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Since four years, a group of seven secondary schwihematics teachers and
teacher educators has been involved in a researofeq dealing with the issue of
dynamic geometry resource quality. The aim of plaiger is to examine the impact
of this involvement on their practices both as beas and teacher educators. Based
on the analysis of various resources produced leygloup members before their
participation in the research and nowadays, as \aelbn the group’s auto-analysis
of the evolution of their own practices, we couighlight a significant evolution in
their way of using dynamic geometry in a classroasiwell as in their teacher
training offer and content.

In this contribution, we report about an experieata research group composed of
two mathematics education researchers and sevemday school math teachers
(called DG-group in the sequel) working on dynargeometry (DG) resource
quality issues. We attempt to highlight the impafcthe teachers’ involvement into
this research on their practices both as teacimer$emcher educators.

The paper is organised as follows. First, we bridiscribe the research project on
DG resource quality that gathered together reseasa@nd teachers. This project will
be referred to as 12G project. Next, we presentttie®retical framework and the
methodology we used to examine the impact of thehters’ involvement in the 12G
project on their practices. Finally, we discuss thest significant findings and
propose some concluding remarks.

12G PROJECT

The 12G project, which ran between September 20@BJane 2012, was conducted
in the framework of the Intergeo European projeldt piming at developing a

community of DG users all over Europe around annopeb-based repository [2]

specifically designed for sharing resources andtmes related to the use of DG in
mathematics teaching. In order to help platformraisdentify suitable resources

regarding their instructional aim and context oé,uss well as to allow the available
resources to be improved, two main tools have lbdeseloped and implemented into
the repository: a search engine based on mathahatitions and competencies
ontology to help searching for relevant resour@s] a resource quality review
guestionnaire helping the users analyse availabsources and highlight their

weaknesses so that they can be improved. Two matiereducation researchers
and the DG-group were in charge of designing asting the questionnaire. In the
next section, we present briefly the questionnamne its design process, focusing on
the roles of the researchers and the teachersviesvah the 12G project.



Design of the questionnaire for DG resource analysi

The questionnaire, which is the main tool for teeaurce quality assessment in the
repository (Fig. 1), was designed in a cyclicalgass consisting in the elaboration of
its successive versions, followed by their tests subsequent improvements.

Radio buttons: more on the left side to say that | don't agree, more on the right side to say that | agree

| 4 s} ol o] s | found easily the resource, the audience, competencies and themes are adequate
[ 2 The files are technically sound and easy to open

| 4 The content is mathematically sound and usable in the classroom

[ 4 Translation of the mathematical activity into interactive geometry is coherent

v In this resource, Interactive Geometry adds value to the learning experience

| can produce drawings which are clear and sharp

Different configurations are easily produced

Helps the user to explore, experiment and conjecture

Conjectures can be visually validated

Different representations can be compared

Leads to understand geometric relations rather than numerical values

The actmity can not be transposed to paper and pen

Interactive geometry helps reaching the pedagogical goal

Dragging around, you can illustrate, identify or conjecture invariant properties
Dragging around, you infer dependency relations among objects

Comments:

[ This activity helps me teach mathematics

[ | know how to set my class for this activity

[ 2 | found easily a way to use this activity in my curriculum progression
[ The resource is user friendly and adaptable

Figure 1: Online questionnaire for reviewing a DG esource in the i2geo repository

This methodology can be considered asdesign-based researchin which
“development and research take place through ocomti; cycles of design,
enactment, analysis, and redesign” (DBRC 2003, )p.btending theory-driven
design with empirical research. The first versidrine questionnaire was designed
by the two researchers drawing on research resiised to the use of DG in math
teaching and learning. It proposed eight genera¢stjons related to eight
dimensions of a DG resource considered as critngHl respect to the resource
quality, such as technical aspect, mathematicaecwrvalidity, instrumental aspect,
and didactical and pedagogical implementation. h.aeninth dimension related to
the resource ergonomics has been added. Eachs# tjumstions can be developed
into a set of more detailed criteria related to ¢cberesponding dimension (Fig. 1).
The theoretical considerations underpinning theicghof the dimensions and the
definition of the criteria are exposed in some ieta (Trgalovéet al 2011).



In order to make the questionnaire accessible td asable by teachers, its
elaboration has been done in a close collaboratiinseven secondary mathematics
teachers (DG-group), according to the schema inZFig

Theory-driven design
of the first version of
the questionnaire by
the researchers

J

Critical review of the
questionnaire by the
DG-group

B

Analysis and redesign
of the questionnaire by
the researchers

L

Figure 2: Schema of the resource quality design meddology

It is important to mention that besides the ainth@ Intergeo community benefit
consisting in improvement of shared resourcesdéfaition of the quality criteria
has also been driven by our ambition to enable @atikidual user engaged into a
resource analysis to take a personal benefit byngdier/him reflect on the purpose
and the way DG is used in the resource, which neagitferent from her/his own
practice. We supposed that the analysis of a resouould thus have an impact on
the user in at least two aspects: (1) it would Hedphim get a deeper insight into
what the resource is about and thus facilitateapgropriation for a potential
implementation in her/his classroom, and (2) it idoeontribute to the evolution of
the user’s practices with using DG by getting awass of its possible contributions
to the teaching and learning math and of variougswitacan be used.

The empirical studies conducted within the quesizore design cycle provided
some evidence tending to confirm that teacherseperdhe questionnaire as a very
useful tool in the process of resource appropmatiahnet al 2009, Trgalovéet al
2011, Trgalova & Richard 2012). However, these @atthort experiments did not
allow studying the impact of the questionnaire #mel quality criteria either on the
design and the improvement of the resources irrépesitory, or on the teachers’
practices. Currently, we pursue our research indwections. On the one hand, we
attempt to study whether and how the questionnaraised by the Intergeo
community and to what extent it leads to the improent of the resources in the
repository. On the other hand, we try to explorewlether and how the use of the
guestionnaire to analyse dynamic geometry resoungesacts teachers’ practices. In
what follows, we present a part of the researchiedlto the latter issue.

Test of the
guestionnaire by
teachers (in France
and in Brazil)




THEORETICAL FRAMEWORK AND METHODOLOGY
DG-group

The teachers from the DG-group being involved mdesign and use of the quality
guestionnaire, they became naturally our firstaed®e objects. These teachers started
collaborating in 1996 within the Institute for Raseh in Mathematics Teaching in
Lyon [3] as a group of “users and designers of @&ources” (Bourgeadt al, to
appear). In 2008, the group volunteered to join|#@ project and it collaborated
until recently with math education researchers loen DG resource quality issues.
Every year since 2003, the group offers trainingrses aiming at helping other math
teachers master and integrate DG systems into pinaatices. All group members
prepare together their courses during their regoleetings and produce various
resources (documents, tools...), although only twohoee of them, in turn, are in
charge each time of the implementation of the @msirs

Methodology

In order to identify possible evolutions of the [@up members’ practices as
teacher educators, we gathered teacher trainimumess the group has produced
since 2003. Moreover, recently the group was askeaflect on changes in their
own practices that the group members could obsanae their involvement in the
I2G project. This introspective activity yielded mya interesting observations
(Bourgeatet al, to appear) related mostly to the teaching prastisome of which
are reported in this paper. Finally, we have aralyas well some of the teachers’
reviews and comments of resources in the Interdatbopm, which can also shed
light on their practices with using DG in math te&g. The next section presents the
theoretical framework we used to analyse these data

Theoretical lens used to analyse the data
Integration of technologies and double instrumegeesis

Numerous research studies on the information amdnumication technologies
(ICT) integration adopt thanstrumental approacliRabardel 2002) as a theoretical
framework specifically designed for studying teachiand learning phenomena
involving technology. The instrumental approacheselon a distinction between an
artefact a tool available to an individual, and imstrument which is the result of a
process of appropriation of the tool by the induatlwhen s/he uses it in order to
achieve a given task. The process of transformm@réefact into an instrument is
called instrumental genesisSome of these studies stress the complexity of
technology integration, which requiresdauble instrumental genesis teachers: a
first genesis of an instrument for achieving matagos tasks, and a second one of
an instrument for achieving educational tasks (#&£a?008). Haspekian (2011)
evokes gersonal genesigansforming a given tool intoraathematical instrument
and aprofessional genestsansforming it into aidactical instrumentAccording to
Trouche (2004), the ICT integration requires frdme teacher to be aware of the



potentialities and constraints of artefacts, whishnecessary to design suitable
mathematical tasks. Moreover, the teacher has tabbe to implement these tasks
into the classroom and to foresee the spatial angdral classroom management.
The author introduces the tetimstrumental orchestratioto refer to the didactical
management of the artefact in a classroom. Drijrsal (2011) define the
instrumental orchestration as “the intentional apstematic organisation and use of
the various artefacts available in [a] computerisegrning environment by the
teacher in a given mathematical task situation,onmder to guide students’
instrumental genesis” (p. 1350).

These considerations will frame our analysis of teacher training resources
produced by the DG-group. We will look for elemenisthese resources showing
whether the group is aware or not of the neceséitiie double instrumental genesis
in teachers wishing to integrate DG. We will alsptb highlight the way the group

orchestrates DG activities both in math classronthia teacher training.

Potentialities of dynamic geometry

A dynamic geometry environment is computer-basétivaoe that allows the user to
create geometrical figures and manipulate them diffi@rent shapes and positions
by dragging their elements, mostly points. Onehef distinctive features of DG is
that when dragging, the geometrical properties loé figure defined in its
construction are preserved. Three main modalitfedragging have been identified
in the literature (Healy 2000, Laborde 2001, ArHareOlivero, Paola & Robutti
2002): (1)dragging forverifying consists in dragging to check the presence of the
supposed (known) geometrical properties in ther&@géccording to Holzl (2001),
uses of DG are often limited to this modality, ne tsense that students are expected
to drag figures to confirm empirically the propestiwhich are more or less given;
(2) dragging for conjecturingonsists in dragging to look for new propertieshe
figure through the perception of what remains iravd@rwhen dragging; (3Jragging

for validating/invalidating consists in dragging to check whether the conttcluc
figure preserves its geometrical properties whagging.

In the analysis of the DG-group resources we woltus on the modalities of
dragging in the activities it proposes and espbciahether there are changes in the
teachers’ perceptions of the role of dragging.

DATA ANALYSIS

The analysis of the resources produced by the @@pyshows a significant shift in
the practices of the DG-group teachers in threennaaipects. The first two are
related mostly to their practices as mathematieshers, the third one to their
practices as teacher educators.



Modalities of dragging

Relying on the teachers’ auto-analysis of their qwactices before and after their
involvement into the 12G project (Bourgeet al, to appear), it appears that with
their students, the teachers used DG mostly tarobtdust constructions aiming at
highlighting invariants in geometric figures:

“Yesterday, obtaining robust geometric construdi@amd highlighting invariants were the
main goals assigned to students: they should aerisdr figure by using known properties
[...] which they could validate by the invariancetioé figure when dragging.”

Nowadays, they propose new types of activities imctv they ask students “to
explore figures in order to highlight invariantsdéor conjecture new properties”
(ibid.). The teachers seem to have acknowledgednipertance of dragging for
conjecturing in students learning and they thusppse various and richer tasks
using different modalities of dragging.

The following comment [4], written by one of the Bfgoup members about a
resource in the repository illustrating, with a web construction, the equality of
three ratios in a triangle with a parallel lineaiwe of its sides, shows her awareness
of the interest of soft constructions in geomeggrhing:

“Several improvements are possible: 1. [The polhttan be set free, which will allow
visualizing the difference between the case propuat-parallel and the cases where the
ratios are not equal’.

Although it is difficult to establish a direct linketween the questionnaire and the
evolution of the teachers’ awareness of the DG rdmutions to the teaching and

learning geometry, we can suppose that the numetisgsissions about this issue,
that eventually led to the definition of criteri@lated to the added value brought by
DG to the math activity, are at the origin of tBwlution.

Instrumental orchestration

Regarding the classroom management, the teachefsssoto have struggled to
combine phases of students’ work on computers aoraputer lab with collective
phases of debate, which often needed to be postpam@ the next session in an
ordinary classroom, as they say (ibid.):

“Before, the activities with ICT took place in amputer lab in the conditions that
postponed the debate and the students-teacheadtiters regarding their observations and
manipulations in a digital resource.”

Nowadays, the teachers orchestrate their ICT-beesstns in a more effective way:
the use of a video projector allows articulatinglivdual and collective phases.
Indeed, the teachers say: “[Now] we observe theraations in a genuine triangle
“students — teacher — digital resource” (ibid.).



This shift can certainly be related to the criterglated to the pedagogical
implementation of the resource, one of the ninesetspthat we consider critical for
determining the resource quality.

Awareness of the double instrumental genesis

The analysis of the teacher training resourcesymed by the DG-group reveals that
the training programmes the group proposed befd@d 2i.e. before its involvement

into the 12G project, aimed mostly at helping tema to master DG environment
tools. The training activities consisted in senégxercises to solve with DG chosen
to illustrate the use of a particular DG tool. Fg@ shows a typical training activity:

the trainees were asked to solve the exerciserahdate what DG tools they have
used.

Exercise n°4

a) Given a segment [AB], construct a square witB][As a side.

b) Given a segment [AB], construct a square witB]As a diagonal.
c) Construct a square with a side [AB] without gsinparallel line » and « perpendicular
line » tools.

N.B. For each question, verify that the constructemains stable.

Figure 3: Example of a teacher training activity proposed by DG-group in 2005

The focus of the teacher training programmes is pleriod was clearly on technical
aspects of mastering a DG environment. In termsmstfumental genesis, the DG-
group accompanied trainees’ personal geneses dematical instruments.

Since 2009, the teacher training proposals of tBegboup show a significant shift
towards considering didactical and pedagogical @spef DG integration. Indeed, in
a training programme proposed in 2009, the groupoances the following

objective: “The aim of this training programme aseccompany the teacher wishing
to take her/his students to a computer lab”. Aeieshort phase during which the
trainees solve exercises aiming at getting thenuaoted with the main DG tools,

they are invited to reflect on the types of acteatsuitable for the use of DG, the
goal being to bring forward the following aims: rimluce a new mathematical
concept, construct figures, and put students intesaarch activity with DG. After

having solved a given exercise with DG, they aledso explore it in light of a

possible implementation in a classroom: envisagesipte adaptations, anticipate
classroom management. Figure 4 shows a trainirgyires, in which the two phases,
solving an exercise and exploring it from didadtimad pedagogical points of view,
are present. The trainees are also led to createdtvn activities related to a math
domain of their choice and adapted to the levaheir class. They have to specify
the teaching goals and envisage the classroom meapiation of the activity. The

DG-group has developed specific resources to Hedgrainees with this task, such
as a description sheet of a session using DG 8yigr a checklist with questions to
ask before using ICT in a classroom, e.g., whams®ICT, do the ICT contributions



favour students’ learning, or how to integrate & Isession into an ordinary
teaching sequence.

3. Studying polynomials
3.1. Relationship between graphical representat
and expression of a first and second degree functi
The trainees open the file « stagel-exo-fct - ddg
et 2.ggb »

They are given the document « stagel-exo-fct d
1 et 2.0dt »

Let the trainees solve the exercise. . .’
Ask them to reflect on possible adaptations fq | Z
Grade 11 classroom for the next training day.

-~

=

D

=
®

2" day: exploitation of the exercise 3.1 solved dutime first day
Ask for possible adaptations. A specific attenstiould be paid to the method used by the students
(successive trials without the properties). Thedneereview this point with them... how? How to
manage this activity?

Figure 4: Excerpt of a training plan elaborated bythe DG-group in 2011

DG software
Class
Mathematical topic

TYPE OF OBJECTIVE OF THE SESSION
‘ Represent a math object [ | Research problem O Discover a property (J |

‘OBJECTIVES OF THE SESSION |
‘CONTRIBUTIONS OF THE DG |
‘M ODALITIES OF USE (COMPUTER LAB , VIDEO PROJECTOR, | NTERNET...) ‘
‘DEVELOPMENT OF THE SESSION |

STUDENTS’ PRODUCTIONS (IN A COMPUTER LAB )

Figure 5: DG session description sheet

These elements show that the DG-group has gottemeawss of the necessity to
assist the trainees’ professional instrumental gesmiso that they can transform DG
software not only into a mathematical instrumentt blso into a didactical one.
Moreover, the resources produced by the group lesigms of the influence of the
quality questionnaire, namely considerations of esalv dimensions such as



contributions of DG, didactical exploitation of Dotentialities or instrumental
orchestration. This seems to confirm a highly pesitimpact of the DG-group
involvement into a design of DG resource qualitgsfionnaire.

CONCLUSION

In this contribution, we reported about a reseawohthe issue of DG resource
guality, conducted by a mixed group of math edwcatesearchers and in-service
teachers. We attempted to show a positive impacthisf collaboration on the
teachers’ practices both as math teachers andaeadhcators. Regarding the use of
DG in their classes, we observe significant chamgése nature of tasks the teachers
propose to their students: these are richer ane wiwallenging, asking the students
to explore figures and conjecture properties, rathan just verify supposed or
known properties or validate robust constructiofise teachers are also able to
envisage more productive instrumental orchestratalowing a genuine integration
of DG in their math classes. As teacher educatbesgroup seems to be now much
more sensitive to didactical and pedagogical qaestrelated to the DG integration
than before. Initially, it focused mostly on tectadi aspects of mastering a DG
software, thus accompanying trainees’ instrumeggaleses yielding a mathematical
instrument, whereas nowadays, its programmes iecladtivities allowing the
trainees to develop a didactical instrument as.well

NOTES

1. Interoperable Interactive Geometry for Eurof#) 722010, http://i2geo.net/xwiki/bin/view/Main/Abbu
2. i2geo.net

3. Institut de Recherche sur I'Enseignement de&taatiques (IREM).The IREMs gather together primaegondary
and university teachers to conduct research onlgmsbin math teaching and learning at all schoetle to offer
teacher training programmes based on researchgesntl produce and disseminate pedagogical ressurc

4. http:/li2geo.net/xwiki/bin/view/Coll_cdording/Blitedes3rapportsavecunedroiteparalleleauncotddngte?bc=&
viewer=comments

REFERENCES

Acosta, M. (2008)Démarche expérimentale, validation, et ostensiferimatisés.
Implications dans la formation d’enseignants ailisation de Cabri en classe de
géométrie Thése de doctorat, Université de Grenoble 1 @tddsité de Genéve.

Arzarello, F., Olivero, F., Paola, D., Robutti, 2002). A cognitive analysis of
dragging practices in Cabri environmerd§)M — The International Journal on
Mathematics Educatiqr84(3), 66-72.

Baccaglini-Frank, A. & Mariotti, M.A., (2010). Genmating Conjectures through
Dragging in Dynamic Geometry: the Maintaining DraggModel. International
Journal of Computers for Mathematics Learnitty3), 225-253.



Bourgeat, F., Calpe, A., Digeon, Mt al (to appear). De l'utilisation a la formation :
géométrie dynamique et logiciels mathématiques.GInAldon et al (Eds.),
Représentations dynamiques des mathématiques s guéls pour faire, pour
apprendre et pour enseigner les mathématiques ?esAales Journées
mathématiques de I'lFE 20122-13 juin 2012, Lyon (France).

DBRC (Design-Based Research Collective) (2003).igheBased Research: An
Emerging Paradigm for Educational InquiBducational Research&2(1), 5-8.

Drijvers, P., Doorman, M., Boon, P., van Gisbergé&h, (2011). Instrumental
orchestration: theory and practice. In V. Durrange@Gier et al (Eds.),
Proceedings of CERME @p. 1349-58), Jan. 28-Feb. 1 2009, Lyon (France).

Haspekian, M. (2011). The co-construction of a reathtical and a didactical
instrument. In M. Pytlak et al. (EdsBroceedings of CERME (pp. 2298-2307),
February §-13" 2011, Rzeszéw (Poland).

Healy, L. (2000). Identifying and explaining geonetrelationship: interactions
with robust and soft Cabri constructions.Aroceedings of the 24th conference of
the IGPME(Vol. 1, pp. 103-117) Hiroshima, Japan.

Holzl, R. (2001) Using dynamic geometry softwareaitd contrast to geometric
situations — A case studwt. J. of Computers for Math Learnirgfl), 63-86.

Jahn, A. P., Trgalova, J. & Soury-Lavergne, S. 800nalyse de ressources
pédagogiques et amélioration de leur qualité akede la géométrie dynamique. In
Actes du 2° SIPEMAPRS juillet-1 aolt, Recife (Bresil).

Laborde, C. (2001). Integration of technology ie thesign of geometry tasks with
Cabri-Geometrylnt. J. of Computers for Math Learnirgf3), 283-317.

Rabardel, P. (2002People and technology - a cognitive approach taemporary
instrumentshttp://ergoserv.psy.univ-paris8.fr

Restrepo, A. M. (2008)Genése instrumentale de déplacement en geométrie
dynamige chez des éléves A& 6rhése de doctorat, Université de Grenoble 1.

Trgalova J., Richard P. (2012). Analyse de resssurcomme moyen de
déeveloppement professionnel des enseignants. lIln Dorier, S. Coutat (Eds.)
Enseignement des mathématiques et contrat soeajeux et défis pour le 21
siecle — Actes du colloque EMF20(ET6, pp. 908-918).

Trgalova, J., Soury-Lavergne, S., Jahn, A. P. (20Quality assessment process for
dynamic geometry resources in Intergeo projectomate and experimentgZDM
— The International Journal on Mathematics Educa#d(3), 337-351

Trouche, L. (2004). Managing the complexity of humaachine interactions in
computerized learning environments: guiding stuslesammand process through
instrumental orchestrationisit. J. of Computers for Math Learnir®y 281-307.



