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‘Lived resources' and mathematics teachers professnal development

Ghislaine Gueudet
CREAD, University of Brest

Abstract

The resources available for mathematics teachevspnaliferate. Traditional curriculum material is
complemented by online resources of several kisoftware, lesson plans, even classroom videos.
Each teacher can develop an individual websitejnenteachers associations propose digital
textbooks etc. These evolutions impact the desigh wse of resources, the articulation between
design and use; they position the teacher as groesi Studying these issues with a research point
of view requires a specific approach. | will preskare a documentational approach developed for
this purpose. | will illustrate the use of this amgch by case studies concerning, on the one hand,
individual teachers; on the other hand, teams achers involved in a teacher training program
using a distant platform.

1. Digital resources for mathematics teachers

The starting point of our study is the increasisg,lby mathematics teachers all other the world, of
digital resources. Many kinds of such resourcesaseglable: software (which can be specifically
designed for mathematics, like dynamic geometrytesys, or not, like spreadsheets); digital
textbooks; lessons plans; online exercises etachB¥a communicate via e-mail, they discuss on
forums. Schools develop Virtual Learning EnvironitsefVLE), were teachers upload files for their
students; the teacher-students out-of-class contatiom is more and more frequent.

While the digital means of communication and théinenresources are widely used, the actual
integration of software in class remains sparsd,fanfrom the institutional expectations (Kynigos
et al.2007). Understanding the reasons for these gapwdbe the wide use of online resources
and the sparse use of software, on the one hamdpée the institutional expectations and the
actual use on the other) is a challenge, for tsearch about technology integration. It requires to
take into account several factors, linked with gk@ssroom environment, with the institutional
context, and with the teachers professional knogdednd beliefs. Ruthven (2007) proposes to
consider five structuring features of the classropnactice, influencing the integration of
technology: working environment, resource systeatividy format, curriculum script, and time
economy. The “curriculum script” dimension in paular, describing “a loosely ordered model of
relevant goals and actions which serves to guide teaching” (Ruthven 2007 p. 61) belongs to
professional knowledge. More generally, the re@amlutions of technology integration research
position this issue within a wider professional elepment questioning, and indicate the need for
comprehensive studies (Gueudeal.2010).

The evolutions of the available resources leadetelbp new perspectives on their use by teachers.
Teachers download files on websites; they combeweral such files, associate them with texts

they composed themselves. In some cases, theseosiimps will be uploaded by the teacher on a

website, personal or shared with a group, an associ The teachers can not be positioned as
passive users of resources: they are designerbeaf teaching. Moreover, design and use are

strongly intertwined. Users can communicate withigigers, and their suggestions can be quickly
implemented.

Another important perspective evolution concermsitigdividual / collective articulation. The digital
means offer new possibilities of communication. cfeas in different schools can discuss on
forums. Even in the same school, the availabilitya &/LE facilitates the collaborative design of
lessons.



Some of the evolutions evoked above corresponceto phenomena, new technical possibilities
offered by the digital means. Nevertheless, mosthem are perspective evolutions; the digital
resources intervene as a lens, evidencing alreaidying facts. Even with traditional textbooks,
teachers are designers. Even without VLE, teacleemat work alone. The focus on digital
resources requires new research approaches, lag tpproaches do not only concern digital
resources. They have to encompass all the interactbetween teachers and various kinds of
resources.

| present in part 2 such a theoretical approaahdticumentational approach of didactics (Gueudet
& Trouche 2009). This approach, and its consequerase illustrated here by two case studies. The
first case study (part 3) concerns a single teaghdrher integration of technology. The second case
study (part 4) considers a teacher training proggnounded in the collaborative design of lessons,
using a distant platform.

2. Conceptualising resources and documents: a theoretical approach

The issue of digital resources for the teachingnathematics leads to connect several theoretical
perspectives, usually separated.

A conceptualisation of resources for mathematiashers has been elaborated by Adler (2000). Her
starting point was, in the context of South Afrieghere teachers complain about the lack of
elementary resources in many schools, to draw ttleateon on resources-in-use. She introduces a
holistic definition of resource, suggesting to thof resource as a verb: anything likely to re-seur
the teacher's practice. This definition encompassaerial resources, like the chalkboard; but also
socio-cultural resources. Alder shows in particutzat language, in the context of multilingual
classes, can constitute an important resourcénéomathematics teacher.

The focus on the interactions between teachersresmlrces is also central in the studies about
curriculum material (Remillard 2005). These studiessider only material resources, designed for
the teachers: textbooks, lesson plans, softwafbey identify adaptations by the teacher of the
curriculum material. These adaptations can be owsoof the teacher's preparation work; they can
also happen in class, as a consequence of intanaatiith the students (Remillard distinguishes the
“planned curriculum” from the “enacted curriculuml particular, they draw attention on the work
of teachers in-class and out-of-class. The teaghedify the curriculum material they use; but the
material also modifies the teachers practicedydpss the teachers choices and can yield evolutions
of the teachers professional knowledge. The reBeabout curriculum material introduces the
interactions between teachers and resources amportant component of teacher professional
development.

Studying digital resources also leads to consideearch about technology. The interactions with
technological tools, and their consequences forwkexge evolutions, have been extensively
studied in the case of students using various kafdftware, on computers or calculators. These
processes have been in particular conceptualizétinvhe instrumental approach (Guet al.
2005), grounded in cognitive ergonomics (Rabard#5). Rabardel distinguishes an artefact,
available for a given user, and an instrument, twhécdeveloped by the user, starting from this
artefact, in the course of his situated action.sEhdevelopment processes, the instrumental geneses,
are grounded, for a given subject, in the apprdpnaand the transformation of the artefact, for a
given class of situations, through a variety ofgesaontexts. Through this variety of contexts,
utilisation schemes of the artefact are constituedscheme(Vergnaud 1998) is an invariant
organization of the activity, which comprises inrtmaular rules of action, and is structured by
operational invariantdeveloped in the course of this targeted actiuityyarious contexts met for
the same class of situations, and which pilot tttevigy. This definition can be represented by the
equation: instrument = artefact+ scheme. This agralso distinguishes, within the instrumental
geneses, two intertwined processes, the procetsestrmmentationconstitution of the schemes of
utilization of the artefacts) and the processassifumentalisatior{by which the subject shapes the
artefacts); this deep dialectical relationship lestv instrumentation and instrumentalisation



constitutes the core of the instrumental geneses.

Combining these different theoretical references, mtroduced (Gueudet & Trouche 2009) a
distinction between available resources, and ameat, developed by the teacher in the course of
her interactions with these resources, for a golgective.

This perspective — the documentational approachsinslar to the instrumental approach. The
definition of a document can be represented byethetion: document = resources + scheme. The
corresponding development process is called a dentanonal genesis. The geneses are long-term
processes: schemes are developed across variotsxtsponencountered for a given class of
situation. A class of situation, for a teachem iset of professional activities with a similar alfor
example, “preparing and setting up the introductainfunctions”, “preparing and setting up
applications exercises in algebra” are classestadtns, that the teacher encounters in different
contexts (different classes, different years).

These geneses are naturally influenced by thdutisthal environment.

A set of resources A teacher

Instrumentation

Coprse of time
Same objective,

<
. Instrumentalisation
different contexts l '\
A document = resource¢s
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Institutional influenceg

Figure 1. A documentational genesis

This figure represents a dynamic process. The denuns not the outcome of a genesis: it is
always evolving, during the teacher's preparatouring the implementation in class etc. This
conceptualisation is not a simple application @& bhstrumental approach to the case of teachers.
The resources, as defined by Adler, exceed indemdrtefacts. Naturally all artefacts are resoyrces
but some resources, like a student's reactiofeomemory of a class discussion are not artefacts.
Resources intervene in all aspects of the teachwrk. What we call the documentation work:
collecting resources, transforming them, settingnthup in class etc. is central in the teachers
professional activity. Thereof the documentatiogaheses hold a central place within teachers
professional development.

| will now illustrate these considerations withiestf example.

3. Teacher documentation: a case study

3.1 Studying teacher's documentation: methodology

The study of teachers documentation work requirepexific methodology. This documentation
work happens indeed in many places, in-class amgfeclass; it involves different groups. The
geneses are long-term processes, associatingitstabéind evolutions; the teachers interact with
multiple resources.



For this reason, we designed a methodology, edtitleflexive investigation methodology”
(Gueudet & Trouche to appear). The aim of this wetthogy is to follow, as completely as
possible, a teacher's documentation work. Thisraquires an active collaboration of the teacher
followed: only the teacher herself has a completess to her activity and resources.

For a given year, the follow-up lasts at leastehmeeks. During these three weeks:

— the teachers fills in a logbook, describing herfggsional activity (in-class and out-of-
class), the resources used and produced, the ageoksed;

— alesson is observed and videotaped during thendemeek;

- three interviews of the teacher by the researceeo@anised. Two interviews happen at the
beginning of the follow-up: a general interview,0ab the teacher's resources, about her
activity; a specific interview, about the prepavatiof the lesson that will be observed. The
third interview takes place after the lesson ols#nand is focused on the difference
between what was planned and the enacted lesson;

— during the first interview, the teacher producegarticular a schematic representation of
her resources system (SRRS), that can be complethdating the three weeks;

— during all the three weeks, the researcher collestmr as possible all the teachers' material
resources: files, e-mails on the computer; writtetes, students sheets etc.

In order to limit the amount of data, in particutie amount of description in the logbook, the
follow-up concerns only one class.

To analyse these data, we associate quantitatoveaalitative exploitation. We notice the different
activities mentioned, and the time devoted to eachvity; the resources intervening, the
corresponding activities; the groups where theheads involved, the exchanges of resources with
these groups.

In order to follow geneses, the data collection must be limited to one academic year. We
followed the same teachers in 2008-2009 and 2009-20uring the second year, additional
guestions in the interviews concern the evolutiobserved by the teacher, and the reason for these
evolutions. The analysis of the data is also fodusethese evolutions.

| will now present a case study, concerning a tegdlyriam, followed during two years with this
methodology.

3.2 Myriam's activity and resources

Myriam (51 years old) is an experienced teaches:isheaching at lower secondary school (from
grade 6 to 9 in France) for 29 years. We followed in a grade 9 class (4 hours a week with the
students in class). During the year 2009-2010, filesl in the logbook between the™%1of
December and the T0of January, which corresponds to 4 weeks of ceuraed two weeks of
Christmas holidays. During this period, she shawdde had her students in class for 4x4=16 hours;
in fact 2 hours were cancelled because of the sfraevevoke below the consequences of this
particular circumstance). So for this grade 9 ¢labge worked in class for 14 hours; her logbook
mentions 12 hours of out-of-class work.

Myriam's school is in the countryside; it is refaly small. She has two colleagues in mathematics:
one works half-time in this school, and half-tinmean other school; the other works half-time. In
both cases, the colleagues come to school for toeirses, and go back home afterwards. There is
no collaborative work in the team of maths teacherMyriam's school, except for compulsory
collaborative work, to prepare common assessmedts ia grade 9. At the end of grade 9, the
students have indeed an exam, the “brevet desgeglipa blank exam is organised during the year
for its preparation.



Myriam works nevertheless with other colleagues Bhnvolved in a “Reflection circle”, a group
of 6 teachers of neighbouring schools. In thislejr¢he teachers discuss problem texts, share
resources and experiences. Myriam has been a meavhleany such groups over the years, in
particular in the IREM (Institute for Research twe fTeaching of Mathematics), an institute for in-
service teacher training, where the training talkess form of design of resources by groups of
teachers, working with a researcher. Myriam is rfwawself intervening as trainer for in-service
teachers.

On a more personal level, her family also intergeimeher professional choices. Her husband is
teaching physics; they discuss a lot at home atheuarticulations between maths and physics, and
Myriam pays attention to this dimension in her teag, trying to emphasize as much as possible
the applications of mathematics to other scienkles.daughter entered upper secondary school in
september 2008. Working with her, Myriam observésitws expected at this level; it leads her to

change the content of her own courses, in particalgrade 9, to prepare the students for grade 10.

Myriam closely follows the institutional expectaig Every week, she downloads and reads the
official ministry publication; she also discusseghvthe local maths inspectors. She is involved is
her school in the assessment of the “B2i". cediflan of the students skills on computers and
Internet, which started to be compulsory in 2009.

Myriam uses many material resources, digital ressiin particular. The table below presents her
most important resources, digital and non-digital.

Digital Non-digital

Classroom's computer, video-projector Personal notebook
Students laptops Class notebook

Official websites, official curriculum, mathematical Planning notebook, agenda

situation proposed online on official websites
Class textbook and other textbooks
Sesamath’ digital textbook
Activity texts coming from in-service training followed
Software: Open office (writer, calc); GeoGebra as trainee

e-mail: professional address, mailing list of students  Professional newspapers

Calculators Ring binder with the texts given during the previous
years

Online exercises: MatouMatheux, Mathenpoche
Texts elaborated for the students
Software for managing the students marks: Profnote-
Pronote Students sheets

Overhead projector

Table 1. Myriam's main material resources, digital and non-digital

The digital resources hold a important place in ilgtyr's resources, especially for her grade 9 class,
because laptops are lent to the students for oae Pearing our two-years follow-up, we observed
evolutions towards an even more important partigital resources amongst her resources. In some
cases, it is a consequence of institutional choiEes example, using the Pronote software is
compulsory, for all the teachers in her school. thié students marks have to be filled in the
software, which is used by the administrative safbuild the marks reports three times a year. In

1_ http://www.sesamath.nebesamath is an association of mathematics tegatmreloping free resources: a digital
textbook, online exercises, a spreadsheet, a dgng@oimetry system etc.




other cases, the changes correspond to Myriamised)dollowing a discussion with a colleague,
or an inspector, or a reading in a professionalspaper. For example, she ordered a webcam to
replace her overhead projector, after readinguah s newspaper, an article about the use of such a
webcam in maths courses. | present in the nexiosetwo examples of evolutions observed, and
their interpretations in terms of documentatioreneses.

3.3 Evolutions in Myriam's digital resources: examp les of geneses and documents
Introducing functions

During the two years of the data collection, weeesglly followed the teaching of a chapter
devoted to the introduction of functions. At thengatime, Myriam was starting to use Geogebra,
and she used it in particular for this introductadnfunctions.

Figure 2 below presents an exercise text that Mynqoposed to her students. The starting point,
for this text is an exercise proposed by a colleaglithe “reflection circle”. She has chosen to
suppress all the intermediate questions.

'ABC is a triangle, right-angled in A such that AB = 4 cm and AC = 3 cm.
‘M is a point of [AB].
The parallel line to (AC) through M intersects [BC] in N.
The parallel line to (BC) through M intersects [AC] in P.
Where should M be placed on [AB] to obtain a 9 cm perimeter for CNMP ?
Figure 2. Exercise text proposed by Myriam to her 9" grade students in 2008-2009.

\Perimeter of a parallelogram inscribed in a right-angled triangle \

Myriam's objective is to introduce the notion ofnétion, the vocabulary “image”, and the
associated notations. The perimgief the parallelogram is such that AM + 6 ; Myriam wants

to draw on this relation to introduce a functjg®) = x+ 6.

During the implementation in class, the text istt®n on the whiteboard; the students draw a figure
on paper. Myriam uses the classroom computer aadvitieoprojector to display an animated
Geogebra figure.

C
Périmetre CNMP = 9
3
N
A M B

AM=3

Figure 3. Geogebra figure, illustrating the perimeter

Myriam organises a classroom discussion, aboutraning of the question “where should M be
placed?”. The students quickly identify that if meadetermining the distance AM. Myriam
displays this distance with GeoGebra, and the pam of the parallelogram. She manipulates the
animated figure, asking the students to observenvithe value 9 is reached. The students observe
that 9 is obtained when AM is “around 3 “. Myriarska if they observed a link betwepm@and AM,

a student says “it is always + 6 !”. She ask thelents to prove this result on their sheets.
Nevertheless, the proof is too difficult, and thadents soon loose their focus, start discussing.
Myriam is obliged to propose a detailed help focleatep; the students hardly follow her



explanations during the end of the session.

In 2009-2010, Myriam chose not to use this actjwtfnere the proof is too complex, and the
usefulness of functions not clear. She still usesdébra during her first hour about functions, but
this time to display a graph.

The function chapter was a new topic in the 200892€urriculum. Myriam chose to use a situation
requiring a modelling, and to use Geogebra to b&dpstudents to formulate conjectures. Myriam
was an experienced user of Geoplan. In 2008, slmedtusing Geogebra for several reasons: her
colleagues, in the reflection circle, use it; haughter use it at upper secondary school; and she
finds it convenient to display functions graphse @so uses it in geometry; but in all cases, she
prefers to manipulate it herself, being not confidenough to leave the students use it.

With Geoplan, Myriam used to developed a documentthie class of situations “preparing and
setting up a proof activity for the students”. Thisgcument comprises a scheme, in particular an
operational invariants like: “a phase of conjectomast precede the proof”, and “an animated figure
is a good support for formulating a conjecture”isTknowledge guides her choice, for the new
theme of functions and the new software, in arrimséntalisation process. However, in this case
the proof following the conjecture was too difficuand the students did not see its purpose.
Thereof the following year, she retained a morepgenintroductory problem, around the theme of
the volume of a rectangular box. The students hudlkes themselves, it is more concrete, and no
complex proof is required. In this case Myriam deped a document, about the introduction of
function, comprising operational invariants likan“introductory problem should be concrete, and
should not require a complex modelling”.

Distant work with the students, development of @audent

In 2008-2009, Myriam participated for the first 8no the assessment of the computer certification
(B2i, mentioned above). For this reason, she hadstothe students to send her e-mails with
attached files. She created for this purpose aapeenail address (we can consider this process as
instrumentation). In 2009-2010, the heavy snowsfplievented the students to come to school for
almost one week. Myriam used a students mailingdispecially elaborated by the administration
to prepare school closing, in case of HIN1 flul)ptopose homework, in an instrumentalisation
movement. She is only starting with such requesishe does not give much precisions, about the
name of the file to send back, or its format. Sitendt yet develop a stable orchestration (Trouche
2004, Drijverset al 2010) for such situations. The students sent Hidek with non-significant
names; some send spreadsheets files, while otbpystheir graphs in a word processing file - in
this case, Myriam can not see how they built tgesiphs. We consider that Myriam is developing a
document, for the class of situations: “designimg aetting up distant work about the graphs of
functions”. The document has a “resource” partpeissing in particular the classroom textbook; a
spreadsheet; e-mail addresses, for the teachaharstudents etc. Geneses are ongoing processes,
associating evolutions and stability. Our obseorattook place at a moment of important
evolutions, for this class of situations, linkediwnew digital means. We hypothesise that Myriam
starts to develop a rule of action like “when agkihe students to send spreadsheets productions, it
IS necessary to precise that the spreadsheettsddf must be sent, and not copied into a word
processing”. This rule of action is associated watt operational invariant like: “correcting
spreadsheet productions requires access to thelfmmmitten in the spreadsheet”. With the data we
gathered, we cannot claim that Myriam actually dmved this operational invariant; further
observations are necessary to confirm this hypath®ge consider it nevertheless as consistent,
being connected with a more general operationariamt: “correcting the students mathematical
exercises requires to have access to their proesgwrhich seems to intervene in many documents
developed by Myriam.

Myriam is one teacher, amongst several others vi@tb with this methodology. Her case both
illustrates the theory and confirms the relevanta genesis perspective, and the importance of
documentational geneses for professional developm€&hereof in-service teacher training
programs, especially directed towards the integmnatif technology have to take into account the



documentation work and associated geneses. Weagetles issue in the next section.

4. Collaborative documentation work and professional development

With a documentation perspective, the evolutionseathers practice and professional knowledge
come from their interactions with resources, witpracise professional objective. Moreover, other
research in the framework of the documentationgr@gch have evidenced the importance of
collaborative documentation, in communities of teas (Gueudeket al. to appear). These
statements lead to propose in-service teacheirtgaprograms grounded in collaborative design of
lessons by teachers, the trainers proposing diffekinds of resources. This choice is alos
supported by the results of many other researclksv@ee for example the different contributions
in Krainer & Wood 2008). | present here such anirgj, and its consequences analysed in terms of
geneses.

4.1 Collaborative design of lessons and blended tea  cher training

The progranPairform@nce(organised by the national ministry of educationFrance) proposes
in-service training paths, aiming to sustain ICegration for all school levels and all topics. $ae
paths are templates for training programs to oggaim the whole country. These training programs
are blended: they are partly face-to-face and yalitant. They are grounded in the collective
design of lessons, by teams of trainees (Gueaidat 2009).

All  Pairform@ncepaths comprise 7 stages. These 7 stages arest@ujccessive steps; some of
them are strongly intertwined. They are more likgifferent objectives of the trainers and trainees
activity, during the training.

The first stage is the introduction, the beginnighe training. During this stage, the trainee®ime
each other, and meet the trainers. This introdocéissociates a face-to-face moment, and distant
exchanges using e-mail, or a forum. For exampleh éainee can load a personal presentation, and
expose his or her expectations on such a forum.s€hend stage is the stage of elaboration of the
teams, and selection of the topics retained;otganised during a face-to-face workshop. Stage 3 i
called “self and co-training”. During this stagéettrainees are trained, and train themselves,
according to the path objectives. On the one hhay kearn to use the ICT tools intervening in the
path. But all paths also have, beyond the techmaatery, a more didactical objective. In the path
will consider here, in this stage the traineesneabout setting up investigation in mathematics,
with dynamic geometry systems. The design of tlssde is step 4. The trainees, in the team,
elaborate a content during their face-to-face mgstbut also but through distant discussions, with
the help of the trainer.

Stage 5 is the stage of classroom implementatibe. [Esson designed must be tested in class at
least once; but several realisations are possitégje 6 is called “reflexive look back”. In thiage

the trainees look back at the lesson designed, rigfegct about what went wrong, what should be
modified... It is quite frequent that a lesson does work well for the first time; sometimes a
classroom activity requires more time than what b@sn planned; sometimes the trainees must
suppress some parts, because of time pressurefinBhestage, number 7, is a stage of training
evaluation. During this stage, the trainee fillliquestionnaire, explaining if the training metithe
expectations or not. They also formulate suggestadimodifications. The trainers also evaluate the
training. They can send their remarks and suggestmthe path designers.

4.2 Investigation with dynamic geometry systems: ex ample of a training path

In France, the official curriculum at lower secondschool invites to set up inquiry in class. kal
invites to use ICT, in particular dynamic geometygtems (DGS). Nevertheless, in class DGS are
not much used and investigation is not often ogathi The training path “Investigation with
dynamic geometry systems” faces thereof a douldéesige. Its aim is that the trainees design and
test a lesson giving real responsibilities to thgils, regarding the use of the DGS and the
mathematics at stake.



The training takes place during 13 weeks (outsidédays); it comprises three face-to-face
workshops of one day each. Between these faceztodays, a continuous work is done, using the
e-mail, and the training distant platform.

The training starts with an e-mail contact, one kvbefore the first face-to-face workshop. The
trainers send attached to this e-mail a first qoesgire for the trainees. This questionnaire permi
to collect the trainees expectations, to get inftfams about the material they can use in their
school, and about their ideas and experiences afquity in class.

During the first workshop, the training is presehtthe trainees teams are formed. The teams, if
possible, comprise 4 teachers: 2 from one schadl 2afrom another school. This way, the teachers
will easily meet by pairs; but they will also beliged to use distant communication, via the
platform. This will ensure the regular connectiantthe platform, necessary to see the resources
proposed by the trainers. Examples of lessons msepted. These examples permit to start a
discussion that will go on during the whole tramiby emphasizing important aspects of inquiry in
mathematics:

— how is it possible to articulate inquiry, and theual curriculum? How to avoid “loosing
time”, regarding the mathematical content to bel®

— which can be the link between investigation andofyres there a risk that investigation
hinders the learning of mathematics?

They also permit to present three grids, which wal used during all the training: grid for the
description of a scenario; grid for observation asf inquiry-oriented session with dynamic
geometry; grid for final report and suggestionsudtibe lesson.

At the end of workshop 1, two mathematical situaiare proposed by the trainers. Each team will
have to choose one of these situations, and plscerario for implementing it in class, with an

inquiry-based approach. This scenario is desigreddiden the face-to-face workshops 1 and 2.
This distant work uses a specific forum, and adolidr exchanging the files on the platform. The
trainers support this distant work, but do notterynfluence the decisions of the team.

During the second face-to-face workshop, the seehgroposed by the teams are presented and
collectively analysed, using the following categstiintroduced by the trainers:

— aproblem with a real stake, but possible to tackle

— organisation of an appropriation phase, constroaifcan experiment,
— observation, formulation of conjectures;

— test of the conjectures, search for elements adfpro

— debate, argumentation.

Moreover the role of the software is investigatgal:the students build an experimentation with it?
Do they only manipulate and observe? Is the compuged, for building the proof? All these
elements yield discussions in the group of trainaad modification propositions for the scenarios
proposed.

After these discussions, the trainee teams staiesign the lessons they will test in class. These
lessons are elaborated and tested between worksh@psl 3. A first version of the lesson is
designed, exchanging on the preparation forum. [Elsson is set up in class by one of the trainees;
at least one other trainee observes the lessortaked notes. Suggestions of improvements are
formulated. If possible, another test, incorpomgtine modifications, is organized. New suggestions
of improvements are formulated. The descriptiotheflesson is uploaded on the platform, at least
one week before the last workshop. During the tHade-to-face workshop, the lessons are
discussed, and propositions of further improvemargdormulated.



4.3 Collaborative documentation and investigation w ith dynamic geometry systems

A training, corresponding to the « Investigatiorthadynamic geometry » has been implemented in
2008-2009. 32 trainees attended the training, whiak organised by 3 trainers. In order to follow
and analyse the trainees documentation work, all thistant exchanges on the platform, the files
they sent, and their initial and final questionaaiwhere collected.

At the beginning of the training, the skills oktlrainees concerning DGS were very diverse, from
novice to expert. About investigation, none of thiezally experimented it in class. Even for expert
teachers, the DGS was mostly used by the teachpogect animated figures.

During the second face-to-face workshop, the tesngave discussed a scenario proposed by the
trainers, for a situation called “the river”. Inighscenario, the trainers proposed to use a dynamic
geometry figure as “black box”. This figure has meeonstructed by the teacher, but the
construction has been concealed. The studentstbavanipulate the dynamic figure to discover
how a given point was constructed, instead of figdhemselves which point gives the solution.

PR + RG =12.62cm
G

L

Figure 4. Find the point R on D such that PR+RG is miniritdle solution is given by the point Q.

This example has been chosen by the trainers terftdge discussion between the trainees: the use
of dynamic geometry as “black box” can lead toriesting debates, as in the discussion below:

Trainee : In this example the students make teaitserrors, in mathematics, they must learn logeasoning!
Trainer: These trials and errors provide reasonghilogical reasoning which will be the next step

Trainee: OK, but the computer is only used for rpatdtion. Maths are not physics! In physics youesbe. It is just
what they do here, they observe. It is not a dedrieipproach. | would not do that with my studehtsant them to
work with tools they know. When we tell “investigat”, what do we mean? When | want them to invedégn
geometry, | want deductions.

This trainee seems to have developed an operatioraliant like “solving a mathematical
problem, for the students, means deducting”. Dutimg same discussion, other trainees on the
opposite have emphasized the interest of the Wagk which is different from the usual practice.
Students who usually encounter difficulties can feere at ease with it; and it leads all the staslen
to mobilize mathematical knowledge (here for examible properties of the reflection along a
straight line).

Trainees have different opinions and experiendexebf the common documentation work in the



teams fosters interesting discussions, likely teldyi practices and professional knowledge
evolutions.

9 teams of trainees were formed; the compositiaim@igroup of trainee did not permit to build the
“ideal teams”, with 2 teachers in one school anth Znother one. Only 4 teams comprised 2
teachers from the same school.

All the trainees have used, during the trainindd@S with their students in class. Most of them
have tested the lesson designed in the team; gameds, which did not have the appropriate class
level, only set up initiation to the software. Fdrthe trainees, the students themselves manguuilat
the software in a computer lab: this already ctuists an important evolution.

Amongst the lessons designed, 5 out of 9 conceathrechtroduction of new properties: area of the

triangle, of the parallelogram, definition of cosjnangle at the center. The 4 other lessons
corresponded to reinvestment of already known pt@se In all these cases, the inquiry session
was included in the normal progression. Avoidingdisturb the normal progression was very

important for a majority of trainees. | do not ahathat all the trainees developed an operational
invariant like “investigation in class must not tdid the usual progression”; but this invariant

prevailed in the choices, being shared by a mgjofitrainees.

The inquiry aspects remain limited. For 2 teamsad\f}, the dynamic figure has been constructed
by the teacher, and the students only have to rakme it and observe the consequences of
manipulation to formulate a conjecture. In 5 otteams, the students build themselves, or at least
complement the figure. But the use of the figuratil limited to the formulation of conjectures.
Only two teams have organised an investigation e/kiez software is used also for the validation of
the conjecture.

We can consider that, after the documentation wam&omplished during the training, all the
trainees share an operational invariant like: “tatsing and manipulating a dynamic figure is
useful to support the formulation of conjecturesthg students”. This operational invariant was
present for some trainees before the trainingctremon documentation work in the team has led
the others to develop it. After the training, tbgerational invariant might become a component of
one or several schemes. For example, for the ofesisuations “design and set up the introduction
of a new theorem in geometry”, the trainees sheulact a rule of action like “the students will use
the DGS to formulate a conjecture”. A minority odihees have developed an invariant like “A
DGS can be used for the validation of an hypothesis

These observations remain limited to what happededng the training; they should be
complemented by further observations, to investigia¢ sustainability of the evolutions of practice.
We retain nevertheless that the collaborative desiglessons is a promising mode of teacher
training.

5. Conclusion

| have presented here the elementary principleth@fdocumentational approach. Many others
important concepts have not been evoked, for the && brevity: documentation systems of a
teacher, and their evolving structure; collectivecuimentational geneses in communities of
practice, for example. The approach is still evadyiand the attached methodology of reflexive
investigation evolves simultaneously.

The starting point of the approach is the intefesstigital resources. The examples presented here
indicate clearly that our studies went far beyoht tobjective. Even with a focus on digital
resources, studying teachers documentation requireske into account sets of resources of
different natures: textbooks, discussions witheaues, students productions... At the same time,
the evolutions brought by the digital resourcesiltuminated by the study of the teachers geneses.
Teacher are designers of their own resources; gradipdistant teachers can communicate for
collaborative work; teachers and students commumizat-of-school.



All these evolutions evidence the need for newaedeapproaches.

They also yield evolutions in the choices for teactraining programs, which have to take into
account the position of the teacher as a desigiigh such a stance, the teacher trainer has to
support the trainees geneses, which can lead taisaisle changes of practice.
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