| Canadian Journal for New Scholars in Education/ lume 1, Issue 1
Revue canadienne des jeunes chercheures et chieremeeducation July 2008

Overcoming the Technical Nature in Learning Tratisha
Cabri Geometrya Tool to Sustain Conceptual Comprehension?

Annie Corriveau
Faculty of Education

University of Sherbrooke
annie.z.corriveau@usherbrooke.ca

Abstract

This article presents the results of a didacticeeixpentation conducted with two elementary
pupils (11-12 years of age) in a Quebec schodierof learning geometric translation with a
mathematical software, call€&hbri GeometryThe teaching-learning sequence experimented
with Barth’s (2001) process of conceptualizatiohe Tvorking strategies of pupils were analyzed
in relationship to this process. Their comprehemsibthe concept of translation was considered
before and after the teaching-learning sequenceguke Herscovics and Bergeron (1988) model
of comprehension of conceptual schemata. Resulisated that by following the teaching-
learning sequence, the logical mathematical congmr&ibn of the concept of translation evolved
in the pupils, while the logical- physical comprebm®n of this concept remained inaccurate.
Moreover, the results revealed different utilizatfmocedures dfabri Geometrysoftware.

These utilization procedures likely affected thegasss of conceptualization and, consequently,
the comprehension of pupils.

Introduction

Most educational systems in teaching and learnimgerage the use of information and
communication technologies [ICT] (OCDE, 2001). Tisishe case in Quebec, Canada, which
makes it a competency, namely ‘to exploit informatand communication technologies’, in new
preschool and elementary education programmes (@ment of Quebec, 2001). In a section
specific to the field of mathematics, it is mengdrthat the use of ICT is mandatory. However,
the choice of technological tools and the mannevhith to use them remains at the discretion
of the teacher.

In this article, the results of a didactic expentaion are presented, deriving from a framework
previously designed from graduate research (Cauy2007). A dynamic geometry software
program called€Cabri Geometryvas deployed for the learning of the concept afdiaion by

two elementary pupils (11-12 years). Two aspectewealyzed: the process of
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conceptualization during the teaching-learning sege, and the comprehension of pupils
following it. The second aspect is the concerrdd paper.

The Problem

The field of geometry was studied as this fieladnaithematics is often left aside from others,
such as arithmetic, according to scientific litarat Moreover, problems with teaching and
learning are associated with geometry. In factjlpugenerally have difficulty reasoning
geometrical figures; that is, they are challenggthle sorting out of geometrical properties to
link these with geometrical objects (Laborde & Capip1994). In addition, pupils frequently
develop a limited comprehension of geometrical epts since teachers usually present them
with a restricted set of examples (Battista, 2001pur opinion, this only serves to exacerbate
the links between learning difficulties and the manwith which geometrical concepts are
taught. In this respect, Perrin-Glorian (2003)sdesl that the teaching of geometry resides
almost solely in the technical utilization of gednwinstruments.

When confronted with these problems, it seems sacgs$o conceive of a teaching- learning
device susceptible to help pupils participate a&tyivn their process of conceptualization so that,
in the long run, they will improve their comprehemsof geometric concepts. Research in the
teaching of mathematics suggests that the utiimadf dynamic geometry software (DGS) for
the learning of geometrical notions is importamgduse it enables pupils to understand
geometrical concepts (Assude & Gelis, 2002; Labo?2060; Laborde & Capponi, 1994). The
notion of ‘dynamic geometry’ refers to two phenomethe possibility of modifying an existing
figure by using the drag mode, and the possibalftynaintaining properties of a geometrical
construction in the moving of basic objects, wiselnved in its development (Laborde, 2000).

Starting with this information, our basic postuleg¢hat DGS may be used to learn a new
geometric concept, because the drag mode enalel@satiification of a geometric figure. This
mode would favour the exploration of a large nundfesxamples for a given concept. In
addition, given the dynamic nature of the DGS,dtiecept of translation represents an
interesting notion to work with this kind of todhse it helps visualize the movements made,
which assists in discovering the properties retatosan initial figure and those of the image of
this figure. By relying on this postulate, our alijee is to answer the following question: how
does the use of dynamic geometrical software sugai process of conceptualization as well as
favour a better comprehension of the concept oftedion in elementary school pupils?

Conceptual Framework

The conceptual framework for this research deatls thie process of conceptualization as well
as the comprehension of mathematical conceptuahsata. The study of the conceptualization
process draws from the works of Barth (2001), wiappsed a teaching-learning process of
concepts relying essentially on the presentatioexamples and counter-examples; they were
chosen with care with consideration of attributebe discovered. According to Barth (2001) “a
concept claims in its definition the choice of gatve case, and in helping explore the contrast,
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we help the learner to structure the elementshbameets” (p. 69). The usage of counter-
examples therefore helps the pupil distinguishetbgential attributes of a concept from those that
are not essential. In order to do this, he or shetmse mental strategies such as perception,
comparison, and inference.

To illustrate pupil comprehension, the model bydderics and Bergeron’s (1988) has been
chosen. This model attempts to represent diffatenénsions of comprehension of conceptual
schemata in mathematics. This model, illustrateigure 1, is divided into two stages of
comprehension.

Figure 1:Model of Comprehension of Conceptual Schemata itnéfaatics proposed by
Herscovics & Bergeron (1988)

COMPREHENSION OF PRELIMINARY PHYSICAL CONCEPT

Intuitive Logical-physical Logical-physical
comprehension | procedural comprehensi abstraction
>

! }

Logical-mathematical Logical-
procedural comprehensi mathematical —t—p Formalization
abstraction

COMPREHENSION OF EMERGENT MATHEMATICAL CONCEPT]

Note: This figure represents the components of the moldebmprehension
chosen as well as the non-linear nature of thegzoof comprehension.

This model illustrates the complexity of the pracesconstruction of a concept that is non-
linear. In fact, a pupil may pass from a logicalpical comprehension procedure to a logical-
mathematical comprehension procedure without haabsjracted the elements linked to the
physical concept, that is, the pre-concept. Inoteeds, a pupil may attain the second stage
without necessarily having acquired the componehtise first. Nevertheless, there exists a form
of hierarchy between the first two components effttst stage, because the acquisition of
logical-physical procedural comprehension requareituitive comprehension of the concept.

The first stage deals with comprehension beingelihto the pre-concept, and refers to a
reflection on physical objects. The steps involiwegdude:

1. Intuitive comprehensioooncerns the global perception of the concepthistlevel, the
pupil possesses incomplete representations ofdbmetric translation. He or she may
recognize situations representing movements oflpbstides as well as those which are
not.
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2. Logical-physical procedural comprehensipertains to the acquisition of procedures that
the pupil uses with physical objects while assauggthese procedures with intuitive
knowledge. In addition to recognizing the movenesgociated with the translation, the
pupil is capable of doing a translation himselherself by completing rudimentary
procedures. For example, he or she would be abitet@ an object from one point to
another by making a parallel slide without raisiraling, or turning it.

3. Logical-physical abstractiohas to do with the construction of invariants tie&ato the
spatiotemporal transformation as well as geneitabza of physical objects. At this level,
a pupil recognizes that the object does not chasgkmension or orientation during its
translation.

The second stage concerns the comprehension ofemenathematical concepts, and therefore
deals with mathematical entities, thus, abstrastidime steps involved include:

1. Logical-mathematical procedural comprehensrefers to the acquisition of explicit
procedures that the pupil can link with preliminatyysical concepts and use in an
appropriate fashion. The pupil has the capacipetdorm a translation of an object or a
figure in relation to a direction, sense and gileagth by using a procedure and
appropriate tools.

2. Logical-mathematical abstractioteals with the construction of logical-mathemdtica
invariants. The pupil can link them to logical-plogd invariants. The pupil knows that
the object or the figure remains constant duringeneent; in other words, their
measures of length and angle, parallelism and @tien are conserved.

3. Formalizationrefers to the symbolization of notions for whictegree of procedural
comprehension or abstraction already exists. Alpnasters the formalization of a
translation through identification and by specitythe starting point or arrival point, as
well as the distance, sense, and direction of €wtov.

This article intends to present the evolution iprapriation by pupils of the concept of
geometric translation using the model of compreioengiven by Herscovics and Bergeron
(1988), which results from the sequence of teacleagning conceived according to the process
of Barth (2001). This process includes the utilamaof a DGS.

Methodology

Given that geometric translation is part of thedhdycle of elementary programming in Quebec,
two sixth grade pupils were chosen to participatthis research, and shall be called Francois
and Jean. It is important to mention that the cphoétranslation had not been taught to these
pupils previously; however, the pupils stated ttel/comprehend the meaning of reflection. In
order to choose the dynamic geometry software, wegeded with a criterion-based evaluation
of four DGS, specificallyGeometer’s Sketchpad, Geogebra, GeoaegiCabri GeometryThis
form of evaluation enabled us to establish @albri Geometryseemed most appropriate for
elementary pupils to learn geometric transformati@orriveau and Morelli, 2005). In order to
answer our research question, we opted for datectimn methods allowing us: first, to establish
the evolution of comprehension by pupils of theaapt of translation, and second, to describe
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the process of conceptualization during the secqueltese data were collected by the
researcher through means of interviews and paatitipbservation, which was filmed.

The interview served to gather information on theprehension of pupils regarding the concept
of translation. We conducted a pre- and a postuige, identical from every point of view, over
a two-week period. The nature of the interview agtdd was similar to the mini-interview
designed by Nantais (1992) to inquire into the caghpnsion of pupils of a conceptual schema.
This type of interview relied on a task-dialoguentnation between the interviewer and the
pupil focusing on a specific assignment on a givexthematical notion. In order to observe the
activity of the pupil and question, this methodused on the discovery of his or her cognitive
process and further promoted the validation ofigigdnt’'s words and actions. Interview
guestions were elaborated from a conceptual asabjthe notion of translation. These
guestions were specifically chosen to target temehts belonging to each of the components of
Herscovics and Bergeron’s (1988) model, as illasttan the following example, which is
modelled on the second stage (refer to Figureudgh §uestions were: “In the first figure, | have
a side (AC) which measures 3 centimetres. Couldtgthune what you would do to find the
measurement of (A’C’) [corresponding side on thage figure]?”

One of the tasks proposed to the pupils was tmperé translation on a sheet of paper with
geometrical instruments. As for the first stages ohthe tasks of the pupil was to perform a
translation of a cylinder and one of an octagomzihp, whereas one of its requirements, during
the course of the activity, was to name, from tifieint illustrations, one or more choices that
represented a parallel slide. Even though the gunsstvere identical for both pupils, the
interview took place separately to identify thes@aing associated with the choices made by
each pupil.

Participant observation was employed to describgtbcess of conceptualization of pupils
during the learning of the concept of translatiathwZabri GeometryWith this method, our
objective was to understand the procedure useathygupils during the course of the teaching-
learning sequence. To do this, a video camera sed 1o film the actions of pupils during the
activity and during their interactions with theeascher. Also, in order to gather information
impossible to obtain with through video taping, méyrmental representations and decisions
related to the use of the software, we questionedwo pupils during the course of their
activity. By doing so, we aimed to identify thelraices and motivations for their actions, which
were still fresh in their memory.

The experimentation took place in three intervaisrdy a total period of three weeks. The first
week was dedicated to the passing of the pre-il@nEach of these interviews took
approximately 15 minutes. The interview data idedithe pupils’ level of comprehension
regarding translation, before the teaching-learsiguence. The second week was spent
experimenting with the teaching-learning sequeibés sequence was divided into three
activities of approximately 20 minutes of familzation with the software, and two specific
periods of about 30 minutes for the learning ofrgewic translation. The third, and final, week
was for post-interviews to examine the evolutioma@iprehension of pupils following the
teaching-learning sequence.
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Interview and observation data were transcribetbaten. Their content was then analyzed by
means of content analysis (Bardin, 2003). Usingtagorial mixed system, in which some
categories stem from a conceptual framework anerstiiom the data, such as the static or
dynamic aspect of mental strategies of observaimhcomparison. For the purposes of
explanation, the analysis of pupils’ comprehensi@s done by means of a categorical system
elaborated from the model of comprehension retaiHedce, for each verbatim transcription,
which contained the words and the description tbas of pupils, the units of meaning were
coded, on the one hand, according to the compdhenteferred to, and on the other hand,
according to the accuracy, from a mathematicaltpafiniew, of what the pupil said or did.

Conception of the Teaching-Learning Sequence

The teaching-learning sequence, based on the prpcegosed by Barth (2001), is an inductive
process. It demands that pupils construct the safitbe concept of translation, starting with the
exploration of several examples and counter-exasnplewever, the teaching-learning
procedure differs from Barth’s work, in that thegence unfolds individually rather than in a
group. To illustrate the translation, examples weresen that varied in type of figure and
information given by the vector (sense, directidistance). For each example, pupils could
manipulate, with the assistance of the drag mddeinitial figure and the vector to verify the
invariants and to bring out the essential attributitranslation, notably the role of the vectar. |
the case of counter-examples, we chose to illestiditer geometric transformations (rotations,
reflections) that shared attributes essential @édrdnslation (isometric character), but
distinguishable from the type of movement allowetl(rning, turning). Also, among the
counter-examples, there were cases of geometnsftianations and some with no geometric
transformation whatsoever. Figure 2 illustratesrttental strategies of each phase of the
sequence.

Figure 2: Acquisition Phases of a Concept Accordmthe Approach Proposed by Barth (2001)

4. GENERALIZATION
Appropriate definition for a concept

3. ABSTRACTION PHASE
Formulation of a hypothesisthat will serveasa
definition of the concept
Operated bnor spontaneous mental strate«

2. CLARIFICATION PHASE

For mulation of a conclusion
Operated by non spontaneous mental strategigs:
-inferenctand it¢ verification

1. OBSERVATION PHASE
Search for key attributes
Operated by non spontaneous mental strategies:
-perception and comparis

Note: This figure is used to illustrate the different pés of the teaching-learning 6
sequence.
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In the first phase, pupils must resort to two miesttategies of perception and comparison. In
doing so, they had to observe and compare exaraptesounter-examples while manipulating
the information within the examples to bring outetiences and similarities (Figure 2). During
the second phase, pupils had to make inferences\iat they believed to be the list of
essential attributes that enable translation. Thegy had to verify their inference until they
obtained a just conclusion. During the third amdlfiphase, once the inference is judged to be
adequate, pupils must assure that the generalizatitneir list of attributes applied to new
examples of translation. To do this, they had taldsh the hypothesis that their inference may
serve to define the translation and, subsequerghfy this hypothesis by resorting to new
examples of translation. Finally, to verify the amsition of the concept, pupils were expected to
find a way to perform a translation wi@abri Geometry

Results

The results of the study were presented in a watytighlighted the similarities and distinctions
between the evolution in comprehension of pupilstinee to the model of comprehension of
conceptual schemata as conceived by HerscovicBargkron (1988). However, in an attempt
to explain the comprehension of the pupils andiegfbn of the tool, the components of the
process of conceptualization were highlighted, sagmental strategies, as well as procedures
for utilization of the tool.

Evolution of Comprehension

The analysis of the pre-interview results indicateat at the outset the two pupils had an
inaccurate comprehension of geometric translaboti) on the logical-physical plane and the
logical-mathematical plane. For example, in theeazghe latter, the following excerpt suggests
that the term ‘translation’ had no meaning for @s. He stated, “I do not really understand
what you mean by translation.” Moreover, whenriegtto do a translation on paper, he placed
the figure randomly rather then considering thermfation given by the vector. As for Jean, he
also questioned what he had to do when we askedadndo a translation. He asked, “Do | have
to reproduce it?” On the logical-physical plane gwhve asked Frangois to make a cylinder slide
in a parallel way, he made it roll when the cylindas on its curved face, and turned it when it
was on its plane face. As for Jean, he no longderstood the meaning of parallel slide. He
stated that an object that turns, such as a bighbeeates a slide. According to him, an object
must slide in order to turn.

The interview data showed that the teaching-legreaguence allowed Francois and Jean to
learn and modify their comprehension within theegiwequence. However, it is interesting to
note that this evolution concentrated in mostlysbeond stage, that of logical-mathematical
comprehension. In fact, logical-physical comprelmnsf the concept of translation of the two
pupils had remained inaccurate, notably the elesnerited to the pre-concept. Conversely, they
attained a solid logical-mathematical comprehenghian differed from each other. This
constituted another noteworthy aspect of the stlidybetter understand this distinction, we
attempted to link this observation with mental &tgees and procedures used by pupils during
the activity. Before establishing links between poemension and the process of
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conceptualization, we looked at the specific leagrof the two pupils as well as the main
strategies and procedures they employed when tisgngpftware.

Learning Acquired by Francois

Analysis of the post-interview results, in relattonthe model of comprehension of conceptual
schemata as defined by Herscovics and Bergeror8]1®®licated that at the level of
formalization Francois acquired a good comprehensidhe role of the vector in translation. He
was capable of maintaining that the vector indiddle length and direction of the translation,
and he was capable of taking this into considematiben the time came to create a translation
on paper using geometrical instruments. On the&dgnathematical plane of abstraction,
Francois also developed a solid understanding stfattion relative to translation, such as the
conservation of measurement of length and of arglevell as the conservation of the
orientation of the figure during movement. It ioontant to specify that at the beginning he
verified, using his ruler, the measurement of dde sf the transformed figure. This assured him
that the measurement was identical to the correpgrside of the initial figure. After this
verification, Francois seemed convinced, howeVett the lengths of the side of the transformed
figure were identical to those of the initial figuitOn the plane of logical-mathematical
procedural comprehension, Francois was capablein§d translation on paper by regarding the
length of the vector. Moreover, it is surprisingthhe used, on occasion, a procedure that
enabled him to conserve the direction of the vediofact, when the vector was oblique,
Francois placed the ruler on the vector and masled# by conserving its orientation. However,
this rudimentary procedure is inaccurate sincesthure is not used and the ruler moved when
manipulated.

Although the logical-physical comprehension remdimaccurate, some elements seemed
important to mention. First, to evaluate the lofjdaysical abstraction and logical-physical
procedural comprehension, one of the tasks reqliestée interview was to perform the
translation of a cylinder and an octagonal prisnthenface of which a triangle is represented in
order to observe the conservation of the oriematicthe solid. Regardless of the solid, rather
then doing a parallel slide as expected, Frangised the object and replaced it at the point of
arrival without changing the orientation. When digesed about the procedure he chose,
Francois answered: “Because, if | had it...well i baarrive at the same place [according to the
orientation]. If I had made it roll, it probably wial not have arrived at the right place.” In short,
it was the final result of the translation that otad. This aspect also appeared at the level of
intuitive comprehension when Francois should hdeatified concrete situations representing a
translation. He then explained that a big wheelrepnesent a translation if the seats return to
their starting position when it stops turning.

Concerning the analysis of mental strategies aitidation procedures dfabri Geometrylet us
point out that our analyses allowed us to obsefter H61z (1996) who analyzed the effects of
the drag mode on the learning of geometry, twogygfeactivities: perception and comparison of
examples and counter-examples. These activities aider static or dynamic. The first one
dealt with the perception or comparison that is enatlen observing only examples or counter-
examples on sheets of paper or on the computegrscfée second corresponds to the
observation that was produced by the dynamic méetipa of examples or counter-examples on
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the computer. As a result of these observationsyere able to identify a particularity. The
particularity concerned the manipulation of Frasgeith theCabri Geometrysoftware in that he
mainly focused on examples during activities ofcpption and comparison. In fact, he attached
little importance to counter-examples by justifyithgt it was in the examples that he was able to
discover the essential characteristics of trarmslatsubsequently, during the same activities,
Francois functioned in a more dynamic fashion.dswliscovered that because of the drag mode,
he spent a lot of time moving the diverse elemprgsented on the screen, the vector in
particular.

Learning Acquired by Jean

Similar to Francois, Jean made considerable pregnethe area of logical-mathematical
comprehension of the concept of translation. Reggribrmalization, Jean had a good idea of
the role of the vector. His comprehension howepgeared to be less clear than Francois,
because he mentioned that the vector served toatedwhere the figure should go, without
naming specifically that the vector serves to iatBadistance and sense. Jean’s comprehension
seemed to have evolved more in the area of logedhematical abstraction. In fact, he easily
grasped that a figure conserves, during translaiti®rientation, measures of length and angle.
Moreover, we questioned him on his capacity to flmelmeasurement of one side of the
transformed figure for which the measurement ofdbreesponding side on the initial figure was
indicated. He answered: “Even though it's the samasure as the initial figure because it's a
translation.” Concerning the procedural logical-nemhatical comprehension, the results showed
that Jean was capable of doing a translation orrdaprespecting the information given by the
vector, and by assuring himself that the transfarfigure was identical to the initial figure.

Concerning logical-physical comprehension, Jeanatses to perform a translation similar to

that of Francois. He raised the solid piece anthoepl it at the point of arrival. This method
illustrated an inaccurate logical-physical procadlegomprehension. The comprehension of Jean
associated with the logical-physical abstracticensed similar to that of Francois, for just like
him he seemed to be concerned only with the fiesilt of the translation and not with what
occurred when the object was moved. He explainat] pneferably, this movement is not done
by rolling, for in such a case it is uncertain ttieg object conserves the same orientation as at
the beginning. On the contrary, Jean believedrtiiang may be associated with the translation,
if the object is brought back to its initial oriatibn.

According to our interpretation of the explanatigngen by Jean with regard to a parallel slide,
we may say that his intuitive comprehension remeiascurate. As a matter of fact, for Jean, an
object must slide easily, meaning to say withoigtitsn in order to be able to turn. Hence,
according to him, an object that turns is one $hides at the outset, and, consequently this object
effects a parallel slide - that is considered adiaion. As for the procedures and strategies that
Jean used during the teaching-learning sequenceoted that, contrary to Francois, Jean barely
used the dynamisms offered 6gbri Geometryfor his activities of perception and comparison
were mainly performed in a static fashion. Moreowderring this first phase of the sequence,

Jean observed and compared as many examples dereexamples.
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Discussion

Like Gomes and Vergnaud (2004), who also analypadeptualization during the use of a
DGS, it is supposed that the differentiated utilaa of Cabri Geometryby the two pupils in our
study, one exploiting mostly his dynamic potentiein the other, explains their different
comprehension of the concept of translation. In, fidae numerous dynamic manipulations made
by Francois with the drag mode, in particular thasgociated with the vector, enable him to
verify the rule of the vector in translation. As flean, his attention was focused more on the
observation of the properties of the figures dutiagslation. His activities of perception and
comparison were mainly static and therefore didaxpioit the possibilities offered by ti@abri
software. These results correspond with thoseeWbrks of Rabardel (2000) and Trouche
(2005) who showed that tools are not neutral, atlter they constituted a form of instrumental
mediation since they influence the process of cptuadization. During the utilization of a given
tool for learning, during the course of what Ralea(@000) called ‘instrumental genesis’, pupils
develop different instruments and different meansarking with the same tool. The utilization
of a tool is thus personalized by pupils who mdieetool their own instrument of work.

Moreover, likely due to the technological enviromtfjdogical-physical comprehension
remained inaccurate for the two pupils with regarthe translation. At the beginning of the
study, we assumed that the implementation of amyjmanvironment, such as the one available
with theCabri Geometrysoftware, would allow us to notice a greater eraecg of the

movement associated with translation. In this wiiag,results suggested that the possibilities
offered byCabri could have misled the pupils. Effectively, Frams¢@it a given time, displaced
the vector very quickly by making it turn. Since tboftware automatically actualizes the data of
the translation, Francgois was able to associatentheement of the translation with that of the
rotation. Moreover, during the final phase of thadhing-learning sequence, the pupils
themselves had to do a translation v@tbri. The manner in which they chose to do so could
have led them to focus on the final result. As @tenaf fact, a translation witGabri Geometry
requires the selection of an initial figure andkilng on the vector. In this way, the transformed
figure ‘appears’ at the right place. If the pupiled not manipulate the vector afterwards, he or
she is not aware of the type of movement made guhie translation. Therefore, from an
educational point of view, the didactic use of @l &hould ideally rely on taking into
consideration its constraints and potentialitidgsisequally suggests anticipation and
management of the instrumental genesis (Rabard@Q)2In other words, it is up to the teacher
to plan and manage the different possible waydilifation for pupils in relation to the
constraints and possibilities of the tool.

Conclusion

From a practical point of view, one of the mosenmesting results to be considered is the capacity
that the two pupils had to perform translationgaper with traditional geometric instruments,
while working in a computer technology environmetiénce, teachers in school environments
may gather from this study that technical learnswygh as the handling of geometric

instruments, are secondary compared to comprelreasm cognitive order. When pupils
understand the properties of translation, they seefind ways to proceed in order to respect

10
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these properties. The results also questionedibiee of a computer technology learning
environment in mathematics and the role of teacimessch an environment. As stated by
Sutherland and Balacheff (1999) different ‘microflds’ contribute toward the construction of
different meanings. In this sense, the us€aliri Geometryor any other computerized tool,
must be used complementarily with a traditionaliemment (i.e. paper-pencil method). As
stated in the study, the deploymenGafbri Geometrydid not bring about work on the logical-
physical plane. Moreover, it seems necessary ¢aanhing be supervised by the teacher for,
according to Sinclair as well as Healy and HoyR80(Q), the strategies linked to the drag mode
are not, as a rule, used by pupils. Analysis afhieeg practices that implement computerized
environments in mathematics is an area that deséuvier attention and research.

11
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Notes

1 The conceptualization can not always relyfengresentation of examples and counter-

examples. Through this research, we made this elm@cause the theoretical approach proposed
by Barth (2001) is well suited to learning the siation.

2" Both students come from a school in the Apgaén School Board.

% In this research, we do not distinguish theation of the vector from its sense because,
although both terms are used by students, thegraptoyed in undifferentiated ways.
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