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The paper examines the ways in which technolodimals shape teachers’ and
students’ activity and hence the meaning constoactelated to linear function in a
Year 10 classroom. The Extended Mediational Triangl Cole andEngestrom
(1993) is used to analyze the aforementioned &gtamnd to interpret conflicts and
contradictions. Results show that students fadecdifies to follow their teacher’s
effort for conceptual understanding via connectiohglifferent representations and
mathematical context. The teacher’'s knowledge &ndbility helps him to exploit
contradictions between his and students’ objective®stly productively.
Technological tools are generally supportive testirection but also giving rise to
complications in teacher-students’ communications.

INTRODUCTION

The learning and teaching challenges of using teldgy in the mathematics
classroom have been repeatedly addressed in MatilcsnEalucation. In exploiting

computational environments, teachers’ main respdrigi is to act as orchestra
conductors, aiming at students’ interaction witke grovided artifacts in ways that
allow mathematical meaning to collectively emerg&o this direction, they are

expected to tailor scaffolding conditions, explagtitechnology in ways that promote
students’ transpositions towards mathematical nmggni However, this is not a
straightforward process, as complications may angses course, due to conflicting
interests and understandings emerging in the cbrdkxhe resultant classroom
activity. This paper presents an attempt to explsuch a situation, aiming to
contribute to the wider discussion on students’ceptual understanding via the
exploration with technological tools.

THEORETICAL BACKGROUND AND LITERATURE REVIEW

Mathematics teaching is characterized by compleastyt is framed by the classroom
interactions, the tasks assigned to the studemtgt@noverall social context. Skott

(2010) talks about teachers’ patterns of partiogmain different practices that frame

their teaching. In technology-based mathematicsoles the situation becomes even
more complex, as the nature of tools and managerssmes complicate student —
teacher interaction in moving from the technolobittathe mathematical objects

(e.g., Marracci & Matrriotti, in press).



Activity Theory embodies the individual and the isbg in a unity in a way that the
individual acts on his/her society at the same tamdie/she becomes socialized to it
(Mellin Olsen, 1987). This interplay between thdiundual and the society could
capture the systemic nature of mathematics teadyngddressing its complexity.
Recently, Jaworski and Potari (2009) used the iagtilieory and in particular the
Extended Mediational Triangle (EMT) (Figure 1) obl€ and Engestrom (1993) to
consider the role of the broader social frame inctvizclassroom teaching is situated.
In this study, the activity of a teacher and of $lisdents is contrasted and certain
contradictions are identified.

Tools
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division of labour of the activity” (p. 79).

>

Students’ participation in different communitiegag&sroom, school, friends, parents
etc.), each with its own rules and division of lahohas an impact on their
classroom activity. Teacher’s activity, on the othand, based on the tasks and the
tools s/he designs to achieve certain goals, mddhby the rules of the communities
he belongs to.

In the present paper EMT is used to analyze theigcof the teacher and the
activity of the students and to interpret confliated contradictions that the teacher
faces in his attempts to support students usingntdogical tools as a means to
construct mathematical meaning.

Various attempts have been made to study technofdggration into mathematics
teaching, especially in the upper secondary sclasolyell as the particularities of
this integration. For example, Biza (2011) invgsted Year 12 students’
understanding of the concept of tangent in compartat contexts. She initially
identified students’ misconceptions with the corciégelf and their difficulty in
moving between representational systems. The itggaitervention employed was
based on the usage of examples and of dynamic grapie classroom discussions
analyzed showed limited taken-for-shared mathemaftieanings between the
teacher and the students as well as conflicts lastuftions in students’ arguments.
Furthermore, the teacher’s attempt to negotiate dbestruction of a shared
mathematical meaning was not straightforward, flatihg between orchestrating
the classroom discussion, introducing new examaheschanging the sequence of
the examples.



Kendal and Stacey (2001) studied the teaching ofvaleves by two secondary
teachers to Year 11 students via a Computer Alg8gsiem. One of the teachers
relied predominately on lecturing and demonstratiigle the other on exploiting
children’s ideas emerging during classroom disaunssi The analysis of these
discussions revealed that teachers’ pedagogicatehavere compatible with their
conceptions about mathematics and its teachingedisas about technology usage
for educational purposes. In particular, the fofsthe teachers exploited technology
more and his students used effectively the teclyicdd artifacts to solve procedural
problems. However, the students in the second eslese more capable in dealing
with conceptual issues related to derivatives.

Monaghan (2004) looked at how secondary mathemtdashers take advantage of
digital technology in teaching. The participatingachers, who made moderate
educational use of technology in their regular s#gs encountered substantial
difficulties in exploiting effectively technologynd tended to encourage classroom
activity that differed in structure from that empdal otherwise. In particular, they
showed preference for open-ended tasks, often meguextensive investigative
processes. They also expressed concerns for theenatthe mathematics involved
and noticed that the students tended to concentratiechnological details to the
expense of mathematics. The author concludes thdersts’ interpretations of the
tasks affected the emergent teachers’ goals andetsign of the teaching sessions.

In Trouche’s (2004) study, Year 12 students wewgted to deal with a demanding

task in computational contexts, involving solvinguations, studying function

variation, finding limits and studying sequenceia@on. The students worked in

groups and were expected to submit a researchtrepdhe end of the session. The
researcher claims that the reported success adingty should be attributed to the
expertise of the teacher and to the highly motivated intelligent students and that
it is hard to carry out in “normal” classes due tte demanding instrumental

orchestration required. Such an orchestration lghallow students to first make

sense of the problem, then to explore some spegahples and to finally discuss
relevant conjectures.

The studies presented above indicate that the ushgechnology may facilitate
students’ classroom participation but it also gixies to unexpected and unexplored
challenges during the mediation process. Thesdeciggds might increase instead of
decreasing the conflicts and contradictions presettie activity of the teacher and
of the pupils, thus weakening and blurring the reatatical meaning construction
process. The study presented below is an attempvéstigate how this takes place.

SETTINGS-METHODOLOGY

The study is an action research of a high schaaher with 20 years of teaching
experience and his collaboration with four researsh The teacher had just
completed a Masters’ program in Mathematics Edanadnd participated initially as



a teacher and later as a teacher educator in aeruoflprofessional development
seminars related to the introduction of digitalhtealogies in mathematics teaching.
By returning to school, after a three-year schealvk to complete his postgraduate
studies, he wished to “implement” innovative ideasl approaches he came across
during his studies. To this end, he introducedtdigechnologies into his teaching,
promoted students’ conceptual understanding thradifferent representations and
generally encouraged students to make connectiool®ss contexts and
representations. These approaches were beyond nstudexperiences of
mathematics teaching, which were textbook-baseek-emnphasizing procedures and
sophisticated techniques.

During the first months he faced a number of temsigelated to students’,
colleagues’ and parents’ expectations and thusddddio inquire his teaching and
investigate systematically its effectiveness. Tie purpose, he established a cycle of
planning-implementing-reflecting lessons, which wagularly discussed with the
first author of this paper at the planning andeeibn phases. Furthermore, central
classroom incidents were placed under scrutinyendrging issues were explored
in weekly meetings of all four researchers (mostipugh Skype). In the occasion
reported here, the teacher wanted to investigate he could help students to
explore algebraic relations and in particular tinedr function and its graphical use
to solve algebraic equations and inequalities endbntext of dynamic environments,
such as Geometer’s Sketchpad and Geogebra.

The first author of the paper observed his teacimng Year 10 class (15-16 years
old) for two months (27 students, 12 boys and 1B,gior 17 teaching periods). The
main research question addressed here concerngay® in which the available

technological tools shaped the teacher and theestsd activity and thus the

mathematical meaning construction. The data catsist the transcribed classroom
observations and the discussions both at schoolaaitidle meetings. Analysis was
based on the identification of critical incidentghere contradictions and conflicts
emerged and the teacher had to interpret and mambhgeEMT was used to analyze
the incidents, allowing the interpretation of thesatradictions and the deepening of
our understanding of what could be characterizezffastive teaching management.

RESULTS

In both incidents reported below the students worgairs or groups of three in the
computers’ room with a Geogebra file and a workshkath technical instructions
and mathematical tasks, both prepared by the teathe first comes from the first
teaching session on linear functions while the sédoom the & and &' sessions.

Incident 1: Teacher's management of students’ unexgrted responses

The teacher tries to use the possibilities offepgdiechnology in order to allow
students to identify many instances of the graph fiear function. His goal is the
students to explore general function propertiesiliking different representations.



For the needs of the introductory session on lifieactions, the teacher prepared a
Geogebra file consisting of a kinaesthetic repregem of the function with two
sliders, one for each parameter of the formula h& tunction. As the teacher
explained just before the lesson: “They will mangbe the object [intuitively], gain

a familiarity with this [make sense] and then makeinterpretation of the object
[typical meaning]’. The use of technology influeeckis decision, as “it allows
testing dynamic changes”.

At the beginning of the session, he gives the stisdéhe worksheet and asks them to
directly answer the first question: “Use the slidéthat is the shape of the graph?”
Students work in pairs:

1 S Sir, when you say what is the shape, ittraagle, that means if we use
a specific [she means a specific value of the patara], it is true.

2  Teacher: Which one is the graph?

3 Sz A straight line.

4  Teacher: The graph is this. Where is the triahg|

5 S Here it is! Isn’t this the triangle? [shemis at the triangle defined by the
line and the two axis, see a similar inscriptiofrigure 2]

6 S2: | can see it too.

7  Teacher: We are not interested in the axes. WH#iey are] hidden? Hide the
axes.

8 Sz Yes, what if ... but.

9 Teacher: Justa minute

10 S1I: Sir, | understood it.

11 Teacher: If you cover the axis, this is thepghahis is the function graph, you
need to refer to this.

12 S3: What do you mean ‘what shape is the graph’?
13 S4: Sir, you don’t have good expression.

The environment in which students work combinesepggencil and computer based
activities and includes: the symbolic representatibe kinaesthetic representation;
two sliders; and the open-ended question regartieghapeof the graph. Students
face difficulties in the connection of the repreas¢ions of the linear function, so a
group of them concludes that the shape of the gm@triangle (Figure 2). The
teacher did not expect this response from the stsdd-or him, a graph is a
geometric expression of an algebraic relationsthierefore, the line on the screen is
the shape of the grapHdowever, for the students,shape in both geometric and
algebraic contexts, is the same: does not represeziationship, but something that
should have area. So, they can only sdaaagle. A linguistic conflict can be
identified here between the teacher and the stad# graph of a linear function is
a shape for the teacher, whereas students expsetta geometric shape that has a
surface. This interpretation gave rise to a newhim goal for teacher —students’
understanding of what ihe shape of the graphTo this aim, he tries to make the



mathematical objects transparent to the studemtsigih questions and features of
the educational software (transcript lines [2], [4]):

In the first question, | say: "What shape is thap@?" They say: "It is a triangle." |
understood that in this case they also saw the ax@aurt of the graph. So, | hid the axes
and said: "Which is the graph?".

The teacher has chosen to negotiate different gtsnfgeometrical and algebraic) of
the concept of linear function, with the intentimnlink the two, a process that was
not easy for students. Finally, after the teaclssduthe Geogebra tool to hide the
axes of the graph, students’ responses (“Isn’'tttgraph?”, “It is always a straight
line.”, “A line?”) showed that they began to undarsl what he referred to.

Incident 2: Teaching goals versus students’ explotins

In the second incident, the initial intention oétfeacher was to engage students with
the investigation of the properties of the lineandtion (f(x)=axtb) , especially
regarding the role ad andb. To this aim he created a Geogebra file with glgics
window for the function graph and a spreadsheetiainfor the values ok andy

(Figure 3).
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Figure 2: Geogebra file, Incident 1 | Figure 3: Geogebra file, Incident 2

The teacher has assigned to each group of studéfetient values foa or b. In the
spreadsheet, the first four valuesxofre random numbers, which change with F9
key, whereas the last four valuesxadre fixed and the same for every group. When
the incident starts, students have already filleel columns ofy, change of xand
change of yoy using the corresponding valuesxofnd they are ready to deal with
the task: “List as many observations you can raggrthe results in the spreadsheet
(try to be analytic in your description)”. The tbac expects that some groups will
observe that the changeyofs proportional to the change xand will try to connect
the ratio of change of over change ok with the parametea or the slope of the
graph. Any observation of this type might be heipéuhim to introduce students to
the monotonicity of functions at a later stage.

During the whole class discussion, a student wgrkma group with the function
f(x)=0.5¢-3 notices that the values gfhave always the same sign with thosex.of



The teacher reminds the students that, by presfnthe values of change and that
x can be any real number and asks them to think thngor every value ox the
value ofy=0.5¢x-3 always have the same signxasSome students agree, others not.
He takes up the challenge and attempts to makemstsithvestigate the problem, by
encouraging them to make connections among differepresentations of the
function and also to link the solutions of equasi@amd inequalities with points of the
graph. A student says that for “every negative @atix this will be true”, another
argues that “ix=0 theny=-3". Other students suggest that there are pesualues

of x, for whichy is negative or positive, “all the values ffor which 0.%<3 or
0.5¢>3, respectively”. However, there are students ¥aildo follow this suggestion.
The teacher asks about the graph of the functiah @maws it roughly on the
blackboard, following students’ suggestions regagdihe y-intercept and the
positive slope of the line. Then, he asks studantsparticipating in the previous
conversation to propose positive valuex,dbr whichy>0 ory=0 ory<0, fill a table
with the corresponding values yand plot some corresponding points on the graph.

The initial aim of the teacher was the studentsetate the ratio of change gfover
change of with the parametea or with the slope of the graph. To achieve thes, h
asks students to work with different valuesa@ndb, in order to observe the pattern
in the spreadsheet. However, the open-ended guoestiche worksheet drives
students’ observations to a different direction. lBftecting on his lesson after the
session he notes: “The way that the question wasgm the worksheet might have
been vague for what | had in mind”. As in the firstident, he takes into account
students’ responses — although beyond his aimsl-hamreates a new teaching goal:
to support students to give meaning to the grapheg@aesentation of the points, (
y) and relate them to the roots of the correspondiggation and inequality.
Nevertheless, some students find it difficult tbde this shift:

Instead of allowing all students to present thesuits, | grasped the first opportunity
offered by the first student’s response: “if foreey value of x the value gF0.5¢-3 will
always have the same signxdsnd | invited the class to work on this. | sava#t a good
opportunity to discuss issues related to the smiubif an equation and an inequality and
its relation to the corresponding point on the grap..] Students found it difficult to
shift their attention from the problems they wererking on to the specific case [...]

Analyzing the two incidents by the EMT

The two incidents exemplify some of the observaiaoross all the sessions offered
by the teacher on linear functions. It seems tisfjdod pedagogical intentions were
challenged by discrepancies between his and hitests’ activities.

The EMT below (see Table 1) is used to interpretdbntext of the teaching/learning
activity that took place across the observation.



Many of the teacher’'s decisions, choices and rales deeply influenced by the
Master's community. He strongly believes that cqteal understanding is the key
for learning mathematics and he sets particul@srtd provide for this:

After the Master degree, for me, there are no stisdesimpleminded answers, which
could exist because they would not study enough #edlefore, would not understand.
My approaches on how | interpret what they do heg#gainly changed. | saw and
realized how complicated things about maths anddneus concepts are.

For this reason, he uses new practices and toolsahe across, such as group
communication and Geogebra tasks, interprets stsidesponses being informed by
research literature and follows a different teaghstructure from the one suggested
by curriculum. Mathematical learning is being pwduby connections between
different representations and contexts and thetrel@c environment and the

guestions in the worksheet aimed to facilitate etiisl to make these connections.

Subject: | Teacher Students
Object: | Should enable all students to: « answer the questions of the worksheet.

« connect symbolic, graphical and tabular represenmt
and the graph of linear function

* connect the geometric context and the algebr@itext
of linear function

Tools: » Geogebra file » Geogebra file
» worksheet » worksheet
Commun| « classroom community * classroom community
ity:  school community  school community
e master's community (researchers, schoolmategrivate mathematics lessons
professors) « friends
» wider educational community (other textbooks, thefamily
internet)  wider social community (team sports etc)
» wider social community (relationships with stutern
parents)
Rules « Different agenda from colleagues and curriculopen-| ¢ At private mathematics lessons and in other
ended activities in agreement with findings of egsh | classes at the same school:
literature - emphasis on students’ concepfudblving a great number of exercises for
understanding procedural understanding and practice.
* group communication Teaching according to the book apd
* teacher’s requirements curriculum structure.
* exam requirements * examination requirements
* pressures of the curriculum particularly witlyaed to| « peer pressures
time management
* norms regarding working in mathematics and gahe
in class
» norms regarding working in computer laboratory
Division |  planning the worksheet and Geogebra file « working in groups
of * organization of students into groups « enhance personal meanings concerning|the
labour: * support for the students’ teamwork task

« discussion with the whole class at the end afntgork

« contribution to teamwork and the whole cla

ASS

» consolidation of mathematical meanings

discussion with the teacher

Table 1: EMT describing the context of the teachinfiearning activity

However, it seems that the teacher has differej@ctibes and rules from students,
whose teaching/learning experience is within thaditronal paradigm, which
promotes practicing on exercises and developingquiaral skills. As a result,



although the connections of different contexts mpesentations are included in the
teacher’s objectives, these are not visible for ghalents in advance. In addition,
these connections are not included in either stistlavbjectives in practicing
procedures of mathematics or school community’stmas of teaching and learning.
This contradiction of objectives led, as a consaegageto a contradiction between the
teacher’'s expectations and to what the studentsalfctdid. Later on, when the
teacher noticed that his students did not makestheanections (in discussing with
the first author after lesson 10), he reflected:

At the beginning, they had made these tasks wethpdrameters a and b... but possibly |
did not manage to make these connections appardiat.make them apparent or to let
them discover for themselves?... | do not knowsT&iwhy today they had this difficulty.
They worked rather mechanically with the images,raealizing what the main point was.

DISCUSSION

The teacher’s teaching goal is students’ conceptoderstanding via connections,
which must be carried out through investigationeddé connections are between
different representations of functions (symboligalphical and tabular) as well as
between different mathematical contexts (algebrand geometrical). He
incorporates technology into his everyday teacldang engages students in group-
communication, practices that are new both to hmah @ his students. In class, the
students start directly the investigation, withbatng informed about their teacher’s
objectives. The latter frequently experiences sibma that he does not expect. He is
flexible enough to hear students’ voices and adaptlesson plan accordingly.
However, the students, being unfamiliar with thigdes of teaching and expecting a
well-defined teaching agenda known in advance, aedwvays able to follow him.
Moreover, the exploration allowed by the technatagitools makes them feel
uncertain about the goals of their activity.

It could be argued that in a teaching approach evhechnological tools are
exploited, students’ activity becomes less corgblby the teacher. Furthermore,
more layers of complication are added concerniegnthltiplicity of representations,
the interaction with the environment and the dyreanoif the emerging constructions.
As a result, the meanings shaped by the studemfist fiequently diverge from the
meanings intended by the teacher. Many unexpestedts may emerge from the
students’ reactions and the teacher needs to Bél#eenough to adapt his/her
planned goals and act in-the-moment. These actemsre deep mathematical and
pedagogical content knowledge for his attempts ftecevely promote the
mathematical meaning under construction. On theroffand, the openness of the
situation, although might motivate students to mwtlved with the tasks, it is
possible to be in conflict with other day-to-daysdroom and institutional norms
and practices that influence mathematical teachamgl learning. Thus, the
implementation of technology in the mathematicssslaom requires careful



consideration of teachers’ scaffolding practicesicw should aim to gradually
introduce students into new ways of being involweth the mathematics classroom
activity that promote genuine interactive constiarctof meaning, challenging them
to sensitively explore resistances and resolvelictsbn the way.
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