CONTINUING PROFESSIONAL DEVELOPMENT AND DIGITAL
MEDIAIN MATHEMATICSEDUCATION

Maria Alice GRAVINA, Marina MENNA BARRETO, Marcia NOTARE
Instituto de Matematica, Universidade Federal do Brande do Sul,

Porto Alegre, Brazil

Abstract: This paper presents the results of a study in a continuingfgssional
program for mathematics teachers that had as main objedtieeintegration of
digital medias in their teaching practices. The program vedered in a distance
education modality. The didactic material was designedingkinto account
cognitive aspects that can transform the digital media efmowerful math learning
tool. The analysis of the design of the material, as well thalysis of the learning
process, uses as main frameworks the theory of semioticati@di the registers of
representation theory and the theory of instrumegémesis.

INTRODUCTION

Studies on mathematics teaching and learning in digitairenments have been
developed since Papert’s work (the turtle geometry in thg)8@ince then, a
considerable development of theories has happened (Guéudeouche, 2010).
One important subject focus has been the technology's fuaitén enhance the
cognitive process in mathematics learning (Moreno-Arajellegedus & Kaput,
2008).

However, the integration of technologies in the practicenathematics teachers has
been happening very slowly, as reported in different swdidis is because a large
proportion of teachers were prepared before the massigepce of digital media in
our society. Therefore, it is understandable that theyepréd keep away from
practices that make use of digital media. As a result, pragraf continuing
professional development are necessary to overcome tea@bdsf digital resources
in mathematics classrooms.

In this paper we present the results of a research in a comgjnprofessional
program for mathematics teachers offered by Mathematistitime at Federal
University of Rio Grande do Sul (UFRGS/Brazil). The “Mathatins, Digital Media
and Didactic (MDMD)” is a distance education program thad fta first version in
the period 2009-2011. Its main objective is to prepare nma#ties teachers for
using digital media in their classrooms. We will outline thpgram design and
analyze the teaching and learning process in its first @ursis course had focus on
dynamic geometry software as a math learning tool.

Our research is based upon theories developed to undets&aedmplex process of
integrating technologies into teaching practices. We uUmee theory of semiotic
mediation (Bartolini Bussi & Mariotti, 2008) associatedthihe theory of registers



of representation (Duval, 2008) to address the potentiaécfnology for learning
mathematics and the theory of instrumental genesis to asdiiee process of
technology skills development (Artigue, 2002; Trbec2004).

SEMIOTICS REPRESENTATION, DIGITAL MEDIA AND THE LEARNING
OF MATHEMATICS

The theory of registers of representation emphasizes tpertance of systems of
representations in the learning of mathematics (Duval620Duval makes clear that
the systems used in mathematics not only convey conceptg&laad, but they also
have operating rules that allow to perform processes tlzat {fe new concepts and
ideas — those are the registers of semiotic representafitve. concept of

transformation highlights the mathematical process tatis within a register (the
treatment) or that occurs between registers (the convetsikhe coordination of

registers creates mathematical comprehensionrdacges cognitive abilities.

Digital media enlarge the possibilities of registers of reentation. Indeed,
nowadays there is a number of dynamic representations #ratbe manipulated
directly on the computer screen. Different registers arelonized - text, graphs,
figures, equations and also metaphorical objects — offedifferent aspects of the
mathematical object. This makes the digital tools powenfuthe development of
cognitive abilities for the learning of mathematics (Movesrmella, Hegedus &
Kaput, 2008).

However, digital systems of representation might not beughoto ensure the
learning of mathematics. The efficient use of digital sgseof representation
depends on the design of didactic situations in such a watythigastudents can
develop utilization schemes that will convey mathematidahs (Bartolini Bussi &
Mariotti 2008). In a vygotskian perspective the digitalteyss can be seen as tools
to support and develop mental activities.

We also rely upon the theory of instrumentation that expgldive dialectic between
conceptual and technical work when using a digital artifaetigue, 2002; Trouche,
2004). The differentiation between artifact and instrutrerclear in this theory: an
instrument is a mixed entity that involves an artifact and@yrabve schemes of
utilization. In this theory, the development of cognitivenemes, which will make
the artifact an instrument, is defined as instrumental gisn®n the one hand, this
development depends on the subject's actions towards thigacar (the
instrumentalization process). On the other hand, it dep@mdthe subject’s actions
that are provoked by the feedback of the artifdet {(nstrumentation process).

The interesting expressidimolforthougths coined by Clinton and Shaffer (2006),
highlights that subjects and artifacts (as digital systevhsepresentation) can
interact in an action and reaction process that producesitoog attitudes towards
new knowledge. In this paper we will use the expresstoolforthougthsas



synonymous ofnstrument because it conveys in a clear way the notion of “tool to
think with”. Prior to applying digital media resource &molforthougthsin their
classrooms, teachers need to experience their iogtnumental genesiAlso, they
need to be supported by professional development progranmew practices in
order to think creatively about a curriculum that integsatee digital media. We are
going to look at these issues in this paper.

THE DESIGN OF HYPERTEXT WITH INTERACTIVE ANIMATIONS

The program MDMD was designed to provide teachers with arergtdnding of the
potential of digital media, especially software. Partaguhttention was given to the
process that makes an artifact become an instrument. Thesexjucontents
emphasized the mathematics concepts and skills requiredet@ software and also
pedagogical strategies that could be adapted ssrdams.

The design of the didactic material focused on the role of thgisters of
representation, as well as the utilization schema to beldped in the learning
process. Knowing beforehand the potential of the softwardoals of semiotic
mediation, we prepared activities that required the w@ilon schemes related to
transformations of registers, specially the conversiéims.instance, activities using
discursive and geometric registers were planned througimggic constructions
with GeoGebra. Real variable functions activities thaurezjthe conversion from a
geometric register to an algebraic one were also prepard¢id @eoGebra. An
interesting conversion from geometric to algebraic regsstwas proposed with
software GrafEq. In this conversion, algebraictretes produce geometric shapes.

The Program predicted @ascade of instrumental genesis processggesented in
Figure 1. The activities, designed according to the priesipof the theory of
semiotic mediation, were organized to provoke teachetrimental genesis. The
same material could be used by teachers in their classronthsauld help them to
promote a similar instrumental genesis process with thedents. The cascade idea
might be supported by the theory of documentation (Gueudé&tdiche, 2010); the
theory shows the important role of the resources used byéeaavhile preparing a
math subject to be taught.
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Figure 1. Cascade of instrumental genesis processes



Each course used its own website and focused on a differémiesse. The websites
have a similar design in order to make the navigation eafigu(e 2). In the left
frame there are modules and each one divided in sub menudyjégtive - gives the
answer to the question “"what we are going to study in thiol®s (ii) contents —
presents the mathematics contents and the didactic bagckgroheories; (iii)
activities — brings the activities to be developed; (iv)a@ses — presents tutorials
for the software to be used; (v) complements - suggest additimaterial to enhance
the contents and media used in the module. We will discus®aifspcourse of the
program, Digital Media |, which emphasizes the GeoGebra msth learning tool.
As undergraduate courses in Brazil, even nowadays, stilad@repare teachers for
integrating digital media in their teaching (Jover, 20QBg website was designed to
provoke the instrumental genesis in dynamic geometry enwients. The main
purpose was to provoke the utilization schemes for propexiylore the dynamic
geometry, specially the “drag action” schema.

Mdulo Il

Médule IV

| Modulo V.

Médulo VI

Modulo Vi

Figure 2: One of the course website interfaces. In the detail, the submenus objective,
contents, resour ces, activities and compliments.

The theme of the module | and Il is mosaics and tiling pattamds$ the module 11l is
about geometric modelling. We are going to observe the unstntal genesis
process through the work realized in those three modules.Wihple site material
can be seen &ttp://www.ufrgs.brat the link “Disciplines’.

In module | the teachers are invited to observe differentaissin their everyday
life and produce a similar one with GeoGebra. A simple camsiion like this is not
easy for beginners in dynamic geometry. The site offergactese animations that
explain how to produce mosaics and the construction praeedan be followed
step-by-step in the user's learning pace. The module lIse€wn the geometric
transformations: the task is to produce different tilingt@ans using the same mosaic
but different transformations (reflection, rotation, nséation). As in the mosaic
activity, interactive animations are available &the beginners.



In module Ill, geometry is explored through modelling. Ndve task is to produce a
virtual model of an everyday-life mechanism — as a fan, a tsdop, a hydraulic jack
or a scale. Some virtual models that can be manipulated aitahble in the submenu
ContentsInteractive animations and the protocol of constructiuat will help in the
understanding of the construction procedures isguied in the submeriResources
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Figure 3: Different registers of the model piston in the website.

Figure 3 illustrates the resources available in module dlated to the model
“piston”: (a) shows two instances of the virtual model; (lows two different
moments of the interactive animation of the constructiahspows the construction
protocol.

The material offers different registers of the model to enhed. The virtual model

can be manipulated (the “drag” of the blue point producegte®n movement) and
the dynamic geometric register might be enough to procedd the construction.

Otherwise, the user can observe the step-by-step conetrugsing the interactive

animation and, at the same time, manipulate the model.  $lecond geometric
register is still not enough to proceed with the constructithe user can read the
discursive register.

One of the characteristics of the interactive animatiorieesnavigation bar allowing
going back and forth in the geometric construction. If neeeg the user can also
change the steps speed. Those two features make the interacimation adaptable

to different learning rhythms, which is an important aspecbe considered in the
process ofinstrumental genesisThe teachers learned to use GeoGebra in the
distance education program MDMD using those resourceshwaere organized in a
website.

A TEACHER LEARNING TO USE THE SOFTWARE GEOGEBRA

One hundred and eighty teachers attended the course andas@ympanied by a
professor and seven tutors. Teachers were distributedviensaties in the state of
Rio Grande do Sul, forming a group between 15 and 30 partigspa tutor, under
the supervision of the professor, supported each group oPtre material used was



the website “Midias I” presented in the last section. Gurtks for the activity to be
performed were posted weekly in the virtual environment gille). The teachers
published their production in a Moodle Database consisiire GeoGebra file and a
text about the difficulties and the progress during the wégle interactions between
groups and tutors happened in a Moodle Forum.

As most teachers had no knowledge of dynamic geometry sidfwavas interesting
to observe their instrumental genesis process. In whabvigliwe will analyze the
process experienced by one teacher. Through his produdatictme three first
modules of the course we will bring evidences of the instntakon and
instrumentalization processes that were experiencedddieticher. The analysis uses
the material posted weekly by the teacher on Moodle. In s &ttempts to produce
the mosaic activity, proposed in module I, he says:

| did not know the software, so | had great difficulty .... | deaseveral attempts because |
was not having success to move the vertices of the mosaiowtitny deformation in
shape.... | felt that it is needed a specific training withtoGebra, so that we can explore
constructions and then get the desired results.

When the teacher talks about the need of specific trainirexpdore the software to
accomplish the construction, he stresses the importanoecofnizing the potential
of the software (the instrumentalization process). Wherrdiers to the need of
practice with the software to obtain a figure in dynamic getmn one can see a
manifestation towards the development of utilization ssbgthe instrumentation
process). The tutor's comment shows that the teacher is d&tileloping the

utilization schemes:

| realized that you explored the software quite a lot andysalready done a nice job ...
still there is a problem with the construction related to figeire stability ... but this is
common to most of those who are dealing for the first time vdyimamic geometry...
congratulations for the many construction attempts.

It was observed that the interactive animations of mosaneailable in the website,
had an important role in the awareness of the two aspectahstrumental genesis.
The mosaic activity provoked an evolution of attitudes:he beginning the teacher
talks about things he doesn’t know and difficulties with Getra. He explores the
software menus and makes many attempts of construction —aué&vgay that he is
developing the utilization schemes that will tramsif the artifact into an instrument.



Fig 4: The mosaic produced by the teacher

Figure 4 shows his final mosaic and the geometric procedine square, made with
perpendicular lines and compass, is a dynamic figure; fooggion he used several
times the menu ‘'middle point’ instead of the efficient meriutransformations
available in GeoGebra — after constructing the first whitetaingle, the others can be
done through rotation. The teacher’s action indicates sinumentation process in
progress.

In the tiling pattern activity of module I, it was observduat the teacher did not
make so many attempts as before. He was quite confident tupeaa tilling pattern

in dynamic geometry. Figure 5 indicates: a) the tiling pattproduced; b) the
construction procedure; c) the basic elements of the patédithe end of the activity

the teacher says:

As mentioned in the previous task, I did not know the softwark was still very hard to
carry out the new activity ... For reaching to the end of thek taspent several hours in
front of GeoGebra... | am very concerned about the time thiabe/necessary to perform

the next tasks .... | need to learn how to get the desiredtriestér ... | did my best at this
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Figure5: Thetiling pattern produced by the teacher

The teacher advanced in his instrumentation process — dleefivas made stable
under “dragging” without the need of many attempts. Howgube utilization
schemes related to geometric transformations are stitegacipient even though
this was the utilization schema to be developed through tteity. The central



reflection transformation was the only one present in thestoction protocol and it
was applied just to points. The tutor’'s comment is:

As | have mentioned, you already have understood the spidymmamic geometry. In the
construction of the tilling pattern | noticed the frequestwf the reflections which is
very interesting. | let you the invitation for explore otlggometric transformations in the
task that is coming

The construction procedure illustrated in figure 5b stilbws several circles, lines
and segments middle points - the construction has aboutt2p8.4n fact he “spent
several hours in front of GeoGebra” to accomplish the taskrenstill was not using
GeoGebra as a powerftdolforthougthsHe did not pay attention to the basic shapes
which are highlighted in Figure 5c. With those shapes andaigushe geometric
transformations (rotation, translation, reflection) ibmd be possible “to get the
desired result faster”, a comment made by the srdumself.

In the modelling activity of module lll, the teacher proddce virtual blind window

(Figure 6). The construction required more mastery of the@&sbra menus. To
obtain the "open-close” virtual movement it was used a i circle arc and the
corresponding radius was the initial segment of one of the plarallelograms. The
reflection transformation was used in different momentd a&he translation

transformation was used to produce a second copy of theukatigcl blind window.

In this third activity the teacher reveals a progressivegadion of the GeoGebra
resources and also shows more confidence withcthenses of utilization.
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(a) closed /open virtual blind window (b) construction procedure

Figure 6: The geometric modelling activity of the teacher

The teacher’s production and his interactions with thertsbtmwed us that simple
activities can be a source of difficulty for those who arertgtg a process of
instrumental genesis. Artigue (2002) points out that thstrumental genesis
involves the interweaving of mathematical knowledge anditeds to use the

software features. In fact, it was observed that some ofdhehier’s difficulties were
related with the ability of using GeoGebra features, butlse had difficulties with

the geometry knowledge required in the activities. Sirtylave observed that the
processes of instrumentalization and instrumentatiothenwhole group, happened



completely intertwined with the geometry content. For amste, it took time for
teachers to feel confident to use the geometric transfeomabenu and the main
reason was the lack of knowledge, since geometric transfioom is not a school
subject in Brazil.

CONCLUSIONS

The analysis of the production of one of the teachers folhgwthe Program MMDD
shows that thenstrumental genesis a complex process. As a general remark we
would say that the process depends on many experiencesheitirtifact so that it
becomes a toolfortoughts. As a whole group, teachers didyre&periments with
GeoGebra. After two months, they carried out teaching enpsrts with GeoGebra
in their classrooms, as part of the course activities. Evesugh teachers had
experienced their instrumental genesis (in fact, the umséntal genesis is always a
process in progress), the use of GeoGebra that they did Idth $tudents was still
quite modest. But even so, they spoke enthusiastically tabboei new teaching
experience. One teacher said that “in the first meeting mgesits explored the
GeoGebra tools... then they started the construction gigoois that do not deform,
with motivation, interest and cooperation... they werey\axcited”; another one said
that “the activities carried out with my students were sakcil felt satisfaction and
delight of the students with their geometric constructibn¥he teachers’
experiments were not enough to evidence a cascade of irmttamgenesis
processes.

We might say that for the happening of tbascade a new perspective about the
teaching and learning of mathematics must be also enviditawyeteachers during
their instrumentalization and instrumentation proces&ssides attention to the
instrumental genesis process, professional developmegrgms also need to pay
attention to what could be called the genesis of a digitalagedy. The teachers’
experiments with their students showed us that to thinktiu&st about a school
curriculum that integratesolfortoughtsis not an easy task.
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