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Abstract - We present the result of an empirical study on tvhic
tensions the teachers has experienced when doirtematical
modelling. The context of this research was takeomfthe first
experiences with mathematical modelling of thremreintary school
teachers from public schools. The data was coliedterough
observation accomplished through filming of thessks, interviews
after each class and narrative about the classéseach teacher. The
identified tensions in the teachers' practices wdassified as: the
tension ofthe students' involvementhe tension of thestudents'
comprehension of mathematical conterthe tension of the
understanding of the activity of modelling by studand the tension
of deciding what to din the modelling practice. Thus, the analysis of
the data suggests a discursive dimension for thsides in the
teachers' discourses in relation to unexpectedtsitus that happen in
the practice of mathematical modelling.

Introduction

The debate about the insertion of mathematical
modelling in the school curriculum has been winning
visibility in the last decades. For modelling, wederstand
a learning environment, in which the students axited
to investigate, through mathematics, situations ingm
from other disciplines or daily situations (Barbo2803,
2006). One of the questions approached has been the
teacher’s role in this enterprise, just as, fomepke, it was
approached in the ICMI Study 14 (Blum et al., 2007)



Niss, Blum e Galbraith (2007) have pointed out tha
the teachers need to have opportunities to use limade
during their pre-service education and through leagu
activities in their professional development. Oghti of
this, the teachers need to develop several aedvitf
modelling, so that they can experience a variety of
situations and discuss the pedagogical implicatiohs
accomplishing modelling in the school.

Empirical studies have discussed the actions (Doer
2006), the strategies (Chapman, 2007), the intéioen
(Leip, 2005), the content knowledge and pedagogical
content knowledge (Doerr & English, 2006) and the
dilemmas (Blomhoj & Kjeldsen, 2006) constitutedtlis
practice by teachers when developing modellingheirt
classrooms. The aspects discussed in these stodiiets
out that the modelling demands the configuration of
situated actions in the school culture for the tgwaent
of this environment and not just the knowledge oind
modelling. Thus, to understand these aspects,tagssilof
the insertion of an environment in the school that
challenges the traditional practices, can supgaittiers in
the accomplishment of modelling in school practice.

It is possible to identify in those studies thhe t
notion of “tension” in the discourses gains vistlil
starting from the analysis of the insecurities, the
difficulties, the concerns and the dilemmas in the
development of modelling. In this proposal, we will
present part of a wider research on teachers’deasin
the practice of modelling. In particular, we delied our
focus with the following question: Which tensiomsthe
teachers' discourses are constituted when accdrngis
activities of mathematical modelling in his/her giree?

Thus, we hope to (generate theoretical
understandings that can help us to understancctoher's
role in developing activities of modelling. In atdn, the
found results could support programs of teachers
professional development as well as other actidra t
focus on the insertion of modelling in the eduaadio
systems.

In the study carried out by Evans, Morgan and
Tsatsaroni (2006), the authors worked with the giate
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"emotions” to understand the students’ practice of
mathematics of a classroom. The authors considered
emotions as socially discursive phenomena, beingdd

by relationships of power and constitutive of thozial
identity. In a similar way, we can say that thestens in

the discourses are socially organized, becausehhey a
more interpersonal origin than an individual one.
Following this point, the tension in the discourdegs not
represent the manifestation of some inner psychadbg
instance, but it is constituted through the contaobng
discourses that circulate and are legitimized () m the
social environment. However, the production of éhes
discourses does not happen freely, being socially
positioned and being part of their production ctinds.

In the study conducted by Doerr and English (2006),
the teacher manifested uncertainty in relation tactv
strategy the students could use to solve the pmobligring
the modelling task. This uncertainty refers to the
legitimacy of his/her action in this context, asalissed by
the authors, constituting the tension between the
implementation of the task and the uncertainty &bou
which solutions the students could develop.

Thus, the tension in the discourses was condfiiate
the contact among them. Without discourse, we danno
talk about the tension among them, because itsisodrse
that gives meaning to the situation that the teache
experiences. The tensions can only be produced wigen
subject identifies — by using words, images, symbel
different possibilities of action. Therefore, wesase that
the tension in the teacher's discourse is mandast®ugh
concerns, dilemmas and uncertainties, referringthi®
possibilities of actions, being identified as distve
phenomena.

Context and Methodology

The context of this research was taken from trs fi
experiences with mathematical modelling of three
elementary schooteachers from public schools in the
Northeast of Brazil. In the period in which the alatas
collected, these teachers were finishing a traipirggram
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for non-certified teachers at the State UniversityFeira

de Santana. In this course, the teachers wereviedah

the situation-problem approach and in the developroé
modelling projects, as well as in the developmeft o
modelling activity in their classrooms. As the posp of

the research was to understand which tensions are
manifested in the practice of modelling, the natofréhe
research follows a qualitative perspective (Deng&in
Lincoln, 2005).

The data was collected through observation of the
classes (accomplished through filming), intervieafter
each class and narrative about the classes, with ea
teacher. The analysis of the data was inspired by
Grounded Theory (Charmaz, 2006), with the intentibn
producing theoretical understandings based on the
collected data and orientated by the objective lod t
research. This analysis occurred in two phasesfitsig
involved the codification of the teachers' tensiongach
class and the second consisted of classifyingddesinto
more general categories. After that, we were able t
produce an understanding for the research problgm b
integrating the results in the literature.

The tensions in the teachers’ discourses in the prace
of Mathematical Modelling

In this section, we present the tensions expeggnc
by teachers when developing modelling-based lessons
The teachers organized the modelling environment
according to what Barbosa (2003) calls case 2;tlnero
words, the teacher presents a problem and the rdtude
should collect data and investigate them. The niiodel
project of two teachers was on “Basic food for alfid of
another teacher was on “Analyzing the water billhe
teachers organized the classes into groups for the
development of projects.

The identified tensions in the teachers' practices
were classified as following: the tension tbe students'
involvement the tension of theunderstanding of the
activity of modelling by studentghe tension of the
students' comprehension of mathematical condick the
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tension ofdeciding what to dan the modelling practice.
We are going to present each tension.

The tension othe students' involvemersgfers to the
concern related to the students' participation e t
activities.

Vitoria was the teacher who worked with the projec
"Basic food for all". She presented concerns reggrthe
theme to be focused in the modelling project, beeahe
had doubts whether the students would have intereéke
project. Thus, the tension of the students’ involeat was
constituted during the choice of a theme for thelationg
project. Vitoria suggested that there would be somoee
difficult themes and other easier themes to worth whe
students:

“First, | thought a project about the constructioh @
sports facility. Then, | thought that it would bery
difficult. My concern was whether the students wdug
able to develop the activity. After that, | thoughproject
about public transportation, but | found this towfidult.
Next, Ithoughta project about a vegetable garden, but |
didn’t know if | would be able to manage it. Howevay
biggest concern was with the class. Then, | begahibk
about a theme that would be easy for the(Rrom the
interview)

In this part of the interview, Vitoria voiced her
concern in choosing a theme that would guarantatethie
students would develop and participate in the ptoje
activities. Thus, the tension of the students’ lmement
was constituted in the concern involved in lookiog a
theme for a project so that the students wouldhterested
in the modelling activity.

The tension of theinderstanding of the activity of
modelling by studenteefers to the concern in relation to
the students understanding the activity so that it
guaranteed his/her accomplishment of it.

Maria was the teacher who worked with the project
“Analyzing the water bill”. She spoke to the resdwar
(first author) during one of the classes of thejgmbthat
the groups were not able to do the calculationsailse
they did not understand the modelling activitiddost of
the students are not able to understand the written

5



instructions for the activity” (From the observatjoin the
narrative, she said what happened: “They asked ane f
explanations about the activitfome students called me
and they said that they did not have any idea lwodotthe
calculations. One student asked her: ‘Which catmna
should | do?™ As the students did not understartthtw
they would have to do in the activities, it conged a
tension for Maria, because they were not able towkn
which mathematical content to use to solve themthid
situation could cause the accomplishment of theethod
activity to be difficult.

The tension of thestudents’ comprehension of
mathematical contemntefers to a concern about what the
students knew about mathematical ideas and algusith

Boli was the teacher who worked with the project
"Basic food for all". During the project’s classdsis
concerns and dilemmas referred to the comprehenisadn
the students would have about mathematical toplost
of the time, the students demonstrated gaps iexpected
mathematical knowledge for their grade level, fiegly
interrupting the development of the modelling pebje
activities. During a class, when Boli followed tgeups
that were developing the percentage calculatiomsafo
family’'s expenses, he was confronted with the theit
some students were not able to accomplish theityctin
view of that, he asked the students: “Did you study
proportion and percentage in the 6th grade, digatt?”
(From the observation). In the narrative of thiassl he
commented on what he observed: “I verified thatcasin
all of the students did not have any notion of petage or
the rule of three”. This situation constituted asien for
Boli, because he did not expect that the studentgdwnot
know the content. Thus, the activities could not be
developed. Because of that, he used part of theseda
destined for the modelling project to deal with the
students’ difficulties in relation to previous cents.

The tension ofleciding what to dan the modelling
practice refers to the dilemmas of which decisitmbe
made in a certain moment of the class.



In the interview, Maria related that she had come
across unexpected situations during the developraént
the modelling activities:

“Now, what am | going to do? Therefore, | have come to
talk with you (first author). At first, 1 thoughtf avater
consumption, but the concept of parameters andrtreat
came up. Several new things appeared that werenrtbe
original script. So | thought that to the studenis not
lose the enthusiasm, | had to give them attentrkeally,

at every moment that | had doubt, | had to ask: Now
where do | go nextqFrom the interview)

In this part of the interview, Maria referred toet
moment when she presented the activity to the stade
and she requested that they choose three items thhem
water bill to discuss with her. She did not imagihat the
students would choose other items besides the
consumption of water. So, then Maria had doubtsuabo
how to work with the various options presented byg t
students. These doubts generated the tension intbow
decide what to do for conducting the process, lsxau
unexpected situations appeared and Maria had to
accomplish actions. Due to these situations, Mtalieed
with the researcher (first author) after each cksd she
commented on the doubts and concerns that appeared
during the class.

These tensions presented through the teachers’
discourses were constituted by the difficulties,e th
concerns and the dilemmas involved in the developroe
the modelling activities. These aspects seem tr tefthe
legitimacy of the actions in the modelling pracsicef
these teachers, constituting the following tensions

— The tension othe students' involvement

— The tension of theinderstanding of the activity of
modelling by students

— The tension of thestudents’ comprehension of
mathematical content

— The tension otleciding what to dan the modelling
practice.

As the teachers developed a different practice in
their classes, they found new challenges to marnEge.



identified tensions are likely found in other type$
pedagogic innovations (and not only in math) asl.wel
“Understanding of the activity of modeling by stats

and “students’ comprehension of mathematical cdhten
tensions describe the teachers’ concerns about the
students’ interest in the task, mainly the compnsian
about what is to do and the application of previous
contents.

On the other hand, we noticed some concerns
seemly associated to Modelling such as the teacher
choosing real subject for modeling and discussimg t
parameters for a situation. The data illustrateat ths
tensions of students’ involvement and deciding wbato,
which addressed the presence of “real” situatioms i
classroom.

Discussion and conclusion

Thus, the analysis of the data suggests a diseursi
dimension for the tensions in the teachers' dismsuin
relation to unexpected situations that happen ia th
practice of mathematical modelling. This discursive
dimension manifests itself through the concerngnainas
and uncertainties referring to the possibilitiesagtions
being socially organized and constituted througle th
contact between discourses that circulate and tihasere
legitimated in the social environment.

As in the study of Blomhoj and Kjeldsen (2006 th
teachers from our study faced dilemmas that canett
specific tensions. Understanding the aspects tragtitute
tensions in the teachers' discourses in the madelli
practice can provide indications about how the leac
develops the pedagogical knowledge to deal withmthe
(Doerr, 2007) and the strategies used for the ntiadel
practice in the classroom (Chapman, 2007). In tuclys
we observed that the teachers had to accompligimadan
order to work with the situations that arose durthg
modelling activity. In this way, the tensions caglphthe
teachers in their professional development, siheg tan
produce actions, strategies and pedagogic knowl@uge
the accomplishment of a new practice in their ctza®s.
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As implications for teacher education in modelling,
it is important to approach the specific nature tiog
modelling and to bring the discussion on the pdssib
difficulties, dilemmas and tensions that can happéen
the teacher works with modeling by the first time.
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