccus microworldosec from an expert technique of subtraction
taught in France. With those, the decompositioeshased on the decimal system without allowing
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however the representation of the carry over phemamThédnstrumental distancéom the expert
technique is thus fewer with the second technibaa tith the first one.

To oblige pupils to use the second technique, iiteisessary to exceed the domain of the numeric
competence of the pupils in situations of subtoasti The pupils have already met the situations of
subtractions on small numbers by counting for examith the help of their fingers (technique of
the “countdown” or the complement for example). Sdéechniques are not anymore adapted if we
propose higher numbers. It's a typical use of treept of didactical variable in TDS.

The problem 1 (see appendices) is explicitly a lemobin an euros context. Nevertheless, we think
that it is more easily resolved with the abacusravorld. The problem 2 is a problem in a totally
different context (problem with trains) playing Withe same didactic variables. The succession of
both problems would allow pupils to realize that #xpert technique is the most effective (in term
of time and automatization of the resolution) vitie numbers provided.

The work in both microworlds allows to supply ahec “milieu”, especially as regards to the
feedbacks. Indeed, to resolve the same subtraetitin the same numerical values in both
microworlds is going to lead pupils to make comgams. The comparisons constitute a new
feedback by itself.

Scenario: general structure

Thus, also regarding to the local constraints dred teacher of the class, we have prepared 3
sessions about 30 to 45 min. each: 2 for discogesfreach of microworlds and 1 final session for
the aimed problem. Each of them are led by a reBeaof our team and only 5 students (supposed
to not have too much difficulties) chosen by thectesr have participated to the experiment.

The first 2 sessions are structured in the samebaagd on theoretical considerations:

- presence of a phase of familiarization of 2 micrdd®which is not exclusively centred on the
features but embarks mathematical knowledge. Téieumental approach leads us to mix both
the mathematical knowledge and some elements ofingteumentalisation process. During
these phases of familiarization, feedbacks aremalitin evidence to insure the pupils identify
them.

- devolution of one or two simple situations moreless similar to the one of the phase of
familiarization and individual work of the pupil$he pupils confront with feedbacks to resolve
the situations.

- formulation and explanation by the pupils of th&iutions, this collective elaboration of the
solutions allows to homogenize the knowledge (instinalisation) and the personal geneses.
Being aware of the fact that the duration of arrumeental genesis is necessarily longer than
this micro-experimentation, we tried to accelettéie process of instrumental genesis at every
stage of the experiment.

- paper documents with screenshots (see appendices® wistributed to illustrate the
instrumented techniques

- sometimes, the situations proposed to the pupdsired mathematical adaptations (notably
more stages) with regard to the mathematically Engituations given in the phases of
familiarization.

- avocabulary specific and adapted to the pupilsimaented to indicate the various components
of the microworlds: “distributor”, “ brown table*counter”, etc.

- the collaboration between students has been fawtz permit to find solutions in a reasonable
amount of time and motivate discussions on thefit strategies used by pupils.
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The sessions: session 1
Familiarisation with the euros microworld

a)
b)
c)
d)

e)

The teacher distributes the document 1 (see appes)di

He shows how to exchange a 100€, exactly as oddbement distributed to the pupils.

He explains the feedback when one makes a mistake.

He announces the task and distributes the shéet tompleted. Devolution of the situation,
research phase. Individual task: find 125-90

Every pupil reports on its solution. It is necegsty understand that there are several
solutions.The teacher points out that there are severalisnfuticcording to the pupils but
that the final result is always the same.

The sessions: session 2
Familiarisation with the Abaccus microworld

a)
b)
c)

d)
e)
f)
9)
h)

The teacher distributes the document 2.

He shows how to make 125 on the abacus.

He shows to remove 20 for example, or 25 but erdla@ problem he wants to remove 90
as when we had 125 euro. Reference to session 1.

He explains how to exchange hundred from 125 tddA&ns.

He stops explaining how to remove 90 - 125

Reference to the session 1

Individual task : 267— 78

The teacher annonce the result and make linkstivliirst session. The question of the best
microworld for a problem is posed.

The sessions: session 3

The third session is dedicated to the resolutionath problems (euro and train). The problems are
devolved to the pupils and the pupils are goingidéok alone and to choose the microworld which

they prefer. The pupils can consult documents idigied in the previous 2 sessions. The

subtraction to be made is in both cases 541 - 175.

A commun moment is led at the end to go towardsstitutionalization of the expert technique.

Partial conclusion
We didn't recall here what we have already wriitethe previous report about the collected data
and our first results as it is still a work in press.
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3.3.3 Appendix 1 : Notice of use and activity sheet  for session 1
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A

Pas assez «
billets sur e
table marron

A

Trop de billets
sur la table
marron
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Complete on the brown table so that the exchangessible:
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You have the following banknotes and you want tnsb90 euro. How do you do?
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3.3.4 Appendix 2: Notice of use and activity sheet  for session 2
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Use abacuses to make 267-78 and explain every yagawings below:

1 2
3 4
5 6
(@] 70
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3.3.5 Appendix 3 : problems 1 and 2 for the session 3

Problem 1:

| have 541 euro and | spend 175. How much doesriam me?
Explain how you do.

Problem 2:

There are 541 passengers in a train and 175 go.ddexmw many passengers does it stay in the
train? Explain how you do.
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3.4 Experimenting team 3. ETL-NKUA (Psycharis, G., Latsi, M., Gavrilis, K.,
Keisoglou, S.)

3.4.1 A priori (with respect to the experiment) que  stions aiming at collecting
information concerning the design of the experiment

General

What theoretical frame(s) do you use and what matad your choice? How do you see
their potential and eventually limitations for thiproject?

The main ideas behind the theoretical frameworlesl sy ETL refer to constructionism (Harel &
Papert, 1991), to sociocultural approaches (Crd®@4), to situateed abstraction (Noss et al
1997), to semiotic mediation, and instrumentalsa(Vygotksy 1997 , Mariotti 2002, Verillon &
Rabardel 1995, Artigue 2002)

This choice is motivated by our estimation thathbttteoretical frameworks seem to be bringing
into the foreground some basic for us issues irptbheess of learning and teaching: a) the role of
the social setting where the learning activityngegrated b) an active role for the students during
knowledge construction c) acknowledgement and tiy&son of the role of tools and
representations in the process of learning andhiegc

The potential of these frameworks is related withr estimation that they seem to provide a
different point of view —that of the tools and tlepresentations- in the learning process taking int
account the role of the social setting where thie@ss takes place.

The limitations entailed in the selection of a (foore) theoretical frameworks is that it focuses on
some aspects and leaves outside some other aspéloessubject under investigation. Those will
be better illustrated at the end of the experiment.

Analysis of AriLab tool

What forms of feedback are provided? How are sabmts validated and by whom (e.g. by
the tool itself, by a teacher, by peer- or selfidation?

Using the fractions’ microworld students get onhepomenological and arithmetic cues based on
Thales’ theorem. The feedback provided by the mvortd of the arilab “Fractions” is symbolic
and arithmetic, through the use of number halfe-nd the multiplication or partition half line. So
it's students’ responsibility to act, to choose tlght microworld - from those available, so as to
solve the problem at hand-, to experiment and lidate the results of their experimentation in the
microworld. Finally, they have to choose the repn¢ation that they think as right and appropriate
to be incorporated in their solution sheet. At eosel level students’ solution can be validated by
their co-students or by their teacher.

What is the “distance” between the objects and theans of manipulating provided by the
tool and those used in paper-and-pencil based waithin the target domain?

The ‘fraction’ microworld gives students the chamaexplore rational numbers interacting with a
graphical representation model based on Thalegréime. Students can build fractions on the
number half-line and make operations with fractismsking with lengths selected on the number
half-line. The symbolic — fractional notation, whi¢s given automatically, is interwoven with a
kinesthetic approach of the graphical represemtatio
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Although the graphical representation could be peced easily in paper and pencil didactical
situations, the microworld gives students the chacexperiment easily with it, to have a more
clear, accurate and attractive graphical representavhich is easily modified and manipulated.
Moreover, one of its great advantages is that mneats the graphical and kinesthetic with the
automatic mathematical notation. As a result thstéghce’ between the objects and the means of
manipulation provided by the microworld and thosediin paper-and-pencil based work within
the target domain could be considered important.

Design of the Teaching Experiment
- Describe briefly the key ideas of your experiment ethen answer to the following questions

What are the precise aims of your experiment ané tjuestions you want to focus on?

The aim is to use Arilab so as to teach fractions amdnvestigate this mathematical notion.
Interest will be focused on the meanings generaedstructured by the interplay between learners’
actions, available tools / representations andiéie8 designed.
- What kind of meanings will be constructed by studem relation to fractions?

How the software will be appropriated by studemtd ahich features of it will be catalytic

in the construction of meanings?

How the representations of fractions supported Hgy doftware might be involved in the

generation of student meanings

What is the type of research that you follow (eciassroom based, case studies) and how is
this related to the kind of your research focus;

Our research is informed by the socio-cultural thgoal perspective, which emphasizes the
importance of culturally situated and socially slthactivity, of discourse and of mediational means
for learning. Within this framework we take the eggch that the potential use of the technological
tools is tightly related to the ways these willdfeped by practitioners in their respective rotes i
the school system. The type of research that Wenfas mainly classroom based. The classroom
activities are perceived as innovative for the ectovolved since they consist of small group
project work based on the use of exploratory saftwan accordance with the socio-cultural
perspective we are looking at meaning making asracess of interaction between people
participating in communities and cultures. The ®otfi our research far from the typical classroom
practice includes also the potential transformatignthe use of ICT. This methodological tenet
translates in:

(a) inducing the transformation that we wish to obseéhreugh pedagogical intervention;

(b) focusing our analysis on conceptually significagérhing instances and patterns that

illuminate what the activity could be shaped todiee.

Which characteristics of the activities and tasks gou think they support the generation of
meanings in a constructionist or experimental orezvplayful way?

T he designed activities would take the scenanmfahich constitutes the basis of the method and
strategy analysis according to which our team psepdo apply the educational activities in the
classroom but also of the structure of collaboraionong different groups (the classroom as a
whole, small groups of pupils in the same classrammin different ones). According to our
experience the characteristics of the activitieg they support the generation of meanings stem
from the utilization of the different representasoand the feedback that they can provide so as to
provoke children:
(a) to work in open-ended exploratory tasks withougkranswers
(b) to collaborate with other groups for a common goal.
o
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(c) to communicate with other pupil’s work.

How do you capture/analyse the role of the toolspaopils problem solving processes or
solutions?

Gaining entry to observe in the classroom wouldobsed on a relationship of mutual trust and
interest that we have cultivated with specific slean the course of a long term collaboration in

research projects. For gaining detailed accessuppl'® work the team has developed a data
collection scheme recording classroom activitieshay happen in real time. In the classroom we
will set a video-camera and one microphone on aoemof students who would be our focus

(focus group), occasionally moving the camera fwa other significant instances as they occurre
in other groups’ work. Concurrently with the videzeordings, we should take notes describing the
overall classroom atmosphere and focusing on patgnsignificant details that may capture our

attention in teacher practice, student groupworkstadent communication.

The analysis will include the transcription of wvideecorded observational data as well as the
sorting and archiving of the corpus of pupil’'s woRor the analysis we adopt a generative stance
(Goetz and LeCompte, 1984) allowing for the datashape the structure of the results and the
clarification of the research issues. In our anajyse will identify critical episodes, i.e. moment

in time which have particular and characteristiarivg on the pupil’s interaction with the available
tools accompanied with the constructed mathematiesdnings. We will use these as the main
means of presenting and discussing the data, takiegaccount that even though they do not
represent some quantifiable entity, each one wdadchosen to represent clearly the kind of
activity that was going on in that classroom.

3.4.2 A posteriori (with respect to the experiment) guestions aiming at
individuating, collecting and gathering the results of the experiment.

In the context of ETL'’s participation in the comm®E&LMA project of cross-experimentation our
team has chosen AriLab2. The approach of ETL wadetign tasks aiming to facilitate pupil's
interactions between the intuitive, the formal dine procedural aspects of mathematical concepts
within the conceptual field of fractions in procesf engaging in meaningful activities. Our task
design was thus centered on titdization of the different representations and feedback that
they can provide so as to provoke multiple decsiamthin open-ended exploratory tasks
concerning the equivalence and the ordering otitras as well as operations with fractions. The
idea was that instead of seeing the numbers omehleline as static measures corresponding to
specific points to include them in a context of motin the space. This was achieved by
interpreting the feedback concerning the positibfiactions on the line as feedback concerning the
representation of a distance in an everyday confieh@ above choices led to a set of activities
based on integrating the kinesthetic aspects ofrdpeesentation of division with pupils moving
(‘walking’) on the real line to reach authenticq#a (e.g. their homes, their schools, a playgroand,
supermarket etc.).

Is there any difference in the answers that you gasluring the a priori analysis at the
following questions?

We will try to answer this question having in miadsimilar one: “If we were to design a new
experiment in the future aiming at the same mathiealaducational goal and employing AriLab2,
which would be the necessary conditions for the eerpent to be successful?” The
conceptualisation of AriLab2 by our team was clpsellated -and thus limited- both to the task
design and the theoretical origins underlying asearch approach. After the experiment it is clear
O 74
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that we have formed a more elaborated view abaatlied value as well as the limitation of the
educational exploitation of the representationsfandtionalities provided by AriLab2.

As far as the methodology of the research duarie &nd other constrains we adopted a case study
approach. However, interaction with mathematicgresentations is not by itself sufficient for
effective learning. Students need to make sensleeaf experience of manipulating representations
in the context of social interaction. In retrospeet think that the choice of conducting case studie
deprived our experiment of the more fruitful sodrgkeractions that could have taken place in the
context of classroom related to the interpretatibthe phenomena observed on the screen not only
within the teams but also among the teams. It cbalgut forward that under teachers’ guidance in
the context of a classroom pupils’ experiences ddwa better consolidated and unified and that the
inevitable gap between mathematical meanings relatdractions and computer phenomenology
could be further exploited.

As far as the general design of the experimentvould keep the same main directions, namely the
tool's characteristics, typologies of activitiesdaeducational strategies. However, gaining the
experience of the micro-experiment we could elaleona a different way some of the parameters
related to the above parts of the research. Moeeifsgally, the multiple ways by which the
software supported the geometrical representaticinactions as parts of the number line could
further challenge the assumptions about what avd ¢en be ‘normally’ taught in the primary
school. Although we used experimentation and egpion to acquaint students with the ordering of
fractions in the number-line —a representation exgl in greek primary school curriculum, though
considered as basic- we feel that we have bypakseaskploitation of other kinds of representations
available in AriLab2. For instance, we could haveused more on the construction of fractions in
relation to the geometrical representation basedilaie’s theorem of dividing certain parts of the
number-line in equal segments. Although Thale’sotbm is typically a theorem taught in an
abstract way in secondary education, we think ti way it is related to fractions and
‘concretised’ by AriLab2 makes it accessible by yger students even though in a more intuitive
and informal way.

What forms of feedback are provided? How are sadut validated and by whom (e.g. by
the tool itself, by a teacher, by peer- or selfidation?

Before answering the question we shall note thatrtile of feedback is central to the ETL’s
approach in exploiting computational environmenithvintegrated multiple representations and
functionalities for the teaching and learning ofth@amatics. The choice of AriLab2 was partly
based on the experience of ETL team in the designiraplementation of a series of microworlds
that combine symbolic expression of mathematicktiomships with dynamic manipulation of
graphics. Given this experience, the NKUA team sedinot to focus on mere execution of
computational techniques but on the connectionsemad the students between mathematical
situations they are dealing with and the ways incvtihey use the available representations to
construct meanings for them.

In the Fraction microworld the provided feedbacknbines arithmetic as well as geometric
aspects of the notion of fraction represented bygusvo half number lines: one horizontal and
one slanted (called multiplication or partition rien line). More specifically, the construction of
a fraction is realized as a quotient of a divisitme divider and divisor are selected from the
horizontal and the slanted lines respectively. Tdréhmetic notation of each fraction is

automatically given near its representing point tie line. In AriLab2 there’s a thus a

simultaneous representation of fraction as quqtieasuring number (point on the number line)
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and operator. Another geometrical feature of thetfons in the Ari-Lab2 concerns its vector-like
representation of the respective segment on thedmal line.

Other features of Ari-Lab2 like the labels’ butttmr representing the number corresponding to a
defined fraction and the ability to change the sfzehe unit on both lines, are important for the
visual imagery and manipulative aspects of the.tdely elements in the available representation
are:

- the representation of fraction as a point onniin@ber line.

- the possibility to modify dynamically the unit mfeasure of the two half-lines.

- the association of a post-it to every point carged on the two half lines. In every post it the
system automatically inserts the symbolic expressieelated to the construction of the point
performed by the user interacting with the micraaor

The feedback provided by Ari-Lab does not validatedent’s actions. Neither does it signal
mistakes, nor does it give definite answers. Tedlback given to students comes as a result of their
interaction with the representations and the matétiead content integrated in the ‘Fraction
Microworld’. In our experiment students’ actiongdahe solutions suggested in relation to the task
that they carried out were validated at many levels

self-validation after testing their conjectures ahgpotheses with the graphical and
arithmetical representations provided by the saiwa

validation of the answers reached by pen and pestig the microworld and vice versa
peer-validation after discussion and argumentation

teacher-researcher validation (although an eff@as$ wade to restrict this kind of validation
as much as possible)

The data analysis revealed that most of the pugdEsions concerning the role of feedback came
as a result of peer-validation and discussion antbegnembers of each team. This finding seems
to be mainly related to the open-ended nature etdkks which were designed to leave space for
multiple choices. In this context AriLab2 was exf#d as a ‘tool to think with’ and as a field of
experimentation, testing and exploration.

What is the “distance” between the objects and theans of manipulating provided by the
tool and those used in paper-and-pencil based waithin the target domain?

AriLab offers new kinds of access to the statiaespntations of fractions in a number-line as well
as new kinds of dynamically connected represemtatiin the ‘Fraction microworld’ students can
build fractions on the number half-line and makeragions with fractions working with lengths
selected on the number half-line. Although the bregd representation of fractions can be produced
easily in paper and pencil didactical situatiohsg, ticroworld gives students a more clear, accurate
and attractive graphical representation of fradiproviding also the chance to connect it with with
the correspondent mathematical notation as wetbawodify and and manipulate it easily. As a
result the ‘distance’ between the objects and thama of manipulation provided by the microworld
and those used in paper-and-pencil based work rwithe target domain could be considered
important.

Our team deeply explored the different objects tedassociated representations, possible actions
on these objects and some evaluation of the ‘distabetween these objects and representations
and those unfamiliar to pupils due to curriculanstoaints. For example, the interpretation of a
fraction within part-whole relations is the firgtchprobably the most dominant facet of the concept
- 76
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presented to students at the primary level. Dughw efficiency in arithmetic operations the
mathematics curriculum provides a mechanistic udraxtions in calculations which leaves
obscure all the other aspects of the concept espettiose concerning fraction as division as well
as the ordering of fractions on the real line. Aesult students learn to manipulate fractions in
calculation tasks at a typical level, without urslanding the connections between their different
representations.

Our analysis revealed indications that this kinddagdtance’ between the “curriculum mathematics”
and those embedded in computational environmehts AriLab can be bridged with pupils’
intuitions in a context of experimentation and exation. For instance, a group of pupils in our
experiment constructed meanings related to themnat infinity of rational numbers and numbers’
continuity on the number line which are consideapdtract and they are normally taught at the
secondary level. Using the tool a group of pupglalized for the first time (although not so clear)
that several numbers exist between 6/4 and 7/4.

537. R Good. Can it be here? [She points tedgenent between 6/4 and 7/4.
538. S1 Yes.

539. R Where s it? [The kids point at the &2 4 different places after 6/4.]
540. S2 There can be more...

541. R How many?

543. S2 Too many!

544. R 1000 maybe?

549. S1 ...More than that.

Excerpt 1. Pupils’ using AriLab2 to construct mewnfor the infinity of numbers.

How do you capture/analyse the role of the tools papils problem solving processes or
solutions?

Espousing an instrumental approach on the way weicelanalyse the tool we believe that a tool dugxist in itself. In contrast, it evolves as an
instrument in the perspective of its utilisation ibgividual or social groups in the context of sfieactivities and for specific purposes. It folle
that the role of AriLab2 is interwoven with the smoathematical norms of greek primary schools, dbtvities that children carried out and the
utilisation schemes they developed.

Due to the time needed for a class to get usedrid@b® research team preferred a case study
instead of a classroom based research. The migrerexent took place at the computer laboratory
of the school. We choose 4 students, two boyswaodyirls divided in two working groups (G1 and
G2) consisted of one boy and one girl each. Eaaghgbastudents was assigned to one computer.
They were asked to collaborate in the solving efdiven problems, to express their ideas aloud, to
assist each other in understanding what they weirggdand to take as much time as they needed.
The researchers intervened as less as possibiegagkestions to promote discussion while not
giving definite answers. In the classroom we setideo-camera on one group of students
occasionally moving it to capture other significamétances as they occurred in the other groups’
work which was captured by the use of a tape-résgrdData collection included verbatim
transcription of video recordings of our focus grqi2) and transcripts of protocols of the other
group (G1). Concurrently with the video-recordingise researchers took notes describing the
overall atmosphere and focusing on potentially ificant details that captured their attention in
student groupwork and communication.

For the analysis we adopted a generative stancetZ@md LeCompte, 1984) allowing for the data
to shape the structure of the results and thefickation of the research issues. The identifieticai
episodes can be defined as moments in time whiel particular and characteristic bearing on the
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pupil’s interaction with the available tools accanped with the constructed mathematical
meanings. In future, we will use these episodab@snain means of presenting and discussing the
data, taking into account that even though theyatorepresent some quantifiable entity, each one
would be chosen to represent clearly the kind o¥igg that was going on in that classroom.

Do users also use other modes of representation provided by the tool itself (e.g. paper-
and-pencil representations, calculator)? What arbese and what does their function
appear to be? How do these modes of representatdate to those provided by the tool?

Several times during the experiment students reduto paper and pencil in order to solve the
problems. Analyzing the collected data we iderdifi@ episodes showing that students of both
groups (G1, G2) had used and other modes of rapgetsms, except those provided by the tool.
The following table presents the number of ‘pap®i-pencil’ episodes for each group and each
activity respectively.

1% activity | 2%activity | 3% activity | 4" activity | 5" activity | 6"activity | Total

Gl 3 0 0 0 0 1 4
G2 1 0 1 0 1 2 5
Total 4 0 1 0 1 3 9

Table 1: Number of ‘paper-and-pencil’ episodesamivity and group.

The 9 episodes have been divided in 3 differerggmaies concerning their function as alternativ@bjem solving strategies performed by students:

Category 1:Working with integers (4 episodes).

Category 2:Doing arithmetic operations (like addition, subtiac and reduction of fractions) (3
episodes).

Category 3:Making drawings (2 episodes).

The episodes included in category 1 concerned gnaopil’'s attempts to convert fractions to
integers, so that they could be more easily maatpdl Since our tasks had to do with kilometers

and students tried to convert kilometer into segmémeters) by multiplying with 1000 without
thinking of the kilometer as a unit that could Id&akd into fractions (Figure 1).

Figure 1: Students convert fractions to kilometersrder to solve the first problem.
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Additionally, due to certain representations andcfanalities of AriLab2 both groups seemed to
prefer the use of pen and paper in order to hazegbult of an operation (Figure 2) in the fornaof
new fraction (e.g. 1/3+1/2 = 5/6) (Category 2) sikriLab2 provides only a label including only
the first part of a calculation (e.g. 1/3+1/2).

Figure 2. Students making calculations with pamel gencil.

The episodes of the category 3 indicate that thevithgs made by students were used as means of
conceptualization and visualization of the problefiitse following example (Figure 3) is presented
as an indicative example of the way drawings weedlby the groups of students in their efforts to
conceptualize certain aspects of the tasks. Incdse pupils decided to make their own number line
on the paper with more information concerning thebfem situation. We observed that this kind of
episodes appeared only at the beginning of theosggperiment (specifically, during the activity 1

in the group G2), so it may be reasonable to asghateat that time students were trying to bridge
the representation of fractions in AriLab2 with itheonceptualisation of the given tasks. At later
phases of their exploration these pupils seeméattes only on the number line on the screen.

Figure 3: The ‘number line’ as an iconic represeéataincluding topological information (design afteol,
home and pupil’'s comments).
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In your opinion, in which ways do your theoreticahoices have influenced:
a. the analysis of the software and the identifimat of its didactic functionalities
(software features, educational aims, modalities @&mployment including the
configuration of the software)?
b. the conception of the experiment?
c. the choices of the data and their analysis?
d. the results you obtain and the conclusions yaaw from these?
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4 E-slate microworlds

4.1 Developer's team: ETL-NKUA  (Psycharis, G., Latsi, M., Gavrilis, K.,
Keisoglou, S.)
- Brief description of the instrument, explainingkey ideas

- Indicate the theoretical framework employed to giesind implement the software

ICT systems used by NKUA team are E-slate microsrlE-slate is a construction kit for
educational software, addressing both technical aod-technical users. It is made up of
components, which are pieces of software desigodaetas generic as possible, a custom made
desktop environment providing services for congitomg layout and use, and two distinct ways of
connecting components, that is, either using prefated connections or defining your own
through a programming language. The'Sliders' miortthis based on a script to define functional
relationships between the values of slider buttons.

The design and use of such technological envirohnmewe been highly influenced by the
constructionism and socioconstructivism paradigmgarticular, there are three central points to e-
slate design rationale:
- User empowerment by building educational softwaremugh authoring in component
environments,
Socially- grounded approach to the building of usmmunities which is seen as part and
parcel of the strategy fro the development andoisemponent environments,
Long-term sustainability, as crucial for the compenmovement to progress, but also as
constituting its real strength in relation to stalothe technologies for computational media.

A special attention is also placed on how the use the affordances of artefacts interact with

students' mathematizations in problem situationgeal classroom settings. The NKUA team

studies the ways students use representations poesx mathematical meaning in E-slate

microworlds. In order to understand student meag@geration the team has found the constructs
of 'situated abstractions' (Noss and Hoyles, 129%) classroom norms (Cobb & Yackel, 1996)

useful tools.
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4.2 Experimenting team 1. UNILON (Morgan, C.)

4.2.1 A priori (with respect to the experiment) que  stions aiming at collecting
information concerning the design of the experiment

General

What theoretical frame(s) do you use and what matad your choice? How do you see
their potential and eventually limitations for thiproject?

The focus of our research is shaped by a sociow@lland social semiotic theoretical framework.
This assumes that the meanings available to paafits in a particular activity or setting are
structured by the semiotic resources availablebgnithe contexts of situation and of culture.

In studying teachers’ and students’ use of thedeStool in the classroom we are interested to see
how the new semiotic resources available to thesoteom participants are taken up and coordinated
with other, more familiar, means of representat®pecifically, we have been looking at the ways
in which the ‘slider’ representation of fraction énployed through physical manipulation and
through oral and written means of communication.

Analysis of Aplusix tool

What forms of feedback are provided? How are sabmts validated and by whom (e.g. by
the tool itself, by a teacher, by peer- or selfidation?

What is the “distance” between the objects and theans of manipulating provided by the
tool and those used in paper-and-pencil based werthin the target domain?

Design of the Teaching Experiménbte: this has been answered a-posteriori)

Describe briefly the key ideas of your experimamd ¢hen answer to the following questions
- The tasks given to students included:

- deciding which of two fractions was the larger

- finding a fraction between two given fractions

- making an estimate of the decimal representaticamfodiction
- deciding whether a fraction is closer to % or to %

- explaining methods for achieving the above taskkjastifying answers

Use of the microworld was introduced by each teaehehe beginning of each lesson using an
interactive whiteboard to demonstrate/ remind thedents how to use the microworld and to
discuss with the class the kinds of reasoningriight be relevant to the tasks. Students were then
set tasks on paper-based worksheets. The strustulese worksheets differed between the two
teachers. Teacher A set a number of repetitivelictired tasks (e.g. 15 examples of the type “Find
a fraction between x and y”), while teacher B sstraller number of more substantial but varied
tasks. The pedagogy in classroom A was more stydrgined: the teacher controlled the pacing of
the lessons, introducing one type of task at a ame reviewing the answers with the whole class.
Students in the classroom B were allowed more iedéence to move from task to task at their
own pace and to evaluate their own outcomes; d t#ieew at the end of each lesson addressed
general outcomes and strategies rather than spaoswers.
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In both cases, tasks were presented to the stumtetntglitional forms, using familiar notations but
with the instruction to “use the sliders to find ...”

What are the precise aims of your experiment aedjtiestions you want to focus ofridte: this
has been answered a-posteriori)

The learning objectives decided by the teacherslved in the experiment were related to
developing students’ understanding of the relasizes of fractions (initially focusing on fractions
less than 1).

What is the type of research that you follow (elgssroom based, case srudies) and how is this
related to the kind of your research foc{mgte: this has been answered a-posteriori)

We used classroom-based research, studying twgedas different schools. In school A, the
students were in Year 7 (11-12 years) in a ‘mixbiitg’ class; in school B they were in Year 8
(12-13 years). In school A, a single lesson witfiear 8 group of above average attaining students
was also observed using the microworld but complata was not collected for this class.

The two teachers involved in the experiment arehbstudents on the Masters course in
Mathematics Education at IoE. They were fully awafethe aims of the research and took
responsibility for the planning of the lessons #mel collection of data. They will also be invited t
respond to a presentation of the initial analysislata. The learning objectives were decided in
discussion with these teachers and they workedhegéo adapt the microworld to their needs and
to decide the general type of activity that theyidmoffer to their students.

However, the two teachers have rather differenthieg styles, resulting in differences in the
specific form of pedagogy in the two classrooms dascribed above). Their two schools also
integrate technology in rather different ways: ¢h®ol A all students have their own laptops which
are carried to all lessons and used as needeke ischool B, special arrangements had to be made
to take the class to a computer room where thekeebin pairs.

We consider these two classrooms to be case stagethey are expected to yield different results.
The pedagogy as well as the student activity velisbibject to analysis, focusing on teacher use of
the tool and the means of representation thaferaf

Which characteristics of the activities and tasks you think they support the generation of
meanings in a constructionist or experimental @nepayful way?
How do you capture/analyse the role of the toolsupils problem solving processes or solutions?

4.2.2 A posteriori (with respect to the experiment) guestions aiming at
individuating, collecting and gathering the results of the experiment.

Is there any difference in the answers that you gasluring the a priori analysis at the
following questions?

What forms of feedback are provided? How are sadmt$ validated and by whom (e.g. by
the tool itself, by a teacher, by peer- or selfidation?

What is the “distance” between the objects and theans of manipulating provided by the
tool and those used in paper-and-pencil based warthin the target domain?
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How do you capture/analyse the role of the tools papils problem solving processes or
solutions?

The data collected includes:

Students’ written responses to a pre-task.

Lesson plans for each of the lessons in which ¢oé is to be used, including descriptions of
activities both using the microworld and using otfesources.

Copies of paper-based resources used in each lesson

Students’ written work produced during each ofléssons.

Audio/video recordings of some teacher-studentsindent-student interaction.

Teachers’ notes, reflecting on the experimentaldas and their outcomes (not yet collected).

Analysis will identify the forms of representation fractions and relationships between fractions
employed by teachers and by students. The strategied by students to solve set tasks will be
categorized. A characterization of the represematand strategies present in each classroom will
be constructed and we will seek relationships betwbem.

Do users also use other modes of representatiopnootded by the tool itself (e.g. paper-and-
pencil representations, calculator)? What are theskewhat does their function appear to be? How
do these modes of representation relate to thaseded by the tool?

In your opinion, in which ways do your theoreticahoices have influenced:

a. the analysis of the software and the identificat of its didactic functionalities (software
features, educational aims, modalities of employrhémcluding the configuration of the
software)?

b. the conception of the experiment?
c. the choices of the data and their analysis?

d. the results you obtain and the conclusions yaaw from these?

Our social semiotic perspective leads us to focastle sign systems and meaning potential
available within the learning context. Introduciaghew semiotic tool into a classroom introduces
new meaning potentials afforded by the tool andiggpants’ interactions with it. This introduction
cannot be considered in isolation but can only he&eustood in relation to other resources within
the immediate situation and the wider cultural eanht

In conducting the cross experimentation, this pestpe leads us to reject a conventional
‘scientific’ approach to experimentation that woaltempt to define and control all the variables in
the situation. This is partly because we believehsan approach, in its pure form, to be
fundamentally impossible in research in the soetances (though approximations to it can yield
useful results). More positively, we consider thtaidying a situation while taking into account and
analysing both the immediate context and the dsseemesources that participants bring with them
from the context of culture yields insight into fhcesses and complexities of meaning making.
The experiment was thus conceived in collaboratvgh two teacher-researchers at two levels. At
the first level, each of the teachers worked withirt own class to investigate the use made by
students of the tool and the representations dr@dfd. At the second level, the data collected in
both teachers’ classrooms provide opportunitiesotosider how the different contexts of situation
and of culture may affect the types of meaningsstrasted by both students and teachers while
using the same tool with broadly similar didactiaictionalities.
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Analysis of the software and the identificatiordadactical functionalities

The E-Slate software provides a variety of typesashponents that can be linked and manipulated
by users. In the context of this experimentation haee made use of a small microworld, built
within E-Slate, provided by the developers. Thignmivorld includes ‘sliders’ whose behaviour is
governed by a set of Logo procedures. These proesdink the values displayed on dependent
sliders to the value of the control slidéThere are also Cartesian graph components whigagi
plots of the values displayed on each of the depainsliders against the value of the control slider
While this microworld could in principle be used @aplore a wide range of types of functional
relationship, for the purposes of the cross-expemiation it was decided to focus only on
multiplicative relationships between the contradlest value and the values of the dependent sliders,
using these specifically to address the area ofifnas.

Features of the software

Our analysis of the features of the software fosuse the semiotic resources it provides and the
meaning potential offered by these resources. Aifsignt characteristic of the microworld (and
even more so of E-Slate itself) is its multi-sentsigtature. In other words, it makes use of several
different semiotic systems, specifically:

Linguistic and symbolic (algebraic and numericghtems in the context of the Logo procedures;
The slider components (these could themselves bsidered multi-semiotic as the sliders can be
labelled with numbers);

Cartesian graphs.

Additionally, the E-Slate environment makes use of:

Linguistic resources in menus;

Linguistic, numerical and iconic (in the form ofextk boxes) systems in control panels for settings
of the components;

Icons for selecting components;

Other graphic features such as colour, font siasponent size.

It is the first three systems listed above thatg® the most obvious potential for mathematical
meaning and it is primarily these that our analydislidactic functionalities takes into account. In
accordance with Halliday’s social semiotic approagiplied to a multi-semiotic t€Xt(O'Halloran,
2005), we wish to consider the ideational, intespaal and textual aspects of the microworld as a
whole. We achieve this by analysing each of theeghmain systems first and then considering the
relationships between them. The questions we useteorogate the text are adapted from those
posed in more general terms in Morgan (2006):

What is a fraction as it is represented in thigZex

What other mathematical objects are present?

What relationships are there between fractionsatiner mathematical objects?

What processes are represented in the text andwivbat are the actors in these processes?

What forms of causality are represented?

What role is there for human agency?

4 The termcontrol slideremerged at the development stage of the experitientas the team struggled to make sense
of the tool. An alternative ternbase sliderwas also used at early stages of the procesgdsuhot used by the time the
classroom work started. This was not a deliberaeistbn but has to be considered significant far tay the
relationships between sliders and their behavioerewepresented in the classroom. The teaseis used in other
mathematical contexts (for example, exponentiattions, vector geometry) to indicate the roles treatous parts of a
structure play in relation to one another and @ d$kructure as a whole; its use thus focuses ormgt&ematical
relationship between the sliders. The texomtrol, on the other hand, does not come from mathenhatiseourse but
might be construed as a link with discourses oéotipes of computer applications, for example, iggmt focuses on
the activity of the user and the physical, visuad éechnical aspects of the microworld rather thiarthe mathematical
relationships.
> We consider the microworld as a ‘text’ in the seo$ a socially coherent unit of communication (ged Kress,
1988)
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What roles or identities are available for the de@ (or ‘user’)? What relationship does s/he have
to the author of the text and to the mathematipeesented in it?

The analysis of the text cannot be undertaken cetelyl abstracted from the context of its use, as
the meanings readers/users make from a text agyslmediated by the resources they bring with
them. When analysing a priori we take into accatlvet resources commonly available within
discourses of school mathematics (as experiencethdytarget group of students in the lower
secondary school in England) but remain awareithattactice other discursive resources, including
those of everyday practices (e.g. computer ganmrag) come into play.

Exemplification of analysis of software features

Educational goals

The choice of fractions as the subject domain hedritial adaptation of the microworld to address
this domain was undertaken, with the help of theetiging team, in order to fit with the general
mathematical theme of the TELMA cross-experimeatatiThe identification of more specific
educational goals was undertaken in collaboratidth whe teacher-researchers during joint
exploration of the software to determine its fuocing and its potential for classroom use. We were
constrained by the expectations of the NationalriCuium (DfEE, 1999) and the National
Framework for Teaching Mathematics (DfES, 2001}hese are implemented in the two schools
involved (though there are differences between @shim the ways they interpret the strictures of
these documents). The novel representation ofidrestoffered by the sliders, especially the
possibilities for dynamic linking of multiple frdohs, led us to focus on students’ developing
understandings of comparative sizes of fractionsterms of curricular learning objectives, the
teacher-researchers adapted the software and dddiggson plans and supplementary resources to
enable students to:

Compare the sizes of fractions (less than 1);

Arrange fractions in order of size;

Understand the effects of changing the numeratdtoamenominator of a fraction;

Predict a fraction that will lie between two givigactions.

The multi-semiotic nature of the software with algernative representations of fraction raised the
guestion of how students would make connectionwdst the different representations. We were
particularly interested in connections with morenaentional symbolic representations of fraction
in numerator/denominator form. The open and coostel nature of the software would allow
students to explore and address problems usidgatréherror validated by visual inspection of the
outcomes of experimentation but we hypothesised th& links between the symbolic
representation of fraction required to change thmeters of the Logo procedure and the visual
representation provided by the sliders would lemaahéw kinds of understanding of the symbolic
form and a learning trajectory from trial and erf@symbolic reasoning. By expanding the semiotic
resources available to students to make sensedidns, the potential meanings they may make
are also transformed.

Modalities of employment

As we said at the beginning, our theoretical framdweads us to study ‘naturalistic’ situations,
taking account of contextual issues at the poirargdlysis. For this reason, although the teacher-
researchers involved were informed of the aimshef $tudy and had full access to TELMA
documents, including those related to theoreticainéworks, their planning was not explicitly
informed by these (except to the extent that thedtaim of the experimentation was to investigate
students’ representations of fraction and the whgy made use of these while working with the
software). Of course, this is not to say that tlgysvthey made use of the software, incorporating it
into their lessons, was not theoretically informBdth teacher-researchers are students on the MA
course in Mathematics Education at the Institut&adication and have been introduced to theories
of learning during their course. In particular, ieaately prior to joining the project, both had bee
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studying a course module on New Technologies inktaiatics Education, during which they were
introduced to constructionism.

Any evidence of this influencing their planning?

In addition, the ways in which the teacher-reseaixiplanned and taught was strongly influenced
by the implicit theories of learning embodied ire thiscourse of the National Curriculum and
official guidance for teachers and by the more llatscourses of teaching and learning current in
their various schools, departments, professionab@ations etc. as well as by everyday non-
specialised discourses. As practitioner researchbes teachers were engaged in research but
simultaneously engaged in their professional raetemchers. Where they used resources from
discourses of research, including those of themakframeworks, these were thus recontextualised
(Bernstein, 1996), acquiring new types of meaniaghey were put to new purposes within the
practice of teaching. This may be illustrated by fact that, although the two teacher-researchers
discussed the software, the aims of the reseanehlearning objectives for the students and the
sorts of task students might do and were providéd similar guidelines for the conduct of the
experiment, the implemented modes of employment digdificant differences. Some of these
differences were clearly due to organisationalpwesing and cultural differences between the two
schools. Others may be traceable to differencehénretical orientation on the part of the two
teachers.

Examples to illustrate different modes of employtmen

Teacher 1 Teacher 2

All  students worked with
individual laptops which the
carried with them throughot
the school day, using them
required in any curriculum are
and for recreational purposes

Student-computer
configuration

Students worked in pairs in
ycomputer laboratory, not thei
itusual classroom. Some pal
akad two computers, son
ahared a single computer.

Whole class introduction andPrepared a PowerPointJsed the software only, posing
review — both teachers used [goresentation as an introductipgquestions orally
interactive  whiteboard tpto each lesson, including

introduce the software to th
whole class and to suppc

avritten questions and links
rthe software.

(0]

whole class discussion gt
various points during the
lessons.

ck
In

& he sliders were coloured bla
to hide the numerical scale. (|

—The numerical scale was visib
an the sliders.

Configuration of the software
during early stages of th

project, the teachers had used practice, many students in this
versions of the microworld class discovered how to change
with the numerical scale visible the colour of the slider,
or obscured. There was some revealing the numbers.)
discussion of the possibleSeparate microworlds wereStudents were given
differences for student meaning@rovided with the requiredinstructions for bringing up

construction in these twonumber of sliders for each taskdditional sliders as required.
modes. set.

Tasks were set by both teache&ets of repetitive tasks withA smaller number of unique
in the form of printed variation in the numbers,tasks, including some requiring

worksheets. requiring simple numerical arwritten reflection o]
(Elma 87
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\ | one word answers. | justification of answers. |

The conception of the experiment

The research aim of the experiment was to investitiee representations of fraction employed and
they ways in which they were used in the classrdomng lessons in which the E-Slate fractions
microworld was available. As was said above, th&s wonceived at two levels: for the teacher-
researchers, the focus of interest was on theseptations used by their students; for the unitersi
researcher, the focus was on representations ysedtlh students and the teachers themselves. The

ways in which the teachers adapted the softwareirgedrated it into their lessons was itself an
object of analysis.
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