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Abstract

The new school mathematics curriculum in Mozambique, introduced in 2008, is partly
competency-based and it advocates a more student-centred pedagogy. The most salient
innovative features are the incorporation of mathematical competencies related to the
development of students’ reasoning skills, including argumentation, justification and analytical
thinking, and the use of heuristic or inductive methods that promote meaningful students’
participation. These ideas are meant to overcome a focus on mastering mathematical techniques
and to change the social base of instruction towards more student involvement.

In the study, the curriculum innovations have been investigated at three levels, in the
official curriculum document issued by the state, in two commonly used textbooks that were
published after the reform, as well in the practice of five teachers working in schools from
areas in the south, centre and north of Mozambique.

After identifying the foundations for the innovation in the general goal statements of the
curriculum document, the re-descriptions of the innovative aspects throughout all sections of
the syllabus, which amongst others include lists of content distribution, detailed suggestions for
approaching topics and guidelines for assessment, have been investigated. The textbook
analysis comprises an investigation of how a range of topics is introduced in the expository
sections, at which level of formality the texts operate, and what types of tasks are proposed for
the students. The focus was on whether the mathematical principles were made explicit, which
relations between mathematical sub-areas and between school knowledge and everyday
knowledge are established, and how the reader is positioned in relation to the knowledge. The
investigation of classroom practice was one central feature of the study. This is based on the
view, that eventually what evolves in classroom interaction is the curriculum the students
encounter. Several lessons of five teachers were video-recorded and the data were
complemented by teacher interviews. The analysis in the study is based on a discursive
approach to mathematics learning and draws on some of the concepts of Basil Bernstein’s
sociology of education and related theories.

One outcome of the analysis of the curriculum document is that it does not resemble any
identifiable conception. The innovative aspects fade away in the detailed suggestions for
approaching the mathematical topics. There is a tension between the high degree of the
syllabus’ explicitness and the possible space for teacher interpretation, which might bring with
it the reduction of the teacher’s initiative in the classroom. It seems that there are different
ideologies behind the declamatory introduction section of the syllabus and the sections
detailing mathematical topics and lesson plans. The two textbooks analysed in the study
recontextualise the main innovative aspects of the curriculum in restricted and only slightly



different ways. Both books introduce a formal type of mathematics in most of the topics, and
the tasks include mostly closed questions, which do not include opportunities for comparing
different solution strategies and justification of the choices made. However, the relationship
between the text and the reader is framed differently in the books.

In comparison with other pedagogic practices reported in international comparative studies,
the observed lessons were generally strongly framed in terms of interaction, and the
mathematics appeared quite formal. A communal mode of interaction, where students often
answer in chorus, was characteristic for many lessons. This mode of interaction is in contrast to
the recommendation of incorporating individual students’ ideas. General cultural patterns of
interaction can be assumed to contribute to the observation of relatively strong hierarchical
rules in the classrooms. But in all teachers’ lessons there were occasions, when students’
contributions were valued and incorporated into the teacher’s lesson plan. Such more inclusive
moments often arose when the students’ everyday knowledge was involved. Another aspect of
the lessons observed, also due to the textbooks’ approaches, was a focus on or a quick switch
towards presenting mathematics at a high degree of formalisation after phases of student
involvement, while often at the same time accelerating the pace.

The shortage of resources, including a lack qualified teachers, which is partly a
consequence of the growth of pupils’ enrolment, imposes severe constraints on classroom
practice. Obviously, a more student-centred pedagogy, which attempts to involve students’
contributions in order to develop their skills in mathematical reasoning and argumentation, is
restricted by the schools’ limited resources, such as crowded Classes, too small classrooms and
lack of provision of auxiliary materials. There does not seem to be much research or reported
examples that offer some wisdom for classroom management in this situation. Taking into
account the specific historical and cultural context of Mozambique, much of what has been
written about curriculum reform, especially in relation to the teacher’s role, needs to be
calibrated.
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1 Introduction

1.1 Context

1.1.1 Education in Mozambique: Historical Notes

During Mozambique’s colonial past, the educational system was subdivided into two
subsystems: one for Portuguese’s children and children of “assimilated” people and another for
the indigenous people. The Portuguese Diploma Legislativo n° 238 of May 17", 1930,
emphasized the difference between the two subsystems: “The indigenous subsystem aims to
gradually raise the wild life of the native people of the overseas provinces into a civilized life
of the cult people”, whereas the primary school for non-indigenous intended to “give the child
fundamental tools of the knowledge and the foundations of a general culture, preparing them
for a social life”.

Language and the Catholic institutions played a major part in the oppression of the
Portuguese colonies. Cruz e Silva (1998) assigned to the use of the Portuguese language in the
educational system the role of disseminating the Portuguese culture. The link between the
official policy and the Catholic Church was visible in the educational system. The subsystem
for the indigenous population was under the responsibility of the Catholic missionaries.
Cardinal Cerejeira’s discourse in 1960 in a pastoral letter gives an idea how the Roman
Catholic Church was tied to and allied with the dominant class:

“Tentdmos atingir a populacdo nativa em
extensdo e profundidade, para os ensinar a ler,
escrever e contar, ndo para os fazer 'doutores'.
(....) Educa-los e instrui-los de modo a fazer
deles prisioneiros da terra e protegé-los da
atraccdo das cidades, (..) o caminho do bom
senso e da seguranca politica e social para a
provincia. (...) As escolas sdo necessarias, sim,
mas escolas onde ensinemos ao nativo 0
caminho da dignidade humana e a grandeza da
nacao que o protége.”

“We try to reach the native population in
extension and profundity to teach them to
read, to write and to count, and not to make
them doctors. (...). Educate them and instruct
them in a way that makes them prisoners of
the land and protects them from the attraction
of the cities, (...) the ways of common sense
and politic and social security for the
province. (...) the schools are necessary, yes,
but schools where we teach the native the
ways of human dignity and towards the
greatness of the nation that protects them.”
(Cited by Mondlane, 1995, p. 56)




In contrast to the tendency of the Catholic institutions, the Protestants were more concerned
with the Mozambican welfare and struggled for the preservation of the cultural and social
practices of their believers. Besides the Portuguese language they used native languages in their
rituals and schools and they taught not only how to count and to write, but they intended to
provide tools that helped the Mozambican to develop their intellectual capacities and
knowledge and build consciously on their national identity (Cruz e Silva, 1998).

This attitude provoked the discrimination of the protestant missions by the administration,
which created mechanisms to regulate and reduce their social and educational activities. The
quarrel between the Portuguese and the Protestants, particularly the Suisse Mission, reached its
zenith with the imprisoning of Protestant believers and priests and the murder of some
influential priests in the jailhouse. According to (Cruz e Silva, 1998) internal and external
pressure led to the abolition of the prescriptions for the “indiginato” (indigenous), and black
people had the opportunity to attain the official primary school. However, they had no chances
to enter secondary school. Therefore, the Protestant mission played an important role in
providing scholarships for secondary and university degrees, and at the same time intensifying
the school and theological training for their priests and collaborators (Cruz e Silva, 1998).

The positioning of the Protestant religion and in particular the Suisse church helped
building a patriotic and political consciousness in the Mozambican people. For example, in
1962 in Tanzania, the Mozambican created the FRELIMO (Frente de Libertacdo de
Mocambique), a movement that had several members educated by Suisse missionaries,
including its first president Eduardo Mondlane.

With the development of the war initiated in 1965 and the external pressure in the last
years of the colonial regime, the number of schools for native people grew considerably. The
idea was to form a Mozambican bourgeoisie sharing the capitalist ideology in order to help the
colonial system to abort the claim for independence. According to Mondlane (1995) the goal of
the education was to create an educated elite of Mozambicans with an attitude of servility.

In 1975, the year of independence, the rate of illiterate people was estimated to be 93%.
Only 1330 pupils were registered in the five existing secondary schools, two of which were in
Maputo and one in each of the cities Beira, Nampula and Quelimane. This means that only four
out of ten provinces had a secondary school, Grade 7 to 9 (1st Cycle) and Grade 10 and 11 (2nd
Cycle). Besides, there was only one university (founded in 1962 and granted university status
in 1968) that had enrolled about 40 native Africans at the time of independence in 1975, less
than 2% of all students enrolled at that time (Mario, Fry, & Levy, 2003).

Most of the Portuguese left Mozambique after the independence. In 1977, the government
closed the 2nd Cycle and some students who had been enrolled in grade 10 and 11 were sent to
occupy jobs left by the Portuguese in several economic, financial and social areas. At the same



time, several students were sent to the university in Maputo to attend teacher training or other
courses seen fundamental for the development of the country, and others to the former socialist
countries to attend courses that did not exist in Mozambique, but were considered crucial for
the development plans. Since then the educational system has undergone significant changes,
with literacy campaigns in the municipalities, increasing numbers of primary and secondary
schools and people mobilisation for sending their children to school. In the year 2003, the
literacy rate was estimated to be 48%.

1.1.2 Increased Enrolment in Education

Estimates from the latest census in 2007 indicate a population of about 20.5 million (10.7
female and 9.8 million men). There are different later estimates. The United Nations Statistical
Division reports for the 2010 a population of 23,390 million, the World Bank 21.585 million.
The last estimate for 2011 reported by the International Organisation for Migration (IOM) is
23,9 million, the one from the Central Intelligence Agency (CIA) for 2011 is 22,949 million
(11,789 female and 11,160 male). The country has a relatively “young” population, with about
46% younger than 15 years old (CIA), or 43.9% (IOM). This means that investment in schools
continues to be an important issue. According to a (UNESCO, 2007) report, between 1999 and
2005, primary school enrolment increased 36% in sub-Saharan Africa. The same report states
there was progress in gender parity at the primary level for example in Mozambique. However,
in 2004, about one third of the new entrants into primary education were two or more years
over-aged relative to the official entrant-age. In Mozambique, there is a strong negative
correlation (-0.4 or stronger) between household poverty and the primary school attendance
rate in both rural and urban regions. In contrast to many other places, in Mozambique the
increased access to primary school has not resulted in increased geographic disparities in
enrolment. Generally there is a low completion rate.

Despite the overall positive trend, adult literacy rates are still low. According to the
mentioned report (UNESCO, 2007), the efforts put in raising the level of education resulted in
a decrease in an average rate of illiteracy to 53,6%. There is a difference between the rural and
the urban area, namely 65.7% in the rural area and 30.3% in the urban area, consisting of 68%
women and 36.7% men (Mario & Nandja, 2005). This gender discrepancy partly has its roots
in the traditional culture in which woman were subordinated. Girls were not treated in the same
way as boys. They were neglected to the advantage of a brother if the parents did not have the
financial resources to send both to school. Although the educational system has achieved a
visible effect in improving the situation through providing more opportunity for education and
promotion of woman, much remains to be done.



The educational system in Mozambique is structured in elementary school, lower and
upper secondary school and tertiary education. The elementary school is free and compulsory
for all school-aged children (6 years old) and comprises seven years, the EP1 (Grade 1-5) and
EP2 (Grade 6/7). From there students may go to a general education or technical and
professional education. The general education system is divided into two levels: the lower
secondary education ESG1 (Grade 8 -10) and upper secondary education ESG2 (Grade 11/12).

The incidences of repetition in primary education declined from 24% in 1999 to 10% in
2005. Even if the enrolment is high and repetition has been reduced, the completion rate is still
very low. Mozambique among others such as Benin, Chad, Madagascar, Malawi, Mauritania,
Rwanda and Uganda belongs to countries in which the throughput rate to the last grade is
particularly low with fewer than half of pupils reaching the last grade (UNESCO, 2007). To
overcome the illiteracy scenario, primary schools are being built in all local sub-districts,
secondary schools ESGL1 in all districts and secondary schools ESG2 in all provinces. The
Ministry of Education and Culture’s recent statistics show how the educational system has been
growing (see Table 1).

Year | General Education Technical Teacher training
Education
EP1 | EP2 | ESG1 | ESG2 | ET | ETB | ETM | CFPP | IMAP’s | Institutes

1998 | 6114 381 74 13 3 23 7 13 4 -
1999 | 6605 448 82 18 4 23 7 12 4 -
2000 | 7702 522 92 20 6 23 7 11 7 -
2001 | 7480 685 | 105 23 7 24 7 11 7 -
2002 | 7788 823 | 116 27 7 25 7 11 7 -
2003 | 8077 950 | 125 29 11 | 25 7 11 7 -
2004 | 8373 | 1116 140 30 11 | 25 7 11 7 -
2005 | 8696 | 1320 156 85 16 | 25 7 11 9 -
2006 | 8954 | 1514 190 49 16 | 25 8 11 9 -
2007 | 9303 | 1842 255 58 13 | 27 8 11 9 -
2008 | 9649 | 2210 285 76 23 | 27 12 - - 21

Table 1: Number of schools by level of education, 1998 — 2008

Source: (AfriMAP & OSISA, 2012, s. 118)
ET — Elementary level; ETB — Basic Level; ETM — Medium Level with EP1 (year 1-5),
EP2 (year 6-7), ESGL1 (year 8-10), ESG2 (year 11-12). CFPP/IMAP’s are Teacher Training
Centres or Institutes for Primary Teacher Training Education




1.1.3 Effects of Increased Enrolment and Growth of Student Population

The structure of the population and the educational policy implemented in Mozambique create
conditions for the growth of the student population. Among others, the government mobilised
the parents to send their children to school, school fees were abandoned and the textbooks for
primary school were at no cost for pupils. Before fees were abolished, the mean annual cost of
school uniforms in Mozambique was more than three times the cost of fees paid per child
enrolled in the lower grades of primary schooling, and the cost of textbooks was twice that of
fees (World Bank, 2005). As the increase rate of number of schools was slower compared with
the growing rate of the student population, there are not enough teachers. There is a high pupil
teacher ratio at all levels of the education system, largest in the primary school as displayed in

the following table. There were no dramatic changes over the last 12 years.
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Figure 1: Pupil teacher ratio in primary education, 1998 — 2009
Source: (AfriMAP & OSISA, 2012, p. 135)




In order to minimize the impact of the rise in student enrolment on school quality, Mozambique
adopted the example of some other countries and shortened the period for the initial teacher-
training cycle to deliver an increased number of new teachers in a short time (Bentaouet-
Kattan, 2006).

However, there is a general problem with resources. Despite the government effort in
delivering textbooks to all pupils, a survey from (UNESCO , 2005) found that over half of the
grade 6 pupils in several African countries, Mozambique included, did not have a single book.
The same situation happened in other Classes, on the one hand because of financial problems to
publishing a huge number of textbooks, and on the other hand, due to the desolate state of the
roads as well as the rain period causing difficulties in the distribution of textbooks to remote
villages.

An additional problem is caused by HIV. According to UNESCO (2007), in Mozambique,
in-service teachers’ deaths increased by about 72% between 2000 and 2004; the HIV infection
rate among teachers was about 15% in 2002 and may reach 17% by 2015.

Despite the shortage of resources (including teachers), which is partly a consequence of the
growth of pupils’ enrolment, the number of students in general, as well as the percentage of
girls, has been growing every year in each section of the education over the last years. The EP1
has enrolled more than five times the number of students of the EP2, meaning that each five
graduates of EP1 have to compete for one place in EP2, which contradicts the educational
principle that the EP2 is compulsory for all children. The situation seems to be better in the
transition from the EP2 to the ESG1, but it deteriorates again between ESG1 and ESG2. The
worst situation arises for the ESG2 graduates.

The table on the next page (Table 2) depicts the new admissions in institutions of higher
education, comprising public and private universities or institutes, which are less than 30
altogether. If we sum up the number of pupils that finished each year and those from the
previous years and compare with the number of places at the institutions of higher education,
the picture shows a situation of high competition. For this reason the grade 12 graduates, after
having passed the national exams, have to sit admission examinations for higher education
institutions.



Year | public Private Grand Total

Female | Male Total | Female | Male Total | Female | Male Total

2003 319 1227 1546 925 1155 2080 1244 2382 3626

2004 1148 3468 4616 977 986 1963 2125 4454 6579

2005 1465 3793 5258 1792 1706 1963 3498 5499 8997

2006 4681 8818 | 13499 1993 2824 4817 6674 | 11642 | 18316

2007 10259 | 15747 | 26006 1728 2184 3912 | 11987 | 17931 | 29918

Table 2: New admissions, by sex and type of institution

Sources: (Ministério da Educacdo e Cultura (MINED) & Direccdo de Coordenacdo do
Ensino Superior (DCES), 2004, 2005, 2006, 2008, 2009)

1.2 Curriculum Reforms

The school curricula in Mozambique have experienced several transformations during the last
decades. The last process of reform started in 2003 with the primary school curricula, and new
curricula are being gradually introduced in the following grades.

The grade 8 mathematics curriculum and syllabus in Mozambique has been changed four
times after the independence of Mozambique in 1975. The content in the last three syllabuses
(Ministério da Educacdo, 1995, Ministério da Educacdo & DNESG, 2004 and INDE &
MINED, 2010) remained largely the same. But differently from the former two, in the last
document the specification of the objectives is subdivided into objectives for knowledge and
objectives for competencies.

Presently, the Mozambican primary and lower secondary school mathematics syllabus
covers the following topics: Number sets and operations, functions, equations and inequalities,
Euclidian and spatial geometry, trigonometry and statistics.

1.2.1 Official Reform Documents

This section begins with a synopsis of the research administered by the Ministry of Education
and Culture (MEC) and by the Ministry of Science and Technology (MESCT) regarding the
secondary syllabus.

A study (DINES & MINED, 2001) carried out for the design of the secondary education
(Ensino Secundario Geral, ESG) and teacher training reform strategies pointed out, amongst
other problems, the following aspects of the ESG curriculum:




o Weak vertical and horizontal links within the syllabus and between subjects;
e Highly academic and theoretical knowledge, not privileging practical skills that are
relevant to the labour market.

Similarly, MESCT in a report, cited by (INDE, 2005), about science and technology states that:
e the teaching and learning process is not integrated and students possess
compartmented knowledge, and
o the teaching and learning process is based essentially on memorization of concepts,
formulae and mechanization of procedures. The understanding of concepts and the
development of competencies through visualization, experience, deduction and
generalization are not common place characteristics in Mozambican classrooms.

The INDE (2005) document classifies the curriculum as a highly academic and
encyclopaedic that is designed at preparing students for further formal study in tertiary
education. In light of these conclusions, the Ministry of Education and Culture included in its
Educational Strategic Plan (Plano Estratégico da Educacédo) for 2005-2009 a curricular revision
of the secondary level (Transformagdo Curricular do ESG), with the main purpose to give
students useful skills not just for getting access to tertiary education, but also for their daily life
and for the labour market (MEC & INDE, 2007).

Since 2003 a reform process is taking place in Mozambique. It started from primary school
and was introduced in secondary school (grade 8) in 2008. As the scope of this study is the
reform for grade 8, the following discussion will include only the secondary school (ESG)
reform with a focus on this grade. According to MEC and INDE (2007).

the curriculum of the ESG should underline, amongst others, the following principles:

o learner centred teaching, where students have opportunities to confront opinions,
questioning reality and propose alternative solutions for problems;

¢ teaching and learning process based on competencies, through interrelation between
the content taught and its applicability in concrete situations at home and in the
community;

e interrelated teaching, through projects that relate different subjects areas and school
and out-of-school issues; and

e spiral learning, basing the new knowledge on students’ prior knowledge and
experiences.

The ESG comprises three curricular areas: Communication and Social Science, Practice
Activities and Technology, and Mathematics and Natural Sciences. Mathematics and Natural
Sciences is composed by the subjects: biology, chemistry, physics and mathematics. In
mathematics the students are expected to develop amongst others the following competencies:



o |ogical reasoning when working with concepts and procedures;

e communication capacity aiming at formulating definitions and proprieties;

o ability [“habilidade” means both skills and ability] to classify, relate, represent,
analyse, synthesize, deduce, prove and judge.

The outcomes in terms of competencies above are general and not related to any of the
subjects. The general principles and competences stated in the document for the new
curriculum in Mozambique reflect an international trend. The rephrasing of curriculum goals in
terms of more general and overarching competencies is partly based on a supposed lack of
relevance of school knowledge for many vocations, as stated above. Together with the new
focus on more general competencies, the curriculum suggests to introduce a more learner-
centred pedagogy. As the skill aimed at are not directly related to any particular knowledge
area and not very specifically described, these skills can only be learned through participating
in activities that afford them. That is, through providing opportunities for the students to
reason, argument and justify their opinions and give alternative solutions to posed problems.
Consequently, a more learner-activating or learner-centred pedagogy is suggested in some parts
of the curriculum.

1.2.2 The Grade 8 Syllabuses Before the Recent Reform

In order to understand the changes in the recent grade 8 mathematics syllabus from 2008,
which are the focus of this study, some features of the preceding syllabuses from 1995 and
2004 are discussed below.

1.2.2.1 The 1995 mathematics syllabus

The first secondary cycle syllabus, including grade 8, 9 and 10, was published in 1995 by
the Ministry of Education (MINED). The introduction gives the main foundations of the
subject, the weekly mathematics lessons and the content topics.

Among the basic principle, there are three directly related to the interest of the present
study (see the next section on the scope of the thesis):

e To motivate the students active participation in the teaching and learning process;

e To improve students thinking;

e To develop the following students’ abilities: to observe, to argue, to conjecture, to
prove and to evaluate.

In addition, according to the authors, the topics, which appear repeatedly within the three
years, are sequenced in such a way that the depth is increasing successively (“spiral” learning).
In doing so, the same topic may be dealt with at different moments, each time with a focus on



new relations between concepts and new notations. “Spiral” learning is also mentioned in the
latest reform.

In the following, some features of the 1995 grade 8 syllabus are detailed. The grade 8
topics are summarized in the first five paragraphs of the introduction section. In the last
paragraph the authors assume that the topics studied are the basis for the students’ learning in
grade 9.

In the next section the general objectives are stated, subdivided into “possuir
conhecimentos sobre” (possess knowledge about) and “ser capaz de” (be able of), with
difference being that in the first set of objectives the sentences include nouns for areas of
knowledge, whereas in the last the sentences start with a verb for an activity, for instance:

e Possuir conhecimentos sobre: (possess knowledge about)
o As quatro operagdes elementares no conjunto Q (the four basic operations in
the set Q)
e Ser capaz de: (be able of / have the ability to)
o Efectuar as quatro operagdes com numeros racionais (perform the four
operations with rational numbers)

Having the knowledge of something is thus translated into showing specific skills. Then the
syllabus shows a table including the content topics in mathematical terms and the number of
lessons allocated for each topic is depicted. The last section details the content in each semester
and gives the specific objectives and teaching-methodological suggestions for each topic.

1.2.2.2 The 2004 mathematics syllabus

The title of the syllabus is "Programa da disciplina de Matematica do 1° Ciclo do Ensino
Secundario Geral” produced by MINED/DINEG in 2004. Mathematics is here called “a
discipline”, associating a more academic view of the subject.

If compared to the 1995 version, there are slight differences in formulations in a couple of
sentences, a new introduction of the topic “Mondémios” (monomials) and a change of the
position of the topics “Sistemas de equac¢Oes” (systems of equations) and “Estatistica”
(statistics). Furthermore, the detailed topics are divided into portions for trimesters, in order to
accommodate the syllabus to the new school year organization. The inclusion of 10 lessons in
each trimester for revisions and evaluations is also new in this syllabus. The rest of the
document was kept exactly the same as in the 1995 version.
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1.2.3 The 2008 Mathematics Syllabus

The recent syllabus introduced in 2008, reflects a considerable difference in its conception,
and seems to aim at changing the educational paradigm common until then. To some extend the
new syllabus urges teachers to use approaches based on students’ discussions and dialogue and
on exploratory models that improve the development of their communication and reasoning.
The declamatory introduction part of the syllabus, which teachers rarely read, seems to want to
give teachers and students more autonomy to manage the inner logic of a pedagogic practice,
which is the control over selection of the contents in each proposed topic, the sequencing, the
pacing and the social base (Bernstein, 2000). However, although the authors of the syllabus call
attention to the fact that the methodological suggestions are not a prescription, the teachers may
feel bounded to the proposed sequencing in that section, because it is much simpler to follow
what is already made than to investigate and produce new lesson plans. In that way, what at
first glance seems to amount to a weakly framed discourse in the classroom may end up in an
explicit control over the internal logic of the pedagogic practice. This tension is to be further
investigated in the study.

Interpreting and enacting such a curriculum is not an easy task, if one takes into account
that the Mozambican teachers do not possess the appropriate knowledge base in teaching and
learning theories that underpin the curriculum. Additionally, it is not made clear in the
curriculum documents and in published handbooks aligned with the new curriculum, how to
put into practice what is stated about reasoning, learner-centred teaching, participative
classroom activities and related notions. Problems might be caused by teacher beliefs or
identities, their knowledge base, the high pupil/teacher ratio, lack of resources, lack of
pedagogical assistance from the schools and responsible institutions, the common practice of
teachers to run between schools in order to increase their low salaries, and many other factors
that might compromise the successful implementation of the curriculum. However, some
problems might already be built into the structure and content of the official curriculum
document itself.
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1.3 Scope and Outline of the Study

Looking at the new grade 8 syllabus document, two innovative aspects of mathematics teaching
and learning that are more or less visible throughout the text (which amongst others includes
goals, method suggestions, lists of content distribution, guidelines for examination) called my
attention as a mathematics educator:
e the incorporation of mathematical competencies centred on the development of
students reasoning,
o the use of heuristic methods and procedures that help students to construct their own
knowledge and foster understanding and meaningful engagement with the contents.

I was enthusiastic about these changes because they reflect a component of the teaching
process that has been important for me during my career of 37 years as teacher and lecturer in
different educational subsystems, particularly over the last two decades after my first
attendance in a conference about education. Being acquainted with mathematics classrooms in
Mozambique, | decided to investigate to which extend these two principles and other related
similarly ambitious ones, as well as the pedagogy on which they are based, are actually being
enacted in the classroom.

The success of the ambitious grade 8 syllabus relies on teachers having access to, read,
discuss and learn about the new curriculum materials in order to develop expertise in the
proposed content and pedagogy. Consequently, the change of classroom practice and
environment proposed by MEC, in particular those that refer to learner-centred teaching and
students’ critical construction of knowledge must be intimately linked to the model adopted in
teacher training institution. Therefore, a study about how the teacher training institutions adapt
professional development to the new curriculum would shed some light on the whole process.

Besides this, several other factors impact the ways in which the set of materials that
includes both content descriptions and instructional guidelines may be used in and affect
classroom practice. The diagram below depicts some factors: official documents, support from
teacher training institutions, supporting materials and manuals, school culture. In addition,
material resources, national examination requirements, teacher and students’ cultural norms are
aspects to be taken into account as further influences from “outside” the classroom. The
diagram (Figure 2, next page) is meant to indicate what could have been studied, in addition to
the dimensions investigated in this study. It does not claim in any sense to be comprehensive in
any sense. The terms “enacted” and “intended” curriculum are taken from Porter and Smithson
(2001).
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Intended Curriculum
Official documents
from INDE/MEC
Incl. assessment
standards

Teacher related
professional
education, identity,

Enacted Curriculum
Classroom activities
learners encounter in

Culture related
e.g. authority
relationships, gender

support from relation to positions,
institutions, curriculum goals social structure
textbooks

School related
e.g. resources,
location, student
intake, time-table,
school culture

Figure 2: Influences on the enacted curriculum (MEC: Ministry of Education and
Culture; INDE: National Institute for Education Development)

The study of classroom practice is one central feature of the study. This is based on the
view, that eventually it is the decisions the teachers make before and during teaching
mathematics lessons and what evolves in classroom interaction that form the part of the
“curriculum” the students encounter. Also, it is not entirely clear whether the “intended”
curriculum is a coherent construction, which can be easily described and evaluated, and then,
“compared” with classroom practice. The study also includes a detailed analysis of the official
curriculum document and its interpretation by textbook authors. The curriculum document
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itself is of interest because it provides the base for measures taken by other agents involved in
the field of mathematics education. The official document is produced in Mozambique by the
INDE (National Institute of Educational Development) and it is intended to regulate what
should be taught and it is supposed it should be a tool that the future teachers should be made
acquainted with in teacher training institutions. As in many other places, textbooks have a
prominent position in lesson planning, but also as a resource for student work, mostly in the
form of tasks taken from the book. Other factors are not immediately related to the reading of
the document, but have to be taken into account in any discussion of the outcomes of the study.
The study reported in this thesis can best be described as being carried out in three phases:

1) In the first phase the main curricular documents of the ESG, particularly the
Curriculum and the grade 8 syllabus were investigated. The focus was on
identifying the main innovations and looking how these were phrased or
contextualised in different sections of the document. This is because the document is
quite complex and also big, including general sections, but also very detailed
suggestions for the teachers.

2) The second phase was concerned with the textbooks published after the
implementation of the new curriculum, and aimed to investigate to which extent the
textbooks recontextualise the official curriculum referring to the innovations.

3) In the last phase mathematics lessons were observed, complemented with teachers
interviews. As the new paradigm projected by the curriculum implies a change of
traditional classroom practice the concern was to observe how the teachers balance
their practice between the curriculum tradition from before the reform and what they
interpret as the renewal envisioned by the curriculum.

The results of the study are presented in the subsections of Chapter 5 in this order. Before this
presentation, there is information about the context as well as some motivation for the research
questions posed in the study and for how they will be approached provided in Chapter 2.
Chapter 3 presents the theoretical underpinnings of the project, followed by Chapter 4,
detailing the research questions and methodology. Finally, Chapter 6 provides a discussion of
the outcomes in relation to the wider field.
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2 Background of the Study

In the following some previous research that is related to the study will be discussed in order to
provide a background for the research interest and the questions posed. As there are many
different areas of research relevant for the study, this is not a comprehensive review of related
literature. It will be in the discussion of the outcomes (Chapter 6), where the outcomes with
respect to the different phases of the study, that is the different dimensions of the
problematique, will be related in a more comprehensive way to related literature in the field.

2.1 Classroom Practice in Mozambique

In Mozambique, as in many countries, the use of what in many contexts has been called
“traditional” practice in classrooms is a common sight, where the teacher is in the front of the
classroom and delivers more or less in the form of a lecture general methods and more specific
techniques and formulae, followed by presenting a prototype task, in which these are applied.
The students are expected to be listening to the teacher and at the same time writing in their
notebooks what the teacher is writing on the board or the notes dictated after the explanation. It
is not common that the teacher expands on the reasons for using a certain procedure and why it
works, or if so, the students tend to not pay attention to these reasons (Fagilde, 2002; Huillet &
Mutemba, 2000; Mutemba, 2002). Roughly similar practices have been identified in other
countries, as for example in the United States (Stigler & Hiebert, 1999), or in Germany and
Hong Kong (Jablonka, 2004). However, it cannot easily be claimed that such patterns are
“national scripts” (Clarke et al., 2007), as there might be big variation within a country. In
addition, for Mozambican classrooms, Fagilde (2002) reported a ‘“one-way form of
communication”. In the observed classrooms, teachers raised and often answered immediately
their own questions, or they uttered incomplete sentences that were supposed to be completed
by the students. The majority of these elicitations are categorized as choice or product
elicitations according to (Mehan, 1979). The former ask students to agree or disagree with the
teacher’s utterance and the latter invite students to recall facts. The questions answered by the
teachers themselves can be seen as rhetorical questions, posed without the expectation of a
reply. These “rhetorical questions” that are used to emphasize aspects of the content were also
reported by (Jablonka, 2002) as a practice in classrooms in Hong Kong. In classroom studies in
Mozambique it is reported that generally the questions posed were directed to the whole class,
and the answers were mostly given in chorus, often in monosyllabic words. Fagilde (2002)
concluded that teachers did not give students the opportunity to speak. Their participation is
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limited to utter isolated words, agree with the teacher statements or complete sentences
initiated by the teacher.

Much of what has been reported from Mozambican classrooms, matches the description by
(Mehan, 1979), that is, that students are not exposed to approaches where they can interact with
teachers and peers providing opinions or interpretations, justify and argue their opinions, or
challenge their peer’s utterances, and the teacher does not provide process or metaprocess
elicitation. Often in their discussions, students use incomplete sentences, everyday language,
isolated words or gestures when the needed expressions are not found. However, their
expressions might be understandable for their classmates, which shows what (Pirie, 1998)
called the shared correct understanding. Students’ struggles with expressing their mathematical
thoughts in Mozambican classrooms, are exacerbated by the fact that the language of
instruction (Portuguese) the second language for most of the students in Mozambique,
especially in rural areas. Popov (1996) undertook a study with Mozambican students in the
subject biology and asserted that the language spoken in the classroom definitely is an obstacle
for the understanding of the scientific concepts. He reported some examples of
misinterpretation of words by the students. A couple of other researchers have shown that
linguistic fluency and mathematical processing is related, especially when students are asked to
interpret and translate descriptions of problems or daily life situations into mathematical
descriptions, as for example Prakitipong and Nakamura (2006).

Due to the Mozambican teachers’ attendance of education conferences and participation in
discussions forums, there is a growing community of teachers, who want to give more space to
students’ participation in classroom activities, for example through creating opportunities for
discussions with and between students. As some of these initiatives reflect the changes
envisaged in the new curriculum, it would have been good to involve such groups of engaged
teachers in its construction. However, this was not the case.

The classroom size, general shortage of resources, teachers’ qualification, financial
problems that cause many teachers to teach in a couple of different schools, and the teachers’
interpretation of curriculum documents, are some of the constraints that may be obstacles for
the multiplication of ideas that include a change in classroom practice towards more student
participation.

2.2 Mathematical Reasoning as Specialized Discourse and School Mathematics

Reasoning is in research in mathematics education often conceptualized as a mental process
that aims to justify or explain a statement, a conclusion or an action. When a student solves a
task, a cognitive process takes place that leads the student to draw conclusions or inferences
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that support his (her) plan of action. In doing so, the student is reasoning about the task in order
to get a solution of the problem at hand.

In line with others, Fischbein distinguishes two components of mathematics: formal and
informal mathematics (as cited in Viholainen, 2008, p. 8). The formal is a deductive rigorous
body of codified knowledge constituted by elementary concepts or definitions of new concepts,
rules, axioms and theorems and their proofs. Conversely, the informal side of mathematics
involves intuition, evaluation of evidence, association of ideas, images and representations, to
support a claim. The formal is part of the written mathematics discourse used in the
presentation of the results. In the context of discovery, mathematicians use a variety of
informal reasoning strategies (Burton, 2004).

Research into formal reasoning involving well-structured problems that are solved though
application of rules, relations between concepts, procedures and methods has been undertaken
for some years, whereas studies concerned with informal reasoning started more recently
(Brickell, Ferry, & Harper, 2002). Informal arguments are ill-defined and require evaluations of
evidence related to the problem to support the claims or conclusions. The information relevant
to the evaluation of informal arguments may not be explicitly given or not clearly defined in
the problem, and there is a need to find other sources to hold up the conclusions (Galotti,
1989).

However, in line with others Anthony and Walshaw (2009) point out that the connotation
of concepts in the specialized language of mathematics is different from those of the everyday
language. This might obstruct the students’ understanding of mathematics as a specialized
discourse. Studies about more specialized mathematics such as calculus, for example, show that
the connotation of the terms like “approaching”, “coming closer to” might be a hindrance to the
complete understanding of the concept of limit of functions (Tall & Vinner, 1981; Monaghan,
1991). However, Bergsten and Jablonka (2010) classify such descriptions (for example of
graphs of functions) as “expressive domain text”, meant to express difficult specialized
meanings in a less specialized language. Similar problems arise when students solve word-
problems (Gellert & Jablonka, 2009).

Within Mathematics classroom teacher and students are supposed to be engaged in
mathematical discourse. According to Sfard (2000) mathematicians advocate a rigorous
discourse that is independent from the interlocutors’ judgments and preferences. Contrary, the
classroom discourse is expected to be less rigorous and disciplined. Furthermore, she brings to
the debate the incongruence between abstract meanings and structures and the concrete and
particular contexts allied to everyday discourses. Jablonka (2009) points out that eventually the
formal rigorous mathematical discourse is privileged in secondary education, but that this fact
can remain hidden to the students.
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As a formal language referring to abstract meanings is not immediately accessible,
academic mathematics practiced at higher institutions by mathematicians has to be modified
through a process of recontextualisation into more weakly classified content and forms of
expression for school mathematics purposes.

In the discussion that preceded curriculum reform in Mozambique, it has been stressed that
it should grant that the students’ experiences and prior knowledge are not avoided. According
to some general goals stated in the new curriculum, the relation to students’ daily live and
experience has to be made stronger. Thus it will for example be of interest, in which way these
aspects are phrased in the curriculum documents, how they are recontextualised in textbooks,
which parts of the books are more formal mathematics, which status applications are supposed
to have. Further, it will be of interest, how mathematics teachers move between different
domains of knowledge and how they in general recontextualise the new curriculum in their
classroom practice.

2.3 Cultural Influences and Classroom Culture

As was said before, the 2008 curriculum exhibits two innovative features: the incorporation of
mathematical competencies related to the development of students’ reasoning, including
everyday contexts, and the use of heuristic methods and procedures that promote meaningful
understanding of the content. It tries to overcome a focus on mastering mathematical
techniques and also intends to change the social base of instruction from lecture type to more
students’ involvement. The new curriculum is meant to guide a reform of teaching practice. As
the curriculum reform is influenced by values imported from mathematics education in other
countries, some of the underlying values might be in conflict with cultural traditions in
Mozambique. Consequently there might be cultural tensions that have to be taken into account,
in addition to curriculum traditions (“traditional teaching of mathematics”), and lack of
resources (classrooms small in size and with a lot of students). This issue influenced the design
of the study, that is, to include classroom observation.
Education is not an isolated practice, but influenced by cultural tradition and religion. Informal
education is based on attitudes, values and norms that are shared by large sectors of society in
general and by the family in particular (Francisco, 2005). These attitudes, norms and values are
passed on from generation to generation through socialization from an early age (Edwards &
Westgate, 1994), either through explicit sanction (mostly negative sanctions if the expected
behaviour does not occur), or implicitly (W. P. Robinson, 1973).

Sacial relations in Mozambique between adults and children and among children are in
general hierarchical according to age, status and gender. In Mozambique such as in other
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African countries children are educated to respect and obey the older people without
questioning. Students are therefore more likely to speak in the classroom only when they are
asked for by the teacher and do not attempt to say more than necessary as this could be
considered bad conduct. It is not valued to question or disagree with the teacher, as this would
be viewed as impoliteness and insubordination. Serbessa (2006) attributes the dependence and
passivity in school to informal education at home or in religion institutions and states that
students themselves might see an approach that encourages them to discover and construct
knowledge as a result of a teacher’s failure to do their job properly, or as evidence of teacher’s
ignorance.

“Criangas de Pebane andam com a boca algemada” (Kids in Pebane with cuffed mouth) is
the heading of a newspaper article (bantulandia, 2008). The columnist starts the piece saying
that the adverb “never” is always in the kids’ mouth, when they are asked if the parents,
teachers or other adults ask for their opinions. The interviewed children, all but one studying in
primary or secondary school, said that “it is not usually the case that my parents talk to me”,
“they only talk to me when they are interested that I do something”, “they don’t give me space
and don’t give me time to speak”, “my mother never asked me what I want to eat” and “the
‘uncles’ of the government have never asked us about our lives: school, health, gardens,
programs broadcast on radio, etc”. This means that the children feel their opinions are not taken
into consideration as summed up by a female teacher, “In our culture the view and the kid’s
opinion are underestimated”, and added ‘“Preconception has no status, some teachers and
government authorities undervalue the kids”.

There is also a hierarchy in Mozambique based on gender and the roles assigned to boys
and girls. The role of the girl is to stay at home taking care of the family (cook, wash the family
clothes, keep the house and clean, etc) and wait for the marriage with a man chosen by the
parents. Unlikely, boys work outside and realize “most heavy” jobs. These values and practices
are cultural references transferred to school and the other spheres in the society. Examples are
the nearly absence of girls in charge in Mozambican classrooms (Os6rio, 2007) or even in the
Mozambican government or in parliament, where there are 17% and 30% female, respectively
(Osodrio, 2004). Girls often do not express their thoughts, since they were not supposed to be
heard in public places.

As far as religion in Mozambique is concerned, traditional religions are most common,
followed by Catholics, Protestants and Muslims. The Catholic religion is dispersed throughout
the country mainly in the urban areas and in the central provinces, whereas the strongest
Muslim communities are located in the Northern provinces, particularly in Niassa and
Nampula, and along the coastline, Protestantism is most common in the south, according to the
National Institute of Statistics. Religious education clearly has a strong impact on the lives of

19



people in their everyday practices, their worldviews and their conceptualizations of good and
bad (Poluha, 2004).

Cultural values and norms, together with the associated behaviour expectations, might be
more or less shared by school members in the same area and form a large part of what might be
called general school culture. There were no incidents of cultural conflicts within the schools,
in which the classrooms under study were located. The term culture here refers to a set of
behavior, norms, customs and beliefs shared by a community (Raywid, 2001). These are
usually not written, and are formed and reinforced by teacher and students interactions and
passed from one to another member by imitation. New teachers usually adapt the shared norms,
values and beliefs through the participation in the community.
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3 The Theory Background

For the purpose of describing how the content and the pedagogic suggestions from the
curriculum appear in the textbooks and in classroom practice, it is necessary to have a
framework that captures these different levels. The theoretical model of Basil Bernstein is in
this context an obvious choice. Bernstein (1996) formulated a model that attempts to
understand the organization and distribution of knowledge in all kinds of pedagogic practices.
This model is not restricted to schools, but it is applicable to any context where transmission
and acquisition of knowledge takes place, which seems to be all contexts where there is an
obvious hierarchy between an expert and a non-expert. This asymmetry in expertise and
consciousness, or identity, needs to be taken as the definition for a pedagogic discourse. The
notion of the “pedagogic device”, which is meant to explain the relations between the
production, organization and reproduction of knowledge and consciousness, from the macro-
level to the micro-level, is very complex. The main interest of this theorizing was to understand
how social and cultural reproduction works through education. However, the research questions
in this study are not directly linked to social reproduction. Consequently, only parts of the
complex theory will be attended to. These are only those parts that deal with pedagogic
discourse and with knowledge recontextualisation.

According to Bernstein (1973) the educational knowledge includes a three component
message system: curriculum, pedagogy and evaluation, referring to what counts as a valid
knowledge, what counts as a valid transmission of this knowledge and what counts as valid
legitimated text on the part of the acquirers. Bernestein (1990, p. 181) describes the pedagogic
discourse as “a principle for appropriating other discourses and bringing them into special
relation with each other for the purposes of their selective transmission and acquisition”. So the
pedagogic discourse is not really a discourse (in contrast to the discourses produced in the field
of symbolic production, e.g. by mathematicians at the university). The pedagogic discourse is
constituted of an instructional discourse, the competencies or skills to be transmitted, and the
regulative discourse, the forms of hierarchical relations in the pedagogic practice and the rules
and norms of conduct and behaviour. Bernestein (1996) defines pedagogic discourse as a set of
rules or procedures for the production and circulation of knowledge within pedagogic
interactions. The pedagogic discourse includes two analytically separated discourses: regulative
and instructional rules. The former embodies moral values, attitudes, political ideology, norms
of social conducts, school policies etc. that regulate the form of how knowledge is transmitted.
Here is for example included the nature of student-student and teacher-student interactions or
the degree to which students’ contributions are taken into account in the classroom. The
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instructional rules refer to what knowledge and competences related to the subject are
transmitted. One central claim is that in the pedagogic practice the instructional discourse is
dominated by the regulative discourse. The logic of the transmission of the knowledge cannot
be derived from the internal logic of the knowledge itself. That means, the pedagogic discourse
is derived from political decisions that derive from power relations outside the pedagogic
practice. These decisions deal with the distribution of different types of knowledge to different
groups.

According to Bernstein (2000) the pedagogic device is a system of rules that regulate the
processes by which specialized knowledge is transformed to become a pedagogic discourse,
which normally has a form of curriculum documents, textbooks and classroom interaction. It
operates through three internal hierarchically interrelated rules: distributive rules,
recontextualising rules and evaluative rules, which govern the discourse that is available to be
transmitted and acquired. The distributive rules regulate the power relation between different
groups by distributing different forms of knowledge and constitute different forms of
consciousness within different forms of practices. The recontextualising rules regulate the
generation of a specific discourse for the transmission, the pedagogic discourse, whereas the
evaluative rules constitute specific pedagogic practices.

The aforementioned rules are linked to specific fields or arenas: the field of symbolic
production, the field of recontextualisation and the reproduction field. The existence of each
field relies on the existence of the others. The recontextualisation field may not exist without
the production field, or the reproduction field without the recontextualisation field (Singh,
2002). The recontextualisation field, in most places, comprises two sub-fields: the official
recontextualising field (ORF) including specialized agents employed by the state and local
educational departments as technicians, researchers and inspectors, and the pedagogic
recontextualising field (PRF), encompassing lecturers and researchers of university
departments of education, readers, advisors and publishers of specialized media of education
(Bernstein, 2000). In the course of knowledge recontextualisation, the specialized knowledge
produced in institutions, such as universities and research institutes, is moved from its original
site to a pedagogic site, by actors who reinterpret macro-level policies, select the existing forms
of knowledge, the theories of learning and pedagogy, with the goal of turning knowledge more
accessible for the context of schooling (Bourne, 2008; Jephcote & Davies (2004). Jephcote and
Davies (2004), assert the recontextualisation workers in the pedagogic field act according to
their ideologies, values and beliefs, which mean that they may have a relative autonomy and an
independent effect on pedagogic discourse. These three fields and the respective rules
constitute a social space of continuous conflict, with the social groups attempting to appropriate
and dominate the pedagogic device in order to impose their rules and shape the social division
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of labour and the social relations within the fields (Bernstein, 1996). Macken-Horarik’s (1998)
and Martin’s (1999) studies about the tensions between critical or genre approaches to
pedagogy are examples of these struggles (as cited by Singh, 2002, p. 6). In mathematics
education, there are different curriculum conceptions, which can be described as hybrids that
are a result of ideological struggles (Jablonka & Gellert, 2010).

The official pedagogic discourse produced by the ministry of education or similar agencies,
shapes the government policy on education. It regulates the curricula, the inspection and the
examination criteria. Furthermore, it establishes social relationships between central
government agencies and policy-makers (the macro-level) and all intervenient in the
educational process such as curriculum developers, textbooks editors, researchers, teacher
trainer institutions (meso-level), school administrators, teachers and students (micro-level).
Likewise, it defines boundaries between different subject areas, sorts of institutions and
categories of students. In the field of reproduction, teachers and students work together in the
recontextualising of knowledge in the context of schools or other learning environments,
bringing in their home or other community of practice discourses. In the pedagogic practice the
knowledge may be further personalized.

To characterize the educational knowledge at the level of transmission in the pedagogic
practice (the pedagogic discourse), Bernstein used the concepts of classification and framing.
The distinction is derived from a distinction between power and control. Power is defined in
terms of the boundaries it creates between categories (discourses, spaces or actors). Power can
be seen through how it creates, legitimizes and reproduces distinct relationships between the
classified categories. In other words, power is defined by classification as it identifies how the
boundaries between categories are marked, or relations between categories are established
(Morais, Neves, & Pires, 2004). Framing refers to the control for socialising agents into these
relations, and it establishes legitimate forms of communication appropriate within the different
categories.

At the level of transmission of knowledge in the pedagogic practice, classification can for
example refer to the extent to which the subjects are interrelated and how weak or strong the
boundary between the different areas of knowledge is. In addition, the relationship between
school knowledge and home knowledge can be more or less strongly classified, that is, more or
less blurred. It can also refer to the classification between the agents, that is, the teacher and the
students. The concept of framing refers to the degree to which students have (apparent) control
of the rules of the pedagogic practice. It means how much they or the teacher possess the
control over the selection, sequencing, pacing (rate of expected acquisition) and evaluation
criteria for the knowledge transmitted and received in the pedagogical relationship, and the
degree of control over the form of communication and its social base (Bernstein, 1996). The
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latter refers to the framing of the regulative discourse (or to the hierarchical rule), while the
first four dimensions concern the framing of the instructional discourse. The students’ control
is labelled only apparent, according to Bernstein, because the asymmetry between teacher and
student and the difference between official school knowledge and home culture cannot be
circumvented, it only can be camouflaged. Such a camouflage amounts to a pedagogic practice
with weak framing and classification, which Bernstein called “invisible pedagogy”. In contrast,
visible pedagogies are characterized by strong classification and framing. Generally, the
stronger the framing the more visible is the pedagogy, meaning that the regulative and
instructional rules are explicit and the teacher has control over the discursive rules. In an
invisible pedagogy, the regulative and instructional rules are more implicit. On the side of the
learner, the different combinations of classification and framing translate into recognition and
realization rules. For successful participation, the learner has to recognize the specificity of the
context (the principle for its classification) and also understand what is said or done and be able
to produce a legitimate contribution. The latter is concerned with how the meanings are to be
put together (framing), that is, with understanding and producing the legitimate text.

Bernstein shows how different pedagogic modes, or codes, are contributing to social
reproduction, as they systematically advantage students from different social Classes. There is
a similarity in all societies in the form of how meanings are more directly or only indirectly
related to a material base (Bernstein, 2000). Meanings may relate to a material (everyday,
mundane) base or to an immaterial (transcendental) world (Singh, 2002). From these are two
types of knowledge generated: the common/mundane described by Bernstein as horizontal
discourse and the esoteric/sacred knowledge described as vertical discourse.

In this study, there is a need to further differentiate the external classification of the school
mathematics knowledge, that is, the relation between everyday knowledge and abstract
mathematical knowledge. For this purpose one element of Dowling” (1998) theorizing has been
introduced, even if this element is theoretically not fully compatible with Bernstein’s notion of
classification. The theoretical incompatibility stems from the fact that the notion of
classification is here not defined as coming from relations between discourses, but from within
discourses (Dowling, 2009). Dowling’s (1998) space of domains allows a more differentiated
description of “classification” of mathematics texts since it is possible to distinguish between
expressions and content. Therefore, mathematics texts may be considered weakly/strongly
classified in terms of form of expression or/and weakly/strongly classified in terms of their
signified content. Based on these two dimensions Dowling constructs the relations depicted in
the Table 3 on the next page. Strong/weak classification is noted with C+ and C-, respectively.
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Content

Mode of expression

C+

C+

C-

Esoteric domain

(universe of highly specialized, abstract
mathematical statements, which might
be elaborated either as a set of
principles (relational) or as a set of
procedures (instrumental)

e.g. Solve for x: 18x+92=137.

Expressive domain

(universe of mathematical statements
which are unambiguously mathe-
matical in content but are couched in
relatively unspecialized language)

e.g. Here is a machine chain. What is
its output?

Descriptive domain

(universe of mathematical statements
which appear from language in which
they are couched, to be mathematical,
but where the content is not so. This
arises when specialized mathematical
expressions are imposed on non-
specialised content)

e.g. A café orders p white loaves and
q brown loaves everyday for r days.
What does the expression (p+q)r tell

you?

Public domain

(universe of mathematical statements
which  are  not  unambiguously
mathematical, either in terms of the
content that they refer to, or in the
language which is used to do this)

e.g. What is the bill for buying 1 kg of
bananas at R7 per kilo, and a bag of
oranges at R10 per bag.

Table 3: Domains of school mathematics (Ensor & Galant, 2005, p. 292)

However, the scheme is a static description. It might not be clear how to distinguish public
domain from expressive domain independently of the context in which this occurs. As the in
one aspect weakly classified domains are used to provide a route into the esoteric, their status
might change in the course of classroom interaction when new content is developed. In the
given example it is clear as the signified is an abstract “machine” that is used as a metaphor for
an operator. But in many examples in textbooks, the metaphors are taken from domestic
practices. The model represents four domains of practice within school mathematics. In the
esoteric domain text the content and the expressions are mathematical. The specialised signs
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refer to meanings within mathematics and not to the mundane. The public domain looks like it
would be about everyday practices, but from the perspective of school mathematics,
occasionally including non-specialised mathematical expressions. Usually such texts appear
when students are to practice applications of a previously acquired method, or when new
knowledge is to be derived, based on mathematisation (or modelling) of non-mathematical
phenomena. Descriptive domain text includes expressions with technical mathematical
language, for example, using conventional algebraic symbols, but the related content being
non-mathematical.
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4 Research Questions and Methodology

4.1 The Research Questions

The new curriculum introduced in 2008, reflects a considerable difference in its conception as
compared to the earlier versions, and seems to aim at changing the educational paradigm
common until then. To some extend it urges teachers to use approaches based on students’
discussions and dialogue and on explorative methods that foster understanding and meaningful
engagement with the content. Further, some general competences that include skills for
argumentation, justification and reasoning have been incorporated as goals.

The general aim of the study was to obtain supporting evidence for the nature and place of
these innovative aspects in the official Mozambican grade 8 curriculum and in its
recontextualised forms in textbooks and classroom practice. The innovative aspects can be
summarised under the label “mathematical reasoning”, as this includes aspects of both means
and ends. The study investigated the following questions:

e What does the official curriculum valorize concerning mathematical reasoning and
how are the power and control relation between the Ministry of Education and the
teachers as intended readers established?

o How is the official curriculum recontextualsied in textbooks and classroom practice?

e What are the possible factors influencing the ways of the curriculum
recontextualisation by teachers and students?

The overall goal was to identify to which extent the proposed innovations imply changes in
mathematical discourse at the different levels of curriculum.

4.2 Data Generation

I use the term data generation instead of data collection, following the idea that the data are not
there to be discovered, but the process involves researcher judgments and the interaction
between the researcher, the participants and the milieu (Guba & Lincoln, 1989; Mason, 2002).
For the purpose of this study different data was generated in relation to the different
research questions. As the questions already state the sites or objects of the research
(curriculum documents, textbooks, classrooms) in focus, there were some obvious choices. In
line with the questions, the study was conceptualised as an exploration of the discourse present
in the curriculum documents, textbooks and classroom practice. The latter was accessed
through observation (video-recordings, field notes) and complemented by teacher interviews
(audio-recorded). Classroom observations and teacher interviews were transcribed.
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4.3 Selection of the Cases
4.3.1 Textbooks

As far as | know, in the last three decades only three Mozambican grade 8 mathematics
textbooks were produced, three of which printed after 2008, that is, after the new curriculum
has been introduced. The books have been published by different publishers and all the newer
ones have phrases like “New curriculum for the secondary school” printed on the book cover.
The authors of those textbooks are secondary teachers.

The government institutions, namely the Ministry of Education (ME) and the National
Institute of Educational Development (INDE), do not control the quality. In addition, there has
been aggressive marketing undertaken by the publishers in schools, which do not have an
organisation or criteria to evaluate the scientific and pedagogic quality of the textbooks. It often
happens that schools adopt in the same discipline two different textbooks in two consecutive
years. The parents’ lack of knowledge which textbook is currently used and often the costs
prevent them to buy the textbooks. Therefore, few students possess a textbook. However,
teachers use textbooks to prepare their lessons and to extract exercises in the classroom, and
some schools have some of the textbooks in their libraries. Based on this information, both new
books were chosen. The choice was also based on some more communicatory information
about their common use. After the selection of the teachers for classroom observation, it in fact
it turned out that all but one of them used one of these books. The selected textbooks were
“Saber Matematica” (Sapatinho & Guibundana, 2009) and “Matematica 8* Classe” (Langa &
Chuquela, 2009). Both books look rather similar in quality and layout, as did the other one,
which | did not select. The textbooks have a resistant and coloured cover, the text contains
pictures, graphs and diagrams and they have a table of contents on the first page.

4.3.2 Classrooms

As it was assumed that the overall school culture and the location of the schools influence
classroom practice, the classrooms were chosen from different schools in different areas.
Consequently, the schools were chosen first, and then the classrooms.

The Mozambican Economic Social Plan in report of the first Semester 2007 points out the
enrolment of about 313.600 pupils in the ESG1 in 252 schools across the country. Furthermore,
Ministério de Educacéo e Cultura (MEC, 2005) document reports that the secondary education
is rapidly expanding in the last years and according to the projection models the ratio of pupils
to Classes in public schools will decreases from 53,4 to 49,5 in 2009.

28



In Mozambique there are about 7500 ESG1 teachers. Among them a significant percentage
has no qualifications to teach at this level. In addition, there are at the moment a variety of pre-
service training teachers in ESG1 whose training differs from levels of entry and period
duration (MEC, 2005). These teachers earn low salaries, and to improve their financial
situations they leave often education for better paid jobs or they work in more than one school.

On the basis of the some identified categories that are relevant for capturing cultural
influences in classroom communication, | decided to work in three contrasting provinces from
North, Centre and South, more precisely in Nampula, Zambézia and Maputo, respectively. Due
to time constraints and financial reasons the study included an urban and a suburban school in
Maputo and only schools with urban characteristics in the remaining two provinces.

I choose these provinces and schools to have a range of similarities or differences
representative of the relevant categories that will maximize opportunities for comparative
analyses (Corbin & Strauss, 1998) and develop a broad picture of categories and its proprieties.
Glaser and Strauss (1967) suggest to choose a sample in a way that makes it possible to get as
many properties of the categories as possible.

All chosen schools enrol students from Grade 8 to 12, corresponding to pupils aged
between 13 and 22 years old. The urban school in Maputo (School A) as well as the one in
Nampula (School C) are big. Conversely, the other school in Maputo (School B), located in the
suburban area is medium size and the one in Zambézia (School D) is small.

The school climate in Schools A, B and C is best described as noisy with students walking
around, talking aloud, shouting or playing in the schoolyard for extended periods, even when
lessons are running. Contrary, in the smallest school among them, the School D in Zambézia,
students rarely appear in the playground during the lesson period.

The observed classroom as the majority in Mozambique are characterized by a traditional
arrangement (McCorskey & McVetta, 1978), consisting of straight rows, each containing equal
number of desks and chairs equidistant from each other. However, due to the increasing
number of students studying in the same small rooms, designed for fewer students some
decades ago, and to the shortage of school furniture, the majority of the classrooms are
overcrowded without space for teacher and students movement and with not enough desks and
chairs for all students. The explosion of student population also caused the transformation of
laboratories and music rooms into normal classrooms. For example, the students of an observed
class were sitting on the laboratory benches, or in another they had to climb over some desks to
reach their chairs.

Each lesson lasts 45 minutes. However tacit rules shape how teachers behave at the school,
for example in relation to punctuality and full use of the allocated time for each lesson.
Therefore, it is common to see teachers, in School A, B and C, enter the classrooms 10 minutes
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or more after the school bell rang. If more 5 than minutes are used for students to sit down and
get ready for the lesson, the time left is about 30 minutes.

The teachers were chosen upon recommendation of the head of school, if there was more
than one teacher for grade 8 mathematics. It was then based on the belief of the local school
that the teacher is experienced and a good teacher. Such a selection principle was perfectly in
line with the goals of the study as it helped to avoid observation of lessons from teachers
considered not qualified or not good.

For each teacher, it was planned to observe at least one week of teaching (5 lessons) about
the same topic. But for practical reasons (commonalities in distribution of subjects across the
year) it was not possible to stick to this plan. Consequently, more than one topic has been
included. This did not limit the potential of the study because it added the possibility to
compare approaches across subjects. In addition, the 5 weekly mathematics lessons are
scheduled differently across the schools, some have two blocks of two lessons per day or a
single lesson per day. For this reason the number of lessons observed varied from school to
school.

4.4 Research Instruments
4.4.1 Classroom Video-Recordings

For classroom observations, video-recordings were used. One camera was used, which was
positioned at the back of the classroom. Even though not all of the students were visible in the
image, their voices were all captured by the camera. In addition field notes were made. Before
the start of the videotaping, some informal visits were made in order to familiarise the class
with my presence. Because of the large student numbers in the classrooms, my presence was
not very salient.

4.4.2 Interviews

The observations were complemented by teacher interviews in order to gain information about
their views about the new curriculum and how they accessed it and also about their cultural
background. In addition, other issues that were important to them could be freely discussed. In
the open-ended interviews with the teachers | used prompts that were intended to initiate the
following topics:

o general relation to and feelings about mathematics teaching

o familiarity and feelings about the intended and implemented curriculum

e cultural, traditional and religious experiences
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Though the interviews have been transcribed, these transcripts have not been systematically
analysed, but used as background information for the analysis. What the teachers said also
provided some form of “calibration” for the classroom observations.

The headmasters were informed about the goals of the study and at these occasions the
conversation also touched other issues. Field-notes of these conversations were made.

4.4.3 Transcription of Classroom Recordings

All classroom lessons were transcribed. The language used in the Mozambican classrooms is
Portuguese. In the study the transcripts are presented in Portuguese and translated into English.
The classroom discourse unfolded most of the time in a traditional way with teacher starting the
conversation with a question, students answering, often in chorus and with the teacher eliciting
the students’ answer generally in a turn taking scheme, where simultaneous speech rarely
happened. Interjections, such as mmh or amm, and short pauses have not been transcribed
because the level of analysis does not make use of these features of the talk. In addition, the
talk has been translated and this level of detail cannot be carried over in translations. The
following conventions were used for the transcription of classroom recordings:

Il Il — Overlapping speech

[1 —silence of about 5 seconds

Ch — the whole class speaks in Chorus when a large group of students at the same time or only
slightly time-delayed utter the same without raising their hands and without being addressed as
single students by the teacher. The difference to the category “more than one students” was
made on the basis of the time interval between the teacher’s utterance and the students’
answers.

S —each student

Ss — more than one student

Generally these are less students than in the chorus (Ch), but the differentiation was made on
the basis of the time-delay between the teacher’s utterance and the students’ response. The
difference is also in the function of the communication, which can be understood by an insider.

Sos — more than one student, used when it is visible that two groups of students have different
ideas.

(( )) — a word or phrase not actually spoken, but inserted in the English translation for
grammatical reasons

(...)— incomplete speech

? —a question, indicated through raising tone of voice

:-) — laughter of a group of students
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[?] — inaudible
{ } — gestures and other non-audible actions
Commas and full stops are introduced in the transcripts only to ease readability.

4.5 Data Analysis

The theoretical concepts introduced in the previous chapter, constitute the “internal language of
description” (Bernstein, 1996) for the study. Since the study had three data sources, the
curriculum document, textbooks and classroom observations (complemented by teacher
interviews), which are diverse in quality, but the analysis should produce information that can
be interpreted in terms of the overall theoretical framework chosen, some more specific
analytical tools had to be developed in the course of data analysis. The main notions from the
theoretical background are not specific enough for reading the data, and also, the data revealed
features that could not have anticipated on theoretical grounds. On exception is constituted by
the schema for the domains of practice (Dowling, 1998). However, also for this schema it
turned out that it could not capture some important aspects of the data. For reading the data,
some new categories were introduced, but also coding-guides from previous studies were used.
In the following, some strategies for introducing indicators driven from the data and will be
presented.

Further specification of the strategies and tools developed for organising and reading the data is
given alongside the presentation of the outcomes in the next chapter. This is because the
detachment from the outcomes would make it hard to understand the corresponding sections.

45.1 Curriculum Documents

One part of the analysis consisted in a content analysis of the document, which comprises more
than 60 pages. This was to determine to which extent the innovative aspects, loosely labelled
under the term reasoning (as goal and as method) are presented in different sections. The
analysis aimed at tracing the innovative aspects relating to reasoning in the syllabus, from the
declamatory section, which states the main objectives of the curriculum that drives the reform.
After reading this section in order to be familiar with the main foundations, | listed terms more
likely to emerge in the syllabus to materialize the innovative aspects subsumed under
“reasoning”, which was stated as a noun in the section. These terms are: raciocinio (reasoning),
explicacdo (explanation), justificagdo (justification) and argumentacdo (argumentation) and
defined these categories using a dictionary. Starting with these words | built different a priori
categories, aiming at including words (nouns and processes) with similar meanings.
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Next | was concerned with the other sections. Since the sections are parts of a single document
it is supposed that each section recontextualized the discourse present in the declamatory
section which incorporates the fundamental ideas of the curriculum in order to build a coherent
text.

In trying to find the connotation of the abovementioned terms in mathematics education in
English | reviewed related literature. Yackel (2001), for example, distinguishes between
justification and explanation. The former occurs usually when the pupils violate norms, being
them social or mathematical, and the latter is more used to elucidate issues that are not clear for
the teacher or for the schoolmates. After reviewing more related writings | re-read the
declamatory section searching for those expressions that convey the same meaning.

Next, I explored the “Detailed thematic plan” table that includes the objectives, the content and
the students’ competencies, looking for terms that explicitly refer to the abovementioned idea,
and identifying them as explicit language with reference to reasoning. To cluster these
categories | looked for their appearance in different parts of the syllabus document. These parts
are differentiated in terms of their function in the document, that is Objectives, Content and
Competencies were investigated. In the following phase, | interpreted the meaning of each
expression in the given context and tested them to confirm the assigned category. Afterwards, |
looked for additional evidence of the explicit terms mentioned above, reading carefully the
methodological suggestions, the performance indicator and the assessment sections. In doing
so, | generated all the data relating to the explicit language. The frequency table was then
completed for the additional sections, referred to as Methodology, Performance, Assessment
and Declamation. When reading in detail the methodological section, | perceived that the
suggested ways of working with a definition with the students could constitute instances of
reasoning, which was not visible by reading the content, the objectives and the basic
competencies. In addition, | found the term demonstracdo (demonstration) to be related to
reasoning. Therefore, these two emergent categories were included as explicit language.
Through further reading of the curriculum, it was possible to identify further terms that were
used with the same meanings, even if this had not been obvious from the outset. To further
explore the text | looked into the consistency of the words used. The next stage was to check
the data from the objectives and content and relate them to the one from the methodological
suggestions, aiming at discovering the correspondence between terms used in the three areas. In
doing so, | found varied terms, which appeared to be used as synonymous of the word
definicdo (definition) of a concept. Also, | came across expressions that implicitly suggested an
involvement of reasoning process, such as the following sentence:

“Saber ser que é preparar 0 Homem mogambicano no sentido espiritual, critico e estético, e
modo que possa ser capaz de elaborar pensamentos auténomos, criticos e formular os seus
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préprios juizos de valor que estardo na base das decisfes individuais que tiver que tomar em
diversas situagbes da vida” (INDE & MINED, 2010, s. 4) [Learn to be is to train the
Mozambican Man in the spiritual, critical and aesthetic sense, in order to be able to develop
independent and critical thinking and formulate their own judgments, which forms the basis of
individual decisions that have to be made in different situations life]. Accordingly, it was a
necessary to identify expressions like this, which were grouped as implicit language (implicit
reasoning, implicit explanation, etc), if their meanings were similar to those terms. The
frequency of the occurrence of those sentences was explored.

Content analysis fitted to the objectives of this part of the study, which was to look at the main
trends and patterns and how they are interrelated across the different components of the
curriculum document. As a method content analysis might be restricted, because of the
subjectivity of the interpretative exploration (Oliveira, Ens, Andrade, & Mussis, 2003),
reduction of the study into a simple words count and drawing of erroneous conclusions due to
the use of more available words in the curriculum developers’ lexicon according to Weber (as
cited in Stemler, 2001). In order to strengthen the reliability of the technique | was aware of the
occurrence of synonyms, expressions with an ambiguous meaning or with a dual meaning. The
words written with multiple meanings were analyzed in the context where they were written.
Technically, the texts were broken-down into simple words and paragraphs as coding units of
analysis, used to assay and interpret different characteristics of the message. | used both a
written copy and an electronic version of the curriculum and moved back and forth between
them. Search functions of common editing software were used.

In the presentation of the outcomes, the results of the content analysis are linked to a discussion
of the main categories from the theory. The analysis in relation to these categories (domains of
school mathematics, principle-based and non-principle based esoteric domain) is presented
alongside the report of the outcomes.

In addition to the different stages of content analysis, | was interested to look at what the
document conveyed about a hypothetical relation of power and control (Bernstein, 2000)
between the Ministry of Education/INDE and teacher/school. This was to determine the
ideological space for a recontextualisation. For this purpose, the notion of framing was used. |
assigned to each chunk of text indicators with framing values graded from F~ to F** borrowed
from (Neves & Morais, 2001). The strength was derived from to the ways in which the
guidelines phrase the suggestions (e.g. should, could, it is recommended, ...).
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45.2 Textbooks

The interest was in the pedagogic strategies and domains of knowledge represented in the
textbooks. It was necessary to conduct a profound analysis in order to determine whether the
books included some of the innovative aspects of the new curriculum and what type of
mathematical discourse they represented. For the analysis, those sections from the books which
the observed teachers were teaching in their lessons, have been chosen: Coordinate system,
proportionality and functions, central and inscribed angles.

The analysis has been carried out for the sections without tasks and for the tasks separately.
The domains of knowledge (esoteric, public, expressive, and descriptive) have been identified.
In addition, the degree to which in the introduction the mathematical principles were made
explicit (e.g. through definitions and proofs, properties and demonstrations providing a logic
for a technique) or remained implicit (e.g. in a procedure) was investigated, as only the former
represents mathematical reasoning.

In addition, borrowed from Dimopoulos, Koulaidis and Sklaveniti (2005) analysis of science
textbooks, the notion of formality was added as a category referring to the notational systems
used, but without taking grammar into account. This was necessary in order to distinguish
between strongly classified expressions.

Further, an analysis of text with respect to appearance of words and phrases connected with
logical reasoning was carried out in order to examine the texts’ logic and coherence (Morgan,
1996). For example, | looked for adverbs (therefore, hence), propositions (by, because of),
temporal themes (first, next, then, etc) conjunctions (so, because), nouns (the reason is ...)
verbs (x causes y) that are all useful in constructing a text with logical reasoning. Furthermore,
some processes and relations to reasoning that can be added to the previous repertoire have
been identified.

For analysing the framing of the communication, the language choices in the text that transmit
ideological messages constructing the roles for and relationships of the author with the reader
(Herbel-Eisenmann, 2004) have been analysed. Morgan (1998) asserts that the pronouns “T”
and “we” play distinct roles in a text. The former refers to the author activity and authority with
respect to mathematics whereas the plural confers the idea that the reader shares the
responsibility with the author and participates actively in the process. On the other hand, it
could also convey the authority of a community of mathematicians, “we others and not you”
(Dimopoulos et al., 2005, p. 182). In the analysis | attempted to determine the different
connotations. Differences in the framing of the communication in the books (weaker, stronger),
can be taken as embodying the presence or absence of some aspects of the more student-
centred pedagogy advertised in the new curriculum.
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Finally, also the tasks in the books were investigated. Firstly, I investigated how boundaries are
constituted between different areas of school mathematics and other subjects as well as towards
the everyday (classification in terms of domains of knowledge). Secondly, the openness or
closeness of the tasks was examined in relation to the framing over the criteria.

4.5.3 Classroom Practice

The analysis focused on two key analytical concepts from the theoretical framework, that is,
the framing and the classification. These dimensions can capture the extent to which a potential
or realisation of students’ mathematical reasoning is visible in the classroom. Both these
dimensions are a matter of degree, and there is a need for some type of calibration in order to
differentiate between the observed forms of interaction and the usual strong framing and
classification in Mozambique mathematics classrooms. There it was of interest to which extent
the framing changes independently with respect to selection, sequence, pace, criteria and
regulative discourse (framing over communication and its social base). This was to determine
variations and to see whether in some of the practices there was more or less of the innovative
aspects visible in the teaching practice. The coding of the episodes was not done through
analyzing pre-defined chunks of the communication, as it turned out that the framing and
classification combinations changed unexpectedly. Therefore, the main strategy was to look for
changes in the course of the lessons. This procedure is highly interpretive. The interpretations
have been checked and discussed with independent readers of the transcripts who are
acquainted with the theoretical background. In the discussion, often context information has
been used, which only | had access to because | had been in the lessons. In addition,
information from the conversations with the teachers sometimes influenced the interpretation.

4.6 Ethical Considerations

In terms of formal requirements, there is a science and Technology Ethics Code approved by
the Council of Ministers in December 2007, which applies to all research areas. It comprises
basic principles for the protection of research subjects, such as respect to the involved
individuals and ethics of the goals of the research, which should be beneficial for the people
and pursue justice. There is a national ethics committee for medical and biological research, but
for the type of empirical research carried out in this study, which includes classroom
observations and interviews, there is no requirement for formal approval. For this study
therefore some generally assumed ethical principles were applied that deal with information of
the participants, confidential treatment of person-related information, anonymity and access to
the data.
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The schools were approached through the headmasters. The research goals were explained
to them and they could discuss the planned study with me. Further, | informed the teachers and
students and discussed with them during visits to the classrooms before the start of the
research. All gave their consent to participate, but no written forms are required by the Ministry
of Education or any other institution involved. | also told the teachers and students that they can
withdraw their participation at any point.

The data have been anonymised so that it is not possible to identify persons. It has been
agreed that the classroom videos can be shown to other researchers involved. This is however a
not specified category of people. It might include researchers whose task is to evaluate the
quality of the thesis. As there might be cases of discussion of the validity of the interpretation
that cannot be decided on the bases of the anonymised transcripts alone, there is a dilemma
between principles for good research and ethical principles for protecting the identity of the
persons on the videos.

The participants have been informed that excerpts of transcripts will be published in an
anonymised form. By the descriptions about the schools alone, it is not possible to identify
them, as just the wider district where the schools are located is mentioned. The classroom
video-footage is stored on secured electronic devices that only can be accessed through a
password.

In the presentations of the transcripts, grammatical features of the language as it was
spoken are not always displayed, as differences would give the impressions of differences in
competency of the speakers. For the analysis carried out in this study it was possible to adopt
this strategy.
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5 Outcomes

The study included three components, namely the study of official documents related to the
secondary school reform, the analysis of new grade 8 school textbooks produced in
Mozambique after the reform, and classroom observations complemented with teacher
interviews. In the following subsections, the outcomes will be presented and discussed
separately for each component of the study.

5.1 The Curriculum: Changes in Content and Pedagogy
5.1.1 General Principles

Reference to reasoning (in all its forms, as thinking, arguing, confronting ideas and formal
justification) has been identified as embodying the main innovation in the mathematics
curriculum. Reasoning comprises means and ends of mathematics teaching, that is, it affects
pedagogy and content. Passages referring to “Reasoning” and related activities suggest that the
students should be initiated into a principle-based esoteric domain of mathematics. However, if
the reasoning is linked to the everyday domain, then it is rather a means for developing
mathematical concepts through modelling or mathematisation. If mentioned in the context of
students’ confronting ideas and discussing, then the reference is more to the form of pedagogy
than to the mathematical knowledge.

The analysis of the general part of the curricular plan, to which all subject related syllabi should
be related, revealed that the text contains two sentences that include the term “raciocinio”
(reasoning), related to the learning of mathematics, namely:

A Area de Matematica e Ciéncias Naturais
visa desenvolver competéncias orientadas
para o conhecimento do mundo natural e para
o desenvolvimento do raciocinio l6gico.

A aprendizagem da Matematica visa desen-
volver o raciocinio loégico ao operar com
conceitos e procedimentos, usando métodos
apropriados.

The area of mathematics and natural sciences
aims to develop competencies oriented
towards the knowledge of the natural world
and the development of logical reasoning.
The learning of mathematics aims to develop
logical reasoning to operate with concepts
and procedures, using appropriate methods.
(MEC & INDE, 2007, p. 43)

The statements suggest the blurring of the boundaries on one side between mathematics and
other sciences and on the other side between school knowledge and the everyday life
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experiences. Yet here is also evident a valorization of reasoning in the teaching of concepts and
procedures, that is, a focus on principled mathematical knowledge.

In addition, the Plano Curricular do Ensino Secundario Geral (PCESG) (MEC & INDE,
2007) presents a list of operation that must be developed in the classroom and probably may

trigger potential reasoning:

A aprendizagem da Matematica visa desen-
volver habilidades tais como: classificar,
seriar, relacionar, reunir, representar, ana-
lisar, sintetizar, deduzir, provar e julgar.

The learning of mathematics aims to de-
velop: skills such as to sort, serialize, relate,
gather, represent, analyze, synthesize, de-
duce, prove and judge. (p. 43)

To add to these, another sentence appears, in relation to the teaching of transversal themes, that
are not content of a specific school subject, including the verb “argumentar” (to argue):

A leccionagéo destes temas exige ainda que
se faca uma reflexdo conjunta dos contetidos
a serem leccionados em cada um dos temas
e as respectivas estratégias. Estas deverdo
privilegiar a discussdo, a possibilidade de
confrontar, argumentar e propor mudangas.

The teaching of these subjects also requires
a reflection of the content to be taught in
each topic and their strategies. These should
focus on the discussion, the possibility to
confront, argue and propose changes. (p. 34)

It is interesting to note that in sections for the specific subjects, such as mathematics, there is no
mention of these important activities, such as discuss, argue and confront ideas. In relation to
the teaching and learning process, the curriculum document states:

O curriculo do ESG coloca o aluno no
centro do processo de ensino aprendizagem,
actuando como sujeito activo na busca de
conhecimento e na constru¢do da sua visdo
do mundo. Nesta concepcdo de ensino, 0
professor funciona como um facilitador a
quem cabe criar oportunidades educativas
diversificadas que permitam ao aluno
desenvolver as suas potencialidades. Para o
efeito, sdo sugeridas estratégias que pro-
porcionam uma participagéo activa do aluno
tais como trabalhos aos pares e em grupos,
debates, chuva de ideias, jogos de papéis,

The ESG (Secondary education) curriculum
puts the student at the centre of the
teaching-learning process, acting as an
active subject searching for knowledge and
the construction of his(her) world view. In
this conception of teaching, the teacher acts
as a facilitator who is responsible for
creating diverse educational opportunities
that enable students to develop their
potential. To this end, strategies are
suggested that provide active participation
of the student such as work in pairs and in
groups, debates, brainstorming, role-plays,
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entre outros. Estas criam a possibilidade de
confronter opinies, questionar-se sobre a
realidade e propor alternativas de solucéo de
problemas.

among others. These create the possibility to
confront opinions, question about the reality
and propose alternative solutions to
problems. (p. 15)

The modes of transmission proposed by the curriculum is consistent with the intention of
develop students’ reasoning, comprising articulating and confronting reasons. There is clearly a
focus on individual students’ participation. In relation to the previous curriculum, the
pedagogic practice requires to weaken the framing over the sequencing, selection, pace as well
as the communication and its social base. A weakening of the classification in relation to
outside-school practice and across the mathematics subject is also implied. To support this
pedagogy formative assessment is proposed in addition:

O ESG integrado caracteriza-se por desen-
volver, no aluno, um conjunto de conhe-
cimentos, habilidades, valores e atitudes de
forma articulada com todas as &reas de
aprendizagem, que compdem o curriculo,
conjugados com as actividades préaticas e
apoiado por um sistema de avaliagdo, pre-
dominantemente formativo. A concretizacao
deste principio permite levar os alunos a
analisar os fenémenos sob diferentes

The integrated ESG is characterized by
developing in students a set of knowledge,
skills, values and attitudes in coordination
with all areas of learning that make up the
curriculum in conjunction with the activities
and practices supported predominantly by a
formative evaluation. The implementation
of this principle allows students to analyze
the phenomena under different perspectives,

linking various areas of knowledge. (p. 17)
perspectivas, relacionando varias areas de
conhecimentos.

Furthermore, the curriculum highlights the syllabi, school materials and particularly the
textbooks and teacher’s manual as important sources for the teacher to plan the lesson. The
teachers’ statements in the interviews corroborated this view, as they mentioned the textbooks
as their main source. Therefore the recontextualisation of these curriculum texts in the
textbooks and materials needs to be investigated. Obviously it is assumed here that textbooks
and materials do not change the overall agenda, that is, the ideology.
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Os programas de ensino, 0s materiais esco-
lares, sobretudo o livro do aluno e o manual
do professor sdo instrumentos que facilitam
o trabalho do professor, ajudando e mos-
trando as possibilidades de abordagem inte-
grada das diferentes unidades tematicas.

The syllabi, school materials, especially the
textbook and teacher's manual are tools that
facilitate the work of the teacher, helping
and showing the possibilities of integrated
approach to different thematic units. (p. 17)

The Mozambican curriculum intends to be a competency-based curriculum. It also mentions
life-long learning, but it does not explicitly refer to further education, which is indicated by the

following statement (next page):

Nesta perspectiva, o curriculo do ESG
pretende preparar 0s jovens para a vida, isto
é, para aplicar os seus conhecimentos na
resolucdo de problemas e para continuar a
aprender ao longo da vida.

In this perspective, the curriculum of the
ESG aims to prepare the youth for life, that
is, to apply their knowledge to solve
problems and to continue learning
throughout his(her) life. (p. 16)

The above mentioned principles are supposed to be the foundations for the ESG (Secondary
School System) syllabuses, meaning that to some extent they may be reflected in the grade 8
syllabus, but also in the textbooks and classroom practice.

5.1.2 The Grade 8 Syllabus

The Mozambican grade 8 syllabus is a 65 pages booklet (INDE & MINED, 2010). It includes
an introduction section with a declamation of the aims and goals of the official educational
policy. In the next sections it displays the thematic plan. For each topic, a table with the
specific objectives, the correspondent topics of the content, and the competencies to be
achieved are depicted. Following each table, methodological suggestions and performance
indicators are proposed. In addition, the syllabus presents a section about assessment and after
this the recommended bibliography, consisting of a list of mathematics textbooks.

The next section presents the sections of the grade 8 syllabus and its discourse related to a
newly introduced focus on reasoning, including argumentation and justification as well as more
formal mathematical modes.
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5121

Throughout the first 8 pages the document contextualizes the curricular reform process and
explains the main changes undergone in the Secondary School System (ESG), grade 8 to Grade
10, started in 2008.

The two first paragraphs in the introduction section give brief information about the
context of the changes in the curriculum, the Government Plan for the next five years, the
objectives, and enumerates the main curricular documents related to the reform. The next six
pages address the guidelines that regulate the curriculum of the ESG, the new challenges, the
transversal nature of the curriculum, the languages included in the ESG, the teachers’ role and
the structure of the syllabus.

In general the word “reasoning” (raciocinio) did not appear explicitly along the text, but the
idea is subjacent in two out of the four main foundations on which the curriculum of the ESG is

Introduction

based:

Saber ser que é preparar o Homem mocgam-
bicano no sentido espiritual, critico e
estético, de modo que possa ser capaz de
elaborar pensamentos auténomos, criticos e
formular os seus proprios juizos de valor
que estardo na base das decisdes individuais
que tiver que tomar em diversas situacoes
da vida. (p. 4)

Saber Conhecer que é a educagdo para a
aprendizagem permanente de conhe-
cimentos cientificos sélidos e a aquisi¢do de
instrumentos necessarios para a com-
preensdo, a interpretacdo e a avaliagdo cri-
tica dos fendémenos sociais, econémicos,
politicos e naturais.

Learn to be that is prepare the Mozambican
person in the spiritual sense, critical and
aesthetic, so that (s)he might be able to
develop independent, critical thinking, and
formulate their own judgments which will
form the basis of individual decisions that
have to be taken in different situations of
life. (p. 4)

Learn to Know that the education for life-
long learning is of sound scientific know-
ledge and the acquisition of necessary tools
for the understanding, the interpretation and
the critical evaluation of social economic,
political and natural phenomena. (p 4)

The expressions “autonomous and critical way of thinking”,

CEINNY3

formulate their own thoughts”,

“use the scientific knowledge to understand, interpret and critically evaluate” involve
intentional reasoning processes, because they imply processes such as analysis, comparison,

drawing conclusions.

In the subsection ‘Challenges to the School’ it is stated that the “development of critical

judgment” is an important competence that must be taken into account in implementing the
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curriculum. The expression “critical judgment” according to Merriam-Webster refers to the
process of forming an opinion or evaluation by discerning and comparing, which entails a
reasoning process.

By competence it is meant a set of knowledge, abilities, attitudes, values and behavior that
a person uses to sort out successfully a task, according to the document. As the syllabus
recommends solving a problem through thinking critically and creatively or relating content
areas, this requires a combination of a set of knowledge, skills and values. In the subsection
‘Competences to develop in the cycle (ESG)’ it is suggested that the logical presentation of
reasons in different communication instances is among others a competence to be developed in
the cycle.

In subsection ‘The teacher’s role’ the idea of reasoning is hidden in the following sentence:

Para conseguir este feito, o professor devera
colocar desafios aos seus alunos, envol-
vendo-os em actividades ou projectos, colo-
cando problemas concretos e complexos.

To get this done, the teacher will pose
challenges to their students by involving
them in activities or projects, placing
concrete and complex problems. (p. 7)

Here the syllabus confers the teacher the role of challenging the students with activities or
projects where concrete and complex problems are proposed, and to solve concrete problem
students have to reason about concepts, procedures and so on. On page 8, the sentence bellow
includes explicitly the word reasoning, for the first time:

As metodologias de ensino devem desen-
volver no aluno: a capacidade progressiva
de conceber e utilizar conceitos; maior
capacidade de trabalho individual e em
grupo; entusiasmo, espirito competitivo,
aptiddes e gostos pessoais; 0 gosto pelo
raciocinio e debate de ideias; o interesse
pela integracdo social e vocagdo pro-
fissional.

The teaching methodologies should develop
in the student: the ability of progressively
design and use concepts; greater ability to
work individually and in groups; enthusi-
asm, competitive spirit, skills and personal
feelings, the propensity for reasoning and
debate of ideas; interest in social integration
and professional vocation. (p.8)

The declamatory introductory text reflects the curriculum principles. It clearly advertises
individualization (as compared to the usual teaching practice), including a change towards
competition, at the same time mentions social integration, and lists reasoning and debate
alongside affective components to be developed.
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5.1.2.2 Teaching and learning in the subject mathematics

This subsection of the syllabus gives new methodological perspectives in teaching
mathematics, re-describing the innovative principles of the curriculum, the inclusion of
mathematical competences that privileged students reasoning and the use of methods and
procedures that enhance the students’ construction of her(his) own knowledge and
understanding of the content. In addition, the syllabus suggests that the students should develop
competencies about how to operate with concepts and procedures through appropriate methods
to develop logical thinking, as stated in the following phrases:

A incorporagdo de competéncias Mate-
méticas centradas no desenvolvimento do
raciocinio dos alunos.

A utilizacdo de métodos e procedimentos
heuristicos para que o aluno realize a
construcdo do seu préprio conhecimento,
assegurando a compreensdo do significado
dos conteddos.

Como operar com conceitos e proce-
dimentos, através de métodos apropriados
para o desenvolvimento do pensamento
I6gico.

The incorporation of mathematics skills
focusing on the development of students'
thinking.

The use of heuristic methods and procedures
for the student to perform the construction
of their own knowledge, ensuring
understanding the meaning of content.

How to operate with concepts and pro-
cedures, using appropriate methods for the
development of logical thinking.

(p. 10)

5.1.2.3 Competences to develop in the first cycle (grade 8 to 10)

This subsection presents specific behaviours that contribute to the development of general
competencies. Among them, three statements refer to reasoning.

Apresenta o seu raciocinio de forma logica
em diferentes situacdes de comunicagéo.
Interpreta de forma critica a solugdo de um
problema, num determinado contexto.

Usa padrdes e regularidades matematicas e
formula generalizagbes em contextos de
problema.

Presents his(her) reasoning logically in
different communication situations.
Interprets critically the solution of a
problem in a particular context.

Uses patterns and mathematical regularities
and formulates generalizations in the
context of the problem (p. 10).
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“Logically” seems to be used here as a synonym for structured argumentation in a
communicative context. The syllabus states critical interpretation of problem solutions taking
into account the context. The communication situation or the particular context for these
activities could as well be the school classroom.

In addition, generalization is mentioned. It implies comparing characteristics of elements across
contexts, which involves analysis and synthesis. So it is taken to refer to reasoning, but more as
a mental activity.

5.1.2.4 Objectives of the subject throughout the ESG

This section gives an overview of the objectives that are intended to be attained by teaching
mathematics throughout the ESG.

Only one paragraph, however, refers explicitly to reasoning. There the syllabus suggests
that students should be able to recognize mathematics as useful tool for life because it helps to
think and reason correctly. In this sentence (below) there appears for the first time the
combination of the verbs pensar and raciocinar. Pensar might involve the activity of
raciocinar, but it can also mean something in the line of contemplating or trying to remember
something. Accordingly, someone might be thinking (pensar), without reasoning (raciocinar).
Thus, her(his) thinking may not be in accordance to what is intended to attain. The combination
of the two verbs has probably the role to emphasize and insist on the goal of developing
students’ reasoning as a mental process.

Reconhecer que a Matematica € um ins-  Recognize that mathematics is a useful tool
trumento Util para a vida e é parte integrante  for life and is an integral part of our cultural
das nossas raizes culturais, porque ajuda a  roots, it helps to think and reason properly.
pensar e a raciocinar correctamente. (p. 11)

In another sentence the syllabus urges the goal of developing “logical thinking” when students
operate with concepts and procedures and appropriate methods. Here the term pensamento is
used, to specify a mental process together with the term Idgico (logical):

Desenvolver o pensamento l6gico ao operar ~ Develop logical thinking to operate with
com conceitos e procedimentos com  concepts and procedures with appropriate
métodos apropriados methods (p. 11)

Finally, it appears for the first time the expression “argue his(her) opinions”. Here
argumentation is linked to situations of possible conflicting opinion. There is no reference
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anymore to logical thinking behind an argument, but to making judgments and to a kind of self-
assurance in doing so. The type of situations in which this is to occur is not specified:

Desenvolver a confianga em si préprio:  Develop the confidence in him(her)self: to
exprimir e argumentar as suas opinioes; express and argue their opinions; formulate
formular juizos elementares sobre situagdes  elementary judgments about concrete situa-
concretas; enfrentar com confianga situa-  tions; confront new situations with confi-
¢Bes novas e mostrar flexibilidade e cria-  dence and show flexibility and creativity
tividade (p. 12)

The re-description of the goals of the curriculum above presented is an indispensable part of the
curriculum document, as it transmits the philosophy, the rationale and the aims of the
educational system, that is, the ideology. The aims more or less steer the whole curriculum
management process. Subordinate to them are the content standards, the set of subject topics
and the abilities and skills students are expected to master, the pedagogy, which refers to
teacher practices, the evaluation criteria that present alternative forms of assessment, the
performance standards with the indicators of expected students’ achievement.

In the next sections detailed results of an analysis of the content, methodology,
competences, performance and assessment as proposed by the syllabus are presented, taking
into account the interdependence and interconnection between the text messages throughout the
sections in order to capture the coherence, or incoherence, of the syllabus.

5.1.2.5 General disposition of the content of the cycle

The syllabus displays a table (see next page) of general contents of grade 8 to 10 distributed for
three trimesters. No reference is made to pedagogy or student competencies in relation to
reasoning. As can be seen from the table, the content appears strongly classified in the school
mathematics sub-areas.
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Tri- Thematic units per grade
mester g° 9° 10°
Rational numbers Real numbers and roots Set theory
Linear equations Linear inequalities and systems | Polynomials
of linear inequalities with one | Quadratic functions
1° variable Quadratic inequalities
Notion of monoms and
polynoms
Proportionality and Quadratic equations Exponential functions
linear functions Quadrilateral Exponential equations and
Systems of two linear | Similarity of triangles inequalities
2° | equations in two Logarithm and logarithmic
unknowns function
Logarithmic equations and
inequalities
Circumference and Basic notions of statistics Trigonometry
[sic] the circle Calculation of areas and Statistics
3° Congruence of volumes of geometric solids

triangles and the
Pythagoras Theorem

5.1.2.6 Objectives of mathematics in grade 8

Table 4: Translation from the distribution of the content across the grades and
trimesters (INDE & MINED, 2010, p. 13)

The goals presented in this section are more or less the same as in section about objectives of
the subject throughout the ESG. The noticed expressions referring to reasoning are express and
argue his(her) opinions and logical thinking.

5.1.2.6.1 General distribution of the grade 8 mathematics content

A table is displayed presenting a general view of the contents in grade 8 and its workload
throughout the three trimesters. As in the subsection ‘General content of the cycle’ no mention
is made about pedagogy or student outcomes in terms of reasoning as a process and product.
An extra period for assessment and preparation is stated.
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Trimester

1

Thematic unit Lessons  Weeks  Total

Rational number 35 7

Linear equations 15 3 60
Revisions and assessment 10 2
Proportionality and linear functions 30 6

System of two linear equations with two

unknowns 20 4 60
Revisions and assessment 10 2
Circumference and circle 20 4
Congruence and Pythagoras theorem 30 6 60
Revisions and assessment 10 2
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Table 5: Translation from grade 8 content general distribution (INDE & MINED,
2010, p. 15)
5.1.2.6.2 Detailed thematic plan

According to the MEC (2007) and INDE (2007) documents, the ESG syllabuses have the
following components:

Unidade tematica/tema (thematic unit) — the set of curricular contents. In each theme
are provided the main issues to be taught.

Objectivos especificos (specific goals) — define the observable results of the
teaching and learning process concerning knowledge, ability and attitude.
Conteldos (contents) — knowledge to be transmitted in the teaching and learning
process. It displays the content (what), the depth (how much) and the time (when) to
teach.

Competéncias bésicas (basic competences) — express the capacity to complete a task
successfully, appealing to knowledge, abilities and attitudes learned during the
teaching process.

Carga horaria (timetable) — time allocated to the realization of each activities,
lessons and thematic unit.

Sugestdes metodoldgicas (methodological suggestions) — set of procedures that
helps teacher to attain the central planned goals. According to the syllabus these
suggestions have not a compelled character.




o Avaliagio (assessment framework) — makes suggestions how students should be
evaluated.

The following headings are used for the detailed thematic plans: Objectives, the Content,
the Basic Competences to be achieved and the Hours for each theme. “Hours” are usually
interpreted as lessons (of 45 minutes).

The language used in the analyzed sections revealed the intention of the syllabus, to
develop students reasoning, with explicit and implicit expressions. The next section is
concerned with the language used in the texts and the recontextualisation of the declamatory
section of the syllabus across the other sections.

5.1.2.7 Explicit and implicit reference to reasoning

The declamatory introduction provided the main innovative aspects in the reform that pointed
to a paradigm change in education in Mozambique. Reference to reasoning (in all its forms, as
thinking, arguing, confronting ideas and formal justification) has been identified as embodying
the main innovation in the mathematics curriculum. Reasoning comprises means and ends of
mathematics teaching, that is, it affects pedagogy and content.

As the new version of the Mozambican curriculum is to be meant to guide a reform of
classroom practice, the question is to which extent a change in paradigm in content, pedagogy
and assessment can be traced in the mathematics curriculum documents (the curriculum and the
syllabus) that are expected to be read by the teachers. The question is not only to look at the
statements explicit in the curriculum documents, but also to uncover the implicit values. So the
focus is on the content, pedagogy and assessment as manifested in curriculum documents.

The analysis of the syllabus aimed at identifying what was valorized referring to reasoning
on the one hand, and how the intentions formulated in a vague language in the general
objectives were converted into a specific set of tasks or rules in the content and methodology
sections. This process is not just a translation from general aims into more specific aims and
detailed suggestions for topics and classroom management, but a series of re-descriptions in
another discourse. However, if the general aims valorize the development of mathematical
reasoning in several aspects, one would expect to find the concept “reasoning” or evidence of
issues, proposed activities or methodological instructions that may reflect the criteria of what
counts as mathematical reasoning in all sections of the syllabus. In this way, there should be
some coherence and consistency across the aims, goals and objectives outlined by the
educational system and the pedagogy and assessment proposed in the document. However,
Herbel-Eisenmann (2004) pointed discursive choices as potential source of deviation between
the aims stated and the text message, even if the text was written by experienced curriculum
developers.
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The terms or expressions that explicitly or implicitly express the process of reasoning may
be viewed in the syllabus as:

a goal, an ability that students have to acquire after being exposed to the content.
For instance the curriculum may state that “the students should learn how to justify
their thoughts.”

a content, a product to learn as for example “geometrical or algebraic argumentation
or proof”

a teaching method, a process of acquiring knowledge. The curriculum may state hat
“teacher should engage students in investigation and problem solving”

a criteria or performance indicator matching the concepts embedded in the content
as for example “the student should use multiple representations of a function”

a competence, capacity to realize a task. For instances “Students apply the
equivalence criteria to explain how to solve an equation”.

A detailed language analysis regarding the topics proportionality and linear functions and
central and inscribed angles are provided in the following sections. As stated in the
methodology section, these topics have been chosen because they were the content in the
lessons of the observed teachers

5.1.2.7.1 Explicit language

Terms that were expected to be found in the syllabus aspiring to students’ reasoning
development were for instances, raciocinio (reasoning), explicagao (explanation), justificacéo
(justification) and argumentacdo (argumentation), definicdo (definition) and demonstragéo
(proof) and derived grammatical forms. These categories were grouped by sections of the
syllabus under study, namely Objectives, Content, Methodology, Competences, Performance,
Assessment and Declamation. The data is summarized in Table 6.
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Objectives 3 1 1 5
Content 2 2
Methodology 1 1 8 5
Competences

Performance

Assessment 1 1 2
Declamation 4 2 1 7

Table 6: The frequency of each explicit term

The words with the meaning of define, reasoning and explain were more frequent
(7, 5 and 4 times respectively), and less frequent were demonstrate (1), justify (2) and argue
(2). The sections Competences and Performance were the poorest with zero reference. In the

Content, the word “define” appeared (2).
Explanation

The word explicar was used associated with the words concept, meaning, method, needs of
enlarging the number set and the standard decimal notation. In addition it was used once in a
general mode. Although it happened once and in brackets in the Assessment part, it is included
in a phrase that generalized this practice to all pedagogic activities:

N&o é justo continuar a avaliar o aluno
apenas na base destes instrumentos. E pre-
ciso ter em conta também o seu desempenho
e suas atitudes na sala de aula, durante o
processo de elaboragcdo de conhecimentos,
nos trabalhos individuais e em grupos, sua
preocupacdo em consolidar o saber e o saber
fazer e de ajudar (explicar) os colegas, etc.

It is not fair to continue to evaluate the stu-
dent based solely on these instruments. One
must also take into account his(her)
performance and attitudes in the classroom,
during the process of developing knowledge
in individual and in group work, in their
concern to consolidate the know and the
how to do and help (explain) to colleagues,
etc. (p. 61)
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Reasoning

This dimension is intrinsically related to one of the foundations of the new curriculum reform.
However, the word reasoning arises only on the Assessment and Declamation part. It is
important to note that the occurrence of this word in the Assessment is in the following citation

of the Brazilian ‘Parametros Curriculares Nacionais (PCN)’ document:

Por outro lado, a avaliagdo fornece aos pro-
fessores as informacgdes sobre como estd
ocorrendo a aprendizagem: conhecimentos
adquiridos, os raciocinios desenvolvidos, as
crengas, habitos e valores incorporados, o
dominio de certas estratégias, para que ele
possa propor revisdes e reelaboragOes de
conceitos e procedimentos ainda par-
cialmente consolidados, PCN: 54.

On the other hand, the assessment provides
teachers with information on how learning
is occurring: knowledge acquired, reasoning
developed, beliefs, habits and values in-
corporated, the domain of certain strategies,
so that he can propose revisions and re-
working of concepts and procedures still
partly consolidated, PCN: 54.

(p. 61)

Argument

This word shows up twice in the Declamatory discourse in the general section and in both cases
associated with the words opinion and debate.

Justify

The syllabus presents the word justificar once in the Objectives connected to the solutions of
exercises and twice in the Methodology allied with properties of mathematical objects.

Demonstrate
The Syllabus urges teachers to demonstrate (demonstrar) the relation between the angles in the
Methodology.

Define

Teachers are proposed to define (definir) mathematical objects and concepts in the section on
Methodology three times, two times in the Content and once in Objectives and Declamatory
part.

One cannot assume that teachers read all parts of the curriculum documents carefully. My
experience as a secondary teacher suggests that teachers, particularly those who teach the same
class for a long time, are more concerned with the content section in order to be familiar with
new contents and time allocated to each thematic unit. The teacher interviews in this study
indicated they based their lessons on the detailed thematic plan of the syllabus, or the province
or school dosage of the content. A teacher who only reads the Content section will not be aware
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of important components in the teaching and learning process introduced in the new
curriculum, such as the emphasis on some activities related to reason, argument, explanation
and justification. Some teachers may probably also read the Methodology and then the
Objectives, if they are curious or have doubts about the content. Some others may also read the
Assessment, the Performance and the Competence sections, and very few will presumably be
concerned with the Declamation. Therefore, to get an image of what | think mirrors this reality,
I grouped the results above in clusters according to the plausible reading: high rate (Content,
Methodology, and Objectives), middle rate (Assessment, Performance and Competence) and
low rate (Declamation) and named the categories as HR, MR and LR respectively.

(5]
Reading rate > = ©
. £ 5 = Total
clusters = s E P 5 @
) 07:) S5 = c
S o > = 1S =
< 7] st 5 ) @
] o < ) (@) o
HR 3 2 1 6 12
MR 1 2
LR 4 2 1 7
Total 4 5 2 2 1 7 21

Table 7: The frequency according to the supposed readers’ habits

The table illustrates that the term argument appears only in the LR group and the word
reasoning five times, being four included also in the LR and only one in MR group.

The terms definir and the noun/verb demonstragdo/demonstrar were represented in the HR
group. However if the teacher does not read the Methodology, s(he) will not access the
curriculum requirements, such as working with the students and guide them to formulate
definitions.

The declamatory section that gives general aims and goals of the educational system re-
describes the PESG principles related to reasoning in the following three phrases:

O gosto pelo raciocinio e debate de ideias The propensity for reason and debate of ideas
Competéncias Mateméticas centradas no  Mathematical Skills focused on the
desenvolvimento do raciocinio dos alunos development of students' thinking

Apresenta 0 seu raciocinio de forma Idgica Presents his(her) reasoning in a logic form in
em diferentes situacdes de comunicacédo different situations of communications (p. 8)
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In addition, the sentence bellow appears twice in this section:

Exprimir e argumentar as suas opinides Express and argue their opinions (p. 12,
14)

The previous events illustrate the recontextualisation of the main guidelines of the PESG in
relation to the reasoning concept in terms of the language used. As stated above, the word
raciocinio (reasoning) otherwise appears only in the Assessment framework section quoting the
Brazilian “Parametros Curriculares Nacionais” (PCN) document. The fact that the word
raciocinio appears only as quoted from a foreign document, and the absence of the word
argumentar in all but the Declamation section, where it appears once, evidences an incoherence
between the discourse in the Declamation and the other sections as well the general principles.

I assume that besides argumentation, the school practice of explaining and justifying
contribute to reasoning because while students justify and explain they access the principles
behind the concepts and procedures relating them and drawing conclusions. Therefore, besides
the words raciocinio and argumentar, | was aware of sentences including the words justificar,
explicar, demonstrar and definir in the other syllabus sections. The following table (see next
page) presents occurrence of these.
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Sections

the coefficients of a linear
function

meaning of the
coefficients of a
linear function

Objectives Content Methodology Compe- | Perfor- | Assessment
tencies | mance
Explain the concept of The concept of The student observes and discovers
correspondence correspondence correspondence
Explain the concept of Definition of the | The student has to distinguish a function from any
function concept of other correspondence
function The teacher can use the symbolic representation to
illustrate the definition
£ The Venn diagrams are very important to
E illustrate that not all correspondences are
| functions.
Explain to
colleagues
Explain the meaning of Geometric

Demons-
trate

Characterize the inscribed
angle in the semi circle

Inscribed angle in
the semi circle

All problems related to the inscribed angle in the
semi circle, with the inscribed angle in the same
arc have to be demonstrated.

Justify that the Definition of the | Justify the answer in a proposed task
m correspondence is a concept of
= | function function
Ways of defining
functional rules
@ Identification of an The injective, The concepts injective, surjective and bijective
= injective, surjective and surjective and function must be defined
a bijective function bijective function

Define the central and the
inscribed angle

The central and
the inscribed angle

The inscribed and central angle must be defined

Table 8: Sentences containing words related to reasoning




The table on the previous page depicts the discourse in each section and its connection with the
discourses of the other sections. Looking at the sentence constructions referring to the same
mathematical object one can find across the text the use of verbs with different meanings,
threatening the consistency of the text. Taking as example the mathematical object “functions”,
the Objectives section requires students to justify that a correspondence is a function whereas
the methodology section urges teacher to illustrate the definition drawn from the Venn
diagram. On the other side, the content refers to the definition of a function. In relation to the
object “central and inscribed angles” the expressions “Define the concept” (Objectives section),
“The central and the inscribed angle” (Content section), “The inscribed and central angle must
be defined” (Methodology section) are used. Similar mismatches of concepts with different
meanings occur in relation to other mathematical objects in the present curriculum.

The syllabus evidences some small incongruity about procedures and language. It proposes
that students should complete tasks, with the teacher’s guidance, that lead to the generalization
and formulation of the definition, rule or principle. I found two instructions that explicitly say
that after work with the tasks the students give the definitions, three that ascribed the teacher
that function and three ambiguous instructions were the infinitive verb were used.

It is to note that the authors were concerned to use a learner-centered approach, but
sometimes they ended up ascribing the teacher not only the role of summing up or
synthesizing, but to formulate the definition, rule or principle.

In general, it can be said that there is a difference between the discourse underpinning the
aims and goals and the one used in the different sections of the syllabus. The rigor and the level
of specialization, especially shown in missing consistency, of the text decreases when the
recontextualisation process travels from the general objectives to the more detailed guidelines
in the sections. Thus the discourse is in the end weakly framed over the criteria for the
instructional discourse, leaving open for the textbooks developers and teachers the decision
about what counts as mathematics. This may evidence that the curriculum developers, namely
the ones who wrote the declamatory section and those who wrote the other sections, do not
share a common scientific language, cultural experiences, and beliefs about mathematics, or do
not share ideologies. The document appears as a “hybrid”, but one can assume that some
sections in this mix are more influential for the teaching practice.
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5.1.2.8 Implicit language

While | was reading the text | found some statements that raise the potential reasoning in the
Objectives and Competencies sections. Therefore | decided to include and code them as
implicit language referring to reasoning. The tables below depict these statements. | specified
in the tables the reading cluster to which the sentences belong.

Elaborar pensamentos autbnomos, criticos e
formular os seus proprios juizos de valor

Compreensdo, interpretagdo e avaliacdo
critica dos fenébmenos

Propdr alternativas de solugdes

Ser sujeito activo na construgéo do
conhecimento e pesquisa de informacao,
reflectindo criticamente

Usa padrdes e regularidades matematicas e
formula generalizagBes

Interpretar e utilizar representagdes
matematicas (tabelas, graficos, expressdes e
simbolos)

Transcrever mensagens matematicas da
linguagem corrente para a linguagem
simbdlica (férmulas, simbolos, tabelas,
diagramas, graficos, etc.) e vice-versa

Desenvolvimento do pensamento I6gico

Desenvolvimento de juizo critico, rigor,
persisténcia e qualidade construcéo do seu
préprio conhecimento

Develop independent and critical thinking,
and formulate their own judgments

Understanding, interpretation and critical
evaluation of the phenomena

Propose alternative solutions

Be active subject in the construction of
knowledge and research information,
reflecting critically

Uses mathematical regularities and patterns
and formulates generalizations

Interpret and use mathematical
representations (tables, graphs, expressions
and symbols)

Transcribe mathematics messages from
everyday speech to the symbolic language
(formulas, symbols, tables, diagrams, graphs,
etc) and vice versa

Development of logical thinking

Development of critical judgment,
thoroughness, persistence and quality
construction of their own knowledge

Table 9: The implicit language in the Declamation section (LR)
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Reconhecer em correspondéncias as que sdo
fungdes

Relacionar, de forma intuitiva, a inclinagdo
da recta com a constante de
proporcionalidade, numa funcéo do tipo
y=ax

Observar regularidades e estabelecer leis
matematicas que expressam a relacdo de
dependéncia entre as variaveis;

Resolver problemas concretos da vida
aplicando funcdes lineares

Interpretar fendmenos da vida, representados
através de gréaficos de funcdes lineares

Relacionar os angulos inscritos e central

Relacionar as amplitudes dos angulos ao
centro e angulos inscritos com as amplitudes
dos

arcos correspondentes

Recognize matches in those functions

Relate, intuitively, the slope of the line with
the proportionality constant in a function of
the type y = ax

Observe regularities and establish
mathematical laws that express the relation
of dependence between variables

Solve concrete problems of life by applying
linear functions

Interpret phenomena of life, represented by
graphs of linear functions

Relate the central and inscribed angles

Relate the amplitudes of the central and
inscribed angles with the amplitudes of the
corresponding arcs

Table 10: The implicit language in the Objectives section (HR)

Interpreta o conceito de funcéo linear,
aplicando-o na resolugéo de problemas
vinculados a vida e a outras disciplinas

Lé e interpreta tabelas e graficos

Interpret the concept of linear function,
applying it to solve problems related to life
and other disciplines

Read and interprets tables and graphs

Table 11: The implicit language in the Competences section (MR)

The verbs such as to interpret, to relate, to solve, used in the majority of the sentences, entail

the idea of explanation, make understandable the meaning of something for oneself or for

others, and are sources of a potential for reasoning.
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5.1.2.10The discourse

The objective standards for the topics in study were categorized into two groups, depending on
whether the formulation suggests the learning of concepts, processes and methods with or
without having access to the mathematical principles. This is to depict the fact whether the
students are subordinated to the teacher for whom they must wait to state these principles, or
whether the positiones as apprentices into the discipline of mathematics. The focus here is to
differentiate the objectives that may demand the students to grasp the principles in order to
reach them and in so to access the esoteric discourse with its underlying principles. Reasoning
in this context is framed as the students not just using a procedure to solve a task but as getting
access to the theoretical principles of the knowledge in addition to the technical principles. This
means the esoteric domain of mathematics, in which relations between mathematical concepts
form an integral part of the explicit discourse. Accordingly, reasoning without access to the
basic mathematical principles, is for instance the ability, including some explanations, to recall
and apply the formulae to calculate the constant of proportionality or the inscriced angle in the
circumference. Conversely, the student may know how and when to calculate but also know the
reasoning behind the functioning of this procedure. The table bellow presents the two groups of
objectives. | will distinguish these groups as “Principle-based objectives” and “Technique-
based objectives” if they address the access to the principles or not, respectively. Table 12 and
Table 13 (next pages) displays the objective standards in these categories.
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Localizar um ponto no plano (S.C.0.)

Representar pares ordenados num Sistema de
Coordenadas Ortogonais

Determinar as coordenadas de um ponto num
referencial cartesiano

Usar propriedades das proporgoes na
resolucédo de problemas

Determinar imagens de uma fungéo, quando
conhecidos os objectos

Determinar numa func¢éo o dominio e o
contradominio

Identificar as aplicagGes sobrejectivas,
injectivas e bijectivas

Construir tabelas das fungdes do tipo: y =ax
and y=ax+b

Representar graficamente uma funcdo linear
Determinar o zero de uma funcao linear

Determinar a expressao analitica duma recta

Definir angulo inscrito e angulo central

Caracterizar os angulos inscritos sobre o
didmetro

Locate a point in the plane

Represent ordered pairs in the orthogonal
Cartesian system

Find the coordinates of a point in a Cartesian
system

Use properties of proportions in the solution
of tasks

Compute images of a function given the
objects

Find the domain and co-domain of a
function

Identify injective, surjective and bijective
functions

Construct table of values of functions of the
type: y=axand y=ax+b

Represent graphically a linear function
Find the zero of linear function

Find the analytic expression of a linear
function

Define inscribed angle and central angle

Characterize the inscribed angle subtended
by a diameter

Table 12: Technique-based objectives
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Explicar o conceito de correspondéncia e dar
exemplos

Diferenciar a proporcionalidade directa da
proporcionalidade inversa

Resolver problemas da vida corrente
(percentagens, juros, impostos, escalas, etc)
que envolvam proporcionalidades directa e
inversa

Reconhecer situagdes de proporcionalidade
directa ou inversa, apresentadas de diferentes
formas indicando a constante de
proporcionalidade

Explicar o conceito de aplicag¢do ou fungéo
como correspondéncia entre dois conjuntos e
dar exemplos relacionados com outras
ciéncias

Reconhecer em correspondéncias as que sao
funcoes

Justificar quando uma correspondéncia é
funcéo

Relacionar, de forma intuitiva, a inclinagdo
da recta com a constante de
proporcionalidade, numa funcéo do tipo

y=ax

Explicar o significado dos coeficientesa e b

Observar regularidades e estabelecer leis
matematicas que expressam a relacéo de
dependéncia entre as variaveis

Explain the concept of correspondence and
give examples

Differentiate the direct from the inverse
proportionality

Solve life problems (percentages, interest,
taxes, scales, etc) that involve direct and
inverse proportionality

Recognize situations of direct and inverse
proportional magnitudes presented in
different ways and find the constant of
proportionality

Explain the function concept as the
correspondence of two sets and give
examples from other sciences

Recognize functions among correspondences

Justify when a correspondence is a function

Relate, intuitively, the slope of a line with the
constant of proportionality of the function

y=ax

Explain the meaning of the coefficients a
and b

Observe regularities and establish
mathematical rules that express the
dependence relationships between variables

Table 13: Principle-based objectives
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Relacionar o conceito de funcédo a Relate the function concept with the life
conhecimentos préaticos da vida problems

Resolver problemas concretos da vida Solve life problems applying linear functions
aplicando funcgdes lineares

Interpretar fenémenos da vida, representados  Interpret daily life phenomena represented by

através de gréficos de funcdes lineares linear function graphs

Relacionar os angulos inscritos e central Relate the inscribed and central angles
Relacionar as amplitudes dos angulos ao Relate the amplitudes of the central angles
centro e angulos inscritos com as amplitudes  and the inscribed angles with the amplitudes
dos arcos correspondentes of the arcs correspondents

Table 13:Principle-based objectives (continuation)

In addition to the aforementioned differentiation, the analysis focused on the contexts, or
domains of practice, mentioned, that is, the mathematics context and the everyday context.
Therefore, according to the setting and the modes of expression contained in the formulations, |
found 22 occurrences of esoteric domain texts (presence of mathematical expressions and
contexts) and 4 standards categorized as descriptive domain (presence of mathematical modes
of expression in the everyday contexts). Additionally, 2 standard formulations allow more than
one interpretation, since they do not make explicit the settings they are driven from. For
instance, the statement bellow may be enacted through mathematics or everyday contexts:

Usar propriedades das propor¢cbes na Use the properties of proportions in the task
resolucédo de problemas solutions

Therefore, this and other similar sentences were included in both domains: the esoteric and the
descriptive one.

The mathematical modes of expressions found in the topics under study include alphabetic
symbols such as a and b to denote the coefficients of a linear function or x meaning a variable,
and technical terms such as “proportionality”, “function”, “equation”, “inscribed angle” and
“central angle” among others.

All but two standards belonging to the descriptive domain seem to suggest to be enacted
not to introduce and evolve the concept but to apply them after their acquisition as it is phrased
in the following statements:
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Resolver problemas concretos da vida
aplicando funcdes lineares
Interpretar fenémenos da vida,
representados através de graficos de funcées
lineares

Solve daily life problems applying linear
functions

Interpret daily life phenomena
represented by linear functions graphs

In addition, the content topics are broadly presented in a way that makes it impossible to
determine if they suggest a technique-based content or a principle-based content so that it
depends on the way the teacher will interpret and enact the topic the classroom. However, the
topics may be analyzed from the point of view of the location of language used. Accordingly,
the content topics were distinguished into belonging to an esoteric or a descriptive domain as is
depicted in the tables below.

Esoteric domain - Content

1. Coordenadas Cartesianas 1. Cartesian system
¢ Sistema de Coordenadas Cartesianas e Cartesian system

o Identificagdo das coordenadas de um
ponto no Sistema de Coordenadas
Ortogonais

2. Func0es lineares

e Conceito de funcgdo linear

o Representacdo gréafica de fungdes do tipo
y=ace y=ax+b

e Determinagdo de uma
analitica duma recta

3. Angulos na circunferéncia

e Angulo central e angulo inscrito

e Angulo inscrito sobre o didmetro

e RelacBes entre angulo inscrito e angulo
central

e Angulo inscrito cujo lado passa pelo
centro

e Angulo inscrito que contém o centro

e Angulo inscrito que ndo contém o centro

expressao

e Identification of coordinates of a
point in the Cartesian system

. Linear functions

e Concept of linear function

e Graphical representation of the
function y=ax and y =ax+b

e Determination of an analytical
expression of a straight line

. Angles in the circumference

e Central and inscribed angle

e Inscribed angle on the diameter

e Relations between the inscribed and
the central angles

e Inscribed angle, whose side passes
through the centre

e Inscribed angle, that contains the

centre

Inscribed angle, that does not contain

the centre

Table 14: Esoteric domain in the content standards
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Descriptive domain - Content

1. Funcgdes lineares 1. Linear functions
¢ Introducgdo do conceito de aplicacdo ou ¢ Introduction of the concept of function
funcdo a partir de situacdes da vida from practical life situations
préctica

Table 15: Descriptive domain in the content standards

That it is coded as descriptive domain text and not as public domain lies in the fact that there
should be a mathematical concept developed, as stated. What for the teacher/ textbook starts as
public domain, becomes descriptive domain when the teacher/ textbook at some point describes
the sitiation with mathematical language.

The following content topics were not categorized either as belonging to esoteric nor to
descriptive domain, because they are open to more interpretations. The students may have acess
to these topics entering the esoteric domain via a public or a descriptive domain texts.
However, the texts may remain in the public or descriptive domain not inviting the students
into the esoteric domain of mathematics acticity.

Open to more interpretations - Content

1. Coordenadas Cartesianas 1. Cartesian system
e Proporcionalidade directa e inversa e Direct and inverse proportionality
o Constante de proportionalidade ¢ Constant of proportionality
e Conceito de correspondéncia e Concept of correspondence
2. Funcdes lineares 2. Linear functions
o Definic¢do do conceito de aplicagdo ou o Definition of the concept of an function
funcdo como uma correspondéncia as a correspondence between two sets
entre dois conjuntos e Concept of dependent and independent
e Conceito de variavel dependente e variable
variavel independente ¢ Find the image of a function
e Determinagdo da imagem de uma e Modes of defining a function
funcéo e Surjective, injective and bijective
e Modos de definir uma aplicagdo function
o AplicacGes sobrejectivas, injectivas e
bijectivas

Table 16: Text open to interpretation in the content standards

Similarly, some competencies descriptions were considered to belong to the esoteric and others

to the descriptive domain, as it is displayed in the tables below.
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Esoteric domain - Competencies

1. Proporcionalidade e Funcdes lineares 1. Proportionality and linear functions
e Representa um ponto no plano e Represent a point in the plane
cartesiano e Find the constant of the direct and
e Determina a constante de inverse proportionality
proporcionalidade directa e inversa e Apply the property of the proportion to
e Aplica a formula fundamental das solve problems

proporc¢des para resolver problemas

Table 17: Esoteric domain text in the competency standards

Descriptive domain — Competencies

1. Proporcionalidade e Fungdes lineares 1. Proportionality and linear functions

e Reconhece a necessidade e importancia e Recognize the need and importance of
das fungdes na resolucéo dos the functions in solving problems in the
problemas da vida daily life

¢ Interpreta o conceito de funcao linear, o Interpret the concept of linear function,
aplicando-o na resolucdo de problemas applying it to problems related to the
vinculados a vida e outras disciplinas daily life and other subjects

e Mostra autonomia, disponibilidade, e Show autonomy, readiness for action,
interesse e responsabilidade na interest and responsibility in solving
resolucdo de problemas relacionados problems related to linear functions
com funcdes lineares e Show to be critical in the graphical

e Mostra espirito critico na interpretacéo interpretation that reflects daily life
grafica que reflecte fenémenos da vida phenomena represented by linear
representados por fungdes lineares functions

Table 18: Descriptive domain in the competency standards

The competencies presented bellow are open to interpretation since this differentiation may be
made through an esoteric or a descriptive text and the graphs and tables may drawn from
everyday or mathematical settings.

Open to more interpretations - Competencies

o Diferencia proporcionalidade directa da o Differentiate the direct and inverse

inyer_sa - proportionality
e L& einterpreta tabelas e graficos e Read and interpret tables and graph

Table 19: Text open to interpretation in the competency standards

Among these competences two were classified as principled texts as the students have to have
the principles of the discourse to accomplish them. They are “Lé e interpreta tabelas e graficos”
and “Diferencia proporcionalidade directa da inversa”.
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The examination of the methodological guidelines showed how the aforementioned content
topics were re-described in terms of proposed activities in the classroom. The text starts making
a point about the importance of the concepts of the topic proportionality and linear function for
other subjects and for the valorisation of some daily life phenomena, attempting in this way to
weaken the boundaries between school mathematics, everyday practices and the other school
subjects. The intra-discursive relation can be seen as well in the proposed approach starting
from texts located in the public domain such as the abovementioned and the inter-discursive
relation in the suggestion to use the previous knowledge about direct proportionality to
introduce the concept of correspondences with examples located in the public domain:

Ha uma correspondéncia entre a sementeira  There is a relationship between the sowing
e a Chuva and the rain

The text in the document suggests that the students must not just be exposed to a public or
descriptive domain and remains there, but the instructional discourse has to enter them into the
esoteric domain using specialized language such as definitions and mathematical symbols.

The inclusion of the everyday knowledge and the inter-disciplinarily is illustrated in
addition in the two proposed tasks recruited that recruit private settings and settings in the
physics subject, namely an invoice of a telecommunication company and the displacement of a
mobile. A third proposed task intends to form a localizing example of the construction of the
graph of the function y =x+5 a generalization of a linear function and its graph as a straight
line. In addition, the teacher is urged to explore the properties (domain, co-domain, zero,
ordinate at the origin, abscissa at the origin and monotony) based on the previous sketch, which
means using a graphical representation, strengthening the framing over selection and criteria.
Furthermore, the text suggests that the exercises must be diversified across the graph sketching,
identification of the properties, determination of the slope, calculating the analytic expression
given the respective graph and interpreting daily life phenomena and of other subjects (physics,
chemistry, etc) through a linear function, making explicit in detail what is valorized in the
topics, thus an overall strongly framed discourse in relation to the criteria.

None of the proposed tasks recontextualises the objective that relates the constant of the
direct proportionality and the slope of the corresponding straight line. This objective was
weakly framed by the syllabus, meaning that its recontextualisation in the classroom depends
on the textbook/teacher interpretation.

The structure of the text presented in the syllabus does not make an explicit appeal to the
students’ access to the principles of the mathematics, being the potential emergence of

66



principle-based reasoning in the classroom dependent on the teacher interpretation of the
Declamation section, beliefs, ideologies, pedagogic and scientific knowledge.

Further, the analysis suggests that the topic proportionality and linear function in the
Mozambican grade 8 syllabus appears to be apparently weakly classified in relation to the
content due to the blurred bounderies between the other subjects and the everyday knowledge.
In addition, the guidelines are not clear about the degree of specialization in the subtopic
proportionality in contrast to the subtopic linear function where the use of symbolic expressions
is explicitly reccomended, pointing to a weaker classification and framing over the criteria in
the proportionality topics, whereas the text is strongly classified and framed over the criteria in
the linear functions. That is, the topic function is constituted as esoteric domain.

Turning to the topic central and inscribed angles, the methodological guides’ suggestion is
to start with definitions of an angle and then central and inscribed angles. To relate the central
and the inscribed angles with the correspondent arcs, it is recommended that the students work
in groups. Each group draws a circumference with a given radius r and center O and two
central angles with the same amplitude. Then they are asked to measure the angles, the length
of the arcs and draw a conclusion; after that the teacher gives the theorems. The same is
reccomended for the inscribed angles and the remaining properties. According to the text after
each task description, the answers are written on the blackboard and compared, and then the
rule is generalised. The text calls into attention that the teacher must tell the students that the
differences they will find are due to the measurement that gives only approximate values.

Finalizing the guides for this topic the syllabus states that all problems related to the
inscribed angle in a semi-circumference and inscribed angle in the same arc must be
demonstrated. In the context of the discourse the last suggestion revealed either a tension with
the activity proposed before or the inconsistency of meaning of the word demonstration.

The activities proposed belong to the esoteric domain, with strong internal and external
classification pointing to a strict specialization of the mathematics language, however the
content to be delivered is not principle-based.

In the topic central and inscribed angles the objectives, the content, the competency and the
methodological guidelines reveal a strong demarcation between discourses of different subjects
areas, within the mathematics and towards the everyday life knowledge. The syllabus proposes
the students to enter pure mathematical reasoning. The recommendation is to demonstrate some
properties what illustrates the intention of giving the students access to the principles
generating the knowledge.

In this topic the group work modes of interaction in the classroom is explicitly encouraged
in contrast to other topics where there is an absence of guidelines for classroom management,
strengthening the framing over the social base of the transmission.
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The selection of the subtopics and its rigid sequencing seems to frame the relation between
Ministry of Education (MEC) and the Institute for Development of Education (INDE)
teacher/school as | will discuss in the next section.

5:1:3—Fhe Teacher’s Space in the Curriculum Network

As was seen, the new curriculum on one side represents a preservation, with the content and the
method guided by previously stated objectives, and on the other side a transformation towards
competences, in addition to content lists, with a focus on the learners in the pedagogy. The
teacher, whose voice was at some extent ignored in the discussion about the curriculum, stands
now in front of the students with the official document, to enact in the classroom what the
curriculum prescribes. Interesting is to reflect about the interplay between the present syllabus
structure and teachers’ potential autonomy in the classroom. This means considering the
ME/INDE and the teacher as transmitter and acquirer (Bernstein, 2000), respectively, and
looking at the form of the instructional discourse and the establishment of the control
relationships between who generates the document and who has to implement it. The
MEC/INDE defines the methodological suggestions as:

Conjunto de procedimentos metodolégicos a
que o professor podera recorrer na sala de
aula com vista a atingir um melhor
desempenho das suas fungdes, o que se pode
traduzir tanto pelo uso adequado dos meios
auxiliares de ensino, variagdo das
actividades, como pelo cumprimento, com
éxito, dos objectivos de aprendizagem
visados.

A set of methodological procedures to
which the teacher can resort in the class-
room to achieve Dbetter performance in
his(her) function, which can be translated
either by the appropriate use of auxiliary
means of teaching, range of activities, such
as for compliance with success of targeted
learning objectives. (MEC & INDE, 2007,
p. 95)

In addition, it is claimed that the guidelines are simple suggestions for the teachers” pedagogic

practice and not a rule:

As Sugestes metodoldgicas ndo assumem,
necessariamente, um carécter obrigatorio,
ou de lei, como o cumprimento das
directrizes do programa. O seu proposito é
estimular a criatividade do professor, de
modo a permitir que o processo de ensino-
aprendizagem seja  activo, dindmico,
diversificado e cativante.
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The methodological suggestions do not
assume necessarily a mandatory character,
or law, as compliance of the guidelines of
the syllabus. Its purpose is to stimulate the
creativity of the teacher in order to allow the
process of teaching and learning is active,
dynamic, diverse and captivating. (MEC &
INDE, 2007, p. 95)



To support this recommendation in the re-description of these guidelines it was tried to use the
verbs in the conditional mode or resorting to the terms sugere-se (to suggest), aconselha-se (to
recommend), espera-se (to expect). However, the syllabus seems to be detailed in such a way
that the teacher may take it as an example of a ready-made skeleton of a lesson plan.

This fact suggests going further and exploring the extent to which the present official
document may establish a potential relationship between ME/INDE and teacher/school.
Therefore, the procedures in the methodological suggestions proposed with the goal of
promoting students’ reasoning and construction of concepts were analysed, taking into account
the use of academic and non-academic contexts, the sequencing, the social base and the criteria
of evaluation (Bernstein, 2000).

Bernstein’s (2000) framing concept, whose values vary from weak to strong, refers to the
control relationships between categories. If the transmitter has control in the relationship the
framing is strong and otherwise it is weak.

| assigned to each chunk of text indicators with framing values graded from F~ to F™
borrowed from Neves and Morais (2001) in accordance with the degree of the control the text
gives teachers, what means the degree of teacher’s independence to act in the classroom.
Teacher autonomy is higher and lower if the framing is valued as 7~ and F, respectively.

F~ - The guidelines are not detailed, the ME/INDE intention is mostly implicit

F~ - The guidelines are expressed in a vague way, the ME/INDE intention is less implicit

F" - The guidelines are expressed in a less unspecific way, the ME/INDE intention is

more explicit

F™ - The guidelines are expressed in a clear and specific way, the ME/INDE intention is

explicit
The analysis refers to the methodological instructions of each of the topics of the grade 8
syllabus: rational numbers, linear equations, proportionality and linear functions, system of two
linear equations of two variables, circumference and circle and triangle, congruence and
Pythagoras theorem. In addition | concentrated my attention on the proportionality and linear
functions topic, which is the one | observed teachers teaching.

In general the chunks of texts in the methodological guidelines give sequences of

2

teacher/students activities, when working out a topic, using the expressions “Primeiro ....

(first ...), “A seguir....” (Next...), “depois ....” (after that ....), “imediatamente ....”
(immediately ....), “antes da resolucdo de problemas ....” (before the problem resolutions ....),
“no fim ....” (at the end ....). In addition, concrete tasks and the steps for the resolutions are

given. The message is characterized either by expressions conveying the idea of command with
an imperative voice such as ‘should do’ or by verbs that are more suggestive as for example ‘to

69



propose’. The Table 20 shows that the occurrence of the imperative expressions is higher than
the other in the different sections of the syllabus.

Framing and Occurrences
; 2 S 1 Lo
Expressions z § § § % 8 §
g |g° |22
Should (Dever) F 10 2
Important (Importante) F* 1 1
Could (Poder) F 10 2
Propose (Propor) 2 1
Suggest (Sugerir) - 2
Recommend (Aconselhar) 1
Expect (Esperar) 1

Table 20: Types of message

Since the message is clearly explicit, teacher may understand what knowledge, communication,
social relation and evaluation criteria are considered valid in the classroom. Therefore, the
ME/INDE has an apparent control over the selection, sequence, pacing and evaluation criteria,
which may diminish teacher’s room for recontextualisation. Accordingly, the framing is strong
in relation to the instructional discourse. At the same time, the syllabus text translates the
evaluation criteria, indicating the legitimate text in the mathematics classroom. The explicitness
of the text message in relation to how the topics must be introduced and unfold provides the
teacher with tools that may be used to challenge the efficacy of the pedagogical methods
proposed seeking alternative methods and weakening the framing in respect to the regulative
discourse, underpinned by the rules of hierarchy. Furthermore, as classification describes the
‘power relations’ between transmitter and acquirer, telling ‘who’ is to be taught and ‘what’ is to
be learned, the text illustrates the authority of the syllabus authors.

The increased centralised power of the present curriculum message involves strong
classification between ME/INDE and teachers. The visible pedagogy may be justified by the
Mozambican educational context, where teachers are expected to have poor pedagogic and
scientific knowledge, the classroom size is insufficient, scholarly resources are often missing,
and with a pressure posed on teachers to cover the curriculum in such a way that pupils succeed
in formal examinations in Grade 10.
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5.1.4 Summary

The Mozambican grade 8 syllabus is a relatively large in size and includes an introduction
section with a declamation of the aims and goals of the official educational policy, a thematic
plan, tables with the specific topic-related objectives, and corresponding content accompanied
by methodological suggestions and performance indicators. It includes a section about
assessment and a recommended bibliography.

The declamatory section states the curriculum as competence based and introduces
innovative aspects, such as to develop students’ reasoning and argumentation, and to employ a
learner-centred pedagogy. However, the content selection is driven by objectives instead of
being informed by competences. There is an inconsistency of the language referring to the
same mathematical objects across different sections. Reference to logical thinking,
argumentation and reasoning is generally sparse. “Argumentation”, for example, only appears
in the Declamatory section and in the Assessment section.

There are differences in approach in relation to different mathematical topics. The topic
proportionality and linear function appears to be apparently weakly classified in relation to the
content due to the blurred boundaries between the other subjects and the everyday knowledge.
In addition, the guidelines are not clear about the degree of specialization in the subtopic
proportionality in contrast to the subtopic linear function where the use of symbolic expressions
is explicitly recommended. In the topic central and inscribed angles all activities proposed
belong to the esoteric domain, with strong internal and external classification pointing to a
strict specialization of the mathematics language, however the content to be delivered is not
principle-based. The proposed student activity including measuring of angles remains unlinked
to the rest.

The syllabus in most sub-topics ascribes the teacher the role of introducing mathematical
generalizations, definitions, rules or principles after a student activity, which contradicts the
innovative aspects. In addition, there is no consistency across the remaining document in the
re-description of the pedagogic aims in terms of activities to be enacted in the classroom. This
evidences a difference in ideology and knowledge between the developers of the general
declamatory sections and the ones who developed the more detailed sections. In addition the
section with the objectives introduces ideas not followed up in the other sections. Generally,
this is the case with those objectives that have been classified as principle-based, in contrast to
technique-based in the analysis.

The methodological sections can be used as a kind of lesson plan and consequently these
are the sections most likely looked at by teachers. There is a clear and explicit message in this
sections about how the topics should be introduced. Through the detailed methodological
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prescriptions, the syllabus text translates the evaluation criteria into the legitimate text in the
mathematics classroom. Furthermore, in making it clear ‘who’ is to be taught and ‘what’ is to
be learned, the text illustrates the authority of the syllabus authors.
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5.2 The Recontextualisation of the Curriculum in the Textbooks

5.2.1 Introduction

Although in Mozambique the textbooks are usually not used by the students in the classroom
because they are too expensive, teachers use them as a source for planning their lessons, as was
confirmed in the teacher interviews. Moreover, the curriculum document supports the use of
textbooks by teachers through stating:

“Os programas de ensino, os materiais "The syllabuses, school materials, especially
escolares, sobretudo o livro do aluno e o the textbooks and teacher’s manual are tools
manual do professor sdo instrumentos que that facilitate the teacher work... " (MEC &
facilitam o trabalho do professor ...” INDE, 2007, s. 17)

Consequently, textbooks shape the teaching in Mozambique in parallel with the syllabus or as
the teachers’ only source. Thus it is necessary to analyze how the textbooks recontextualise the
new mathematics curriculum. For the analysis in this study two very common textbooks have
been chosen: “Matematica 8% Classe” (Langa & Chuquela, 2009) and “Saber Matematica”
(Sapatinho & Guibundana, 2009). The textbook topics studied include proportionality, linear
function, and central and inscribed angles, as these were taught in the observed lessons in the
five schools of the study. The detailed outcomes, together with the analytical tools used, are
presented in the following sections. The analysis of these themes comprises topics coverage in
relation to the syllabus, sequence and structure, connections across topics and subject areas,
mathematical knowledge domains, nature of language and tasks.

5.2.2 General Structure of the Books and Topics

In both textbooks the content is often presented in short introductory texts, complemented by
two types of tasks designated as “Exemplo” (Example) and “Exercicio” (Exercise). The former
have the function of exemplifying a concept or procedure. They are in this study referred to as
“worked tasks”. The latter are proposed tasks to be solved by the students.

The table of content reveals that both textbooks cover the same topics, namely the ones
recommended by the syllabus, although with different extent and differentiation. They include
coordinate system, proportionality and linear functions, and central and inscribed angles, in the
same order as in the syllabus.

In the “Saber Matematica” the topic “proportionality and linear functions” is developed
throughout 32 A5 pages. It comprises 11 sections, some of which with subsections. However,
in some cases the sections would have been better labelled as subsections. For instance, the
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Section 8: “Graphical representation of the function y=ax” rather should be a subsection of
Section 7: “Concept of linear function”. The same topic is covered in 26 A4 pages with only 3
sections, of which all have subsections, in the textbook “Matematica 8* Classe”. The geometric
concepts “central and inscribed angles” are covered in “Saber Matematica” in three A5 pages.
The “Matematica 8% Classe” structures the theme in one section topic in four A4 pages,
subdivided into two subsections.

In none of the textbooks the use of ICT or calculators is mentioned, nor is there any para-
graph dedicated to the history of proportionality, functions or the geometric concepts in study.

5.2.3 The Syllabus Topics Coverage

The Table 21 below presents an overview of how both textbooks cover the syllabus themes in
the topics “proportionality and linear functions” and “central and inscribed angles”. The table
only summarises whether there is reference to out-of-school practices and whether there are
explanatory texts provided for the sub-topics, and if so the mathematical approach is shortly
explained. This table only serves as an orientation for the reader.

Syllabus content Matematica 8* Classe Saber Matematica
Point position in a
plane
Ordered pairs in the
Cartesian system Recruitment of everyday contexts, use of Cartesian Coordinates

Points and their
coordinates

Notion of direct and
inverse Mathematics and everyday contexts | Everyday contexts
proportionality

Problems related to

T Context from geometry, physics, Context from geometry, physics,
proportionality . .
(percentage, interest mathemat_lcs, tax and everyday mathemat_lcs, scale and everyday
' ' personal life personal life
tax, scale)
Constant of Formulae and short explanation meaning (in everyday language) of the
proportionality constant of the proportionality

Recognition of
proportional
magnitudes

Through tables and word problems

Table 21: Coverage of the syllabus content by the textbooks (continues)
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Properties of
proportions

Through worked tasks, without
reference to the concept or
explanation of the procedure

Absent

Concept of
correspondence

Short explanatory text:

Description of correspondences by
listing the property of its elements
and through a Venn diagram

Use of the expressions “relation
defined by ...”

Short exposition in the form of
question-answer:

Description of correspondences by
listing the property of its elements
and through a Venn diagram

Use of the expressions “relation
defined by...” and “rule”

Concept of function

Short text drawing on a
correspondence through a Venn
diagram, table, graphs and the
property of its elements
Definition

Use of the definition to distinguish a
function from a correspondence in
the worked tasks

Introduction of the dependent and
independent variable through a
geometric example P =4l

Short text drawing on a
correspondence through the Venn
diagram, tables, graphs and the
property of its elements
Definition

Introduction of the dependent and
independent variable through the
symbolic representation y = £(x)
Use of the definition to distinguish a
function from a correspondence in
the worked task

Value determination

Through diagrams, table of values,
expressions and graphs in the
worked task

Short exposition with the symbolic
representation y = f(x)

Domain and co-
domain

Short sentence drawing on a Venn
diagram
Worked tasks using tables

Short exposition. Use of diagrams in
the worked tasks and analytic linear
function expressions in the proposed
tasks

Classifications of
functions

Short text using diagrams
Tasks drawing on diagrams and
graphs

Short exposition, use of diagrams in
the worked tasks

Linear function

Notion of a linear function
Symbolic representation with
explanatory text

Notion of a linear function
Symbolic representation without
explanation

Table of function
values

Graphical
representation

Instructions and examples

Table of values displaying
computations without explanatory
text

Shared construction

Table 21: Coverage of the syllabus content by the textbooks (continues)
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Zeros of the function

Short exposition using graphs and
expressions

L b
Generalization x=—-—,a#0
a

Short exposition using a graph and
analytic computation of a specific
function

Meaning of
coefficientsaand b

Notion of slope as the angle formed
by the straight line and the positive
X-axis

Analytical procedure to calculate b,
named ordinate in the origin
because x is in the origin

Notion of the concept rate of change

using two general points (x,,y, ) and

(x,.y,) in the functiony = ax+5 to

deduce the formula @ = 2221 by
Xy =X

subtracting y, = ax, +b from

Yy =ax +b

The coefficient a as a measure of the

slope of the straight line

Graphical representation of notion
of interceptions with the axes
followed by analytical resolution
Representation of different graphs
of the type y = x+b and the
conclusion that the y-axis
intersection is always opposite to
the x-axis intersection
Representation of different graphs
of the type y =ax, a>0 and the
conclusion that the slope increases
(decreases) with the increasing of
the value of a

Notion of the concept rate of change
using two specific points (0,0) and
(1,2) in the functiony =2x and the

ready-made formula a = Y27h

Xy =X
Representation of increasing/
decreasing functions and conclusion
that if a is positive/ negative the
straight line increases/ decreases
Table displaying symbolic,
graphical and verbal representations
of the three alternatives a <0,
a>0and a=0

Analytic expression

Worked tasks given a graph

Elicit two points, being one (0,6)

and use of the b value and the

formula a=22"2" to obtain the
Xy =X

symbolic expression

Eliciting from the graph two points
and resolution of a system of two
equations (although this concept
comes later)

Table 21: Coverage of the syllabus content by the textbooks (continues)
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Relation between the
slope of a straight
line and the constant
of a direct
proportionality

Proposed task, requiring the
comparison of the constant of
proportionality and the slope of
given straight lines (to relate the
constant of proportionality of two

magnitudes with the slope)

Mention of the direct proportional
relation between x and y in the
graphof y =ax

Observation of regularities and expression of
mathematics rules for variable dependence

relationships.

Not mentioned

Linear function relation with “real problems”

Resolution of real problems

Not mentioned

Interpretation of real phenomena

Definition of central and an
inscribed angle

Characterization of an
inscribed angle subtended by a
diameter

Relate central and an inscribed
angles

Relate the amplitudes of central
and an inscribed angle with the
amplitudes of the
corresponding arcs

Notion of a central and an inscribed angle.

Enunciation of the property and
its demonstration

Worked tasks: drawing a
perpendicular to a straight line
without using a protractor
Finding the centre of a given
circumference with a protractor

Enunciation of the property and
its demonstration,
differentiating three cases: on
side passing through the centre,
the centre in the inscribed
angle, the centre outside the
inscribed angle

Enunciation of the direct
proportionality between the
amplitude of the center angle
and the corresponding arc

Enunciation of the property
Use of a right angle that is not
an inscribed angle

Enunciation of the property

Enunciation of three properties
relating two equal angles and
the corresponding chords and
arcs,

Table 21: Coverage of the syllabus content by the textbooks

Note: The topics Cartesian system and proportionality are first taught in Mozambique in grade
7. The Grade 8 syllabus recommends a revision through diversified tasks.

Both textbooks cover the objectives stated in the syllabus for the subtopic Cartesian system
proportionality in more or less the same way. The difference lies in the pedagogic resources
used to deliver the content and the inclusion/ omission of the proportion property.
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As indicated in the Table 21, the both textbooks resort to settings from everyday life or
from other subjects and both textbooks seemed to have accomplished all but 4 of the objective
standards and the methodological instructions of the syllabus regarding the topic linear function
in their very short expository texts. Geometric concepts are presented in both textbooks purely
through mathematical language, including definitions and properties, and some demonstrations.

In comparing the topics, one can see weaker classification in the topic proportionality,
stronger in functions and strongest in geometry, both in form and content. However, there are
differences in the routes the books provide into the esoteric domain of school mathematics, also
in the same topics. These possible pathways have been studied through coding passages of the
expositions and tasks in terms of knowledge domains. An altered version of “four domains of
action” (e.g. Dowling, 2009) that can be identified in institutionalised practices of groups who
share a set of criteria for who can say or do what and how, as for example in school
mathematics. Institutionalisation here is interpreted as establishing principles for knowledge
classification.

5.2.4 Routes Through Domains of Knowledge

(School) mathematics is constituted by non-arbitrary content, which includes formal
mathematics expressed by mathematical notations and language, for example comprising in the
Mozambique grade 8 curriculum number sets, geometric figures, functions, etc. This domain is
referred to as the esoteric domain (see Chapter 3, theoretical framework). Textbooks authors,
following suggestions in the syllabus, introduce this specialized content through arbitrary
settings accessible to the students or through metaphors from familiar contexts. Whereas in the
esoteric domain text the modes of expression (signifiers) and the content (the object of
reference) are both strongly classified, the strategies amount to weakly classified text terms of
expression or content or both. As was mentioned in Chapter 3, a text presenting formal
mathematics (modes of expression) that refers to a non-mathematical context is called a
descriptive domain text, if it is the other way round, expressive domain text. If both are weakly
classified, the result is public domain text. Based on (Halliday & Joos, 1996), Dimopoulos et
al. (2005) employ the notion of formality in their analysis of science textbooks. This dimension
here was introduced only for the aspect of “terminology and notation” (without taking grammar
into account), to describe the degree of mathematical elaboration and specialisation within
esoteric domain and descriptive domain text, that is, when the forms of expression are strongly
classified. Formality of terminology and notation can be considered high if terms, symbols and
equations appear. Here the formality is described as high, middle and low.
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In the table below, the fours domains are abbreviated as follow: esoteric (ESO), public
(PUB), expressive (EXP), and descriptive (DES). In addition, the degree to which in the
introduction the mathematical principles were made explicit (e.g. through definitions and
proofs, properties and demonstrations providing a logic for a technique) or rather remained
implicit (e.g. in a procedure) have been used as a simple dichotomy, noted as principled
esoteric domain, if principles were made explicit (abbreviated as ESO-princ in the table).
Further, esoteric domain content was differentiated between remaining within the same
mathematical topic or drawing relations to another mathematical topic (ESQin, ESOout in the
table). The Table 22 provides an overview of the different strategies, which will be exemplified
through detailed descriptions in the subsequent section.

Issues

“Matematica 8 class”

“Saber Matematica”

Coordinate system

ESOin-princ=> DES->
ESOin-princ
Formality (high): inter-
related symbols and
verbal mathematical
language

PUB-> ESOin-princ
Formality (high): inter-related
symbols and verbal
mathematical language

direct

Proportionality

ESOout-> ESQin
Formality (high): inter-
related symbols and
verbal mathematical
language

PUB-> DES-> ESOin
Formality (low): everyday
language with symbols

inverse

EXP-> ESOout-> ESOin
Formality (middle):
symbol and verbal
mathematical language

DES-> ESOin
Formality (middle): symbol and
verbal mathematical language

Correspondence concept

EXP-> ESOin-princ
Formality (middle):
diagram, verbal
mathematical language

PUB-> EXP-> ESQin
Formality (low): verbal
everyday and mathematics
language

Concept of function

EXP-> ESOin-princ
Formality (middle):
verbal mathematical
language, tables, graphs

PUB-> DES-> EXP~>
ESOin> EXP

Formality (middle): symbol,
formal mathematical language,
tables, graphs

Table 22: The domains of knowledge (continues)
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Dependent and independent
variables

ESOout-> ESOin-princ
Formality (middle):
symbols, verbal
mathematical language

EXP-> ESOin
Formality (high): symbols,
formal mathematical language

Classification of function

EXP-> ESOout-> ESOin
Formality (middle):
verbal mathematical
language, diagrams,
graphs

EXP-> ESOin

Formality (middle): verbal
mathematical language,
diagrams

Concept of linear function

ESOin-princ
Formality (middle):
verbal mathematical
language and related
symbols

ESOin

Formality (high): formal
mathematical language and
related symbols

Meaning of the coefficient a
and b

ESOin-princ
Formality (high): Inter-
related symbols, verbal
mathematical language,
graph

ESOout> ESQin

Formality (high): verbal
mathematical language, graph,
symbols

Zeros of a linear function

ESOin-princ
Formality (high): verbal
mathematical language,
graph, inter-related
symbols

ESOout-> ESQin

Formality (middle): verbal
mathematical language, graph,
symbols

Central and inscribed angles

ESQin-princ

Formality (high): verbal
mathematical language
and inter-related symbols,
figures

ESOin

Formality (high): verbal
mathematical language, inter-
related symbols, figures

Table 22: The domains of knowledge (continuation)

5.2.4.1 The Saber Matematica

The starting point of the concept of coordinate system is how to convey valid information or
references to localize a person, an object, a city or a house. Then, references to find a school, a
theatre and a student’s place are given. After that, in a short text, in specialized mathematical
language with symbols, entering into a highly formal esoteric domain, the concept of ordered
pair is introduced, starting from the distinction between objects of a set {a,b}={b,a} and

objects in an ordered pair (x,y). The Cartesian coordinate system and the representation of a
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general point P(x,y) are depicted, followed by one proposed task of marking points given the
ordered pairs or vice-versa.

To deliver the concept the authors move from the public to the esoteric domain. In fact, the
text begins the section with an example of a cinema desks disposition, which is a public domain
text, blurring the boundaries between everyday and school knowledge, and then is in the
esoteric domain, with highly specialized language and content. This means that the
classification has been strengthened suddenly. The esoteric domain is presented to the students
without any reference or relation to the public domain text that initiated the discussion. The
reasoning structure enables the students to access the principles that underly the notation
conventions.

The section about direct and inverse proportionality is divided into two corresponding
subsections. The direct proportionality text covers three A5 pages, one of each with proposed
exercises. It ends with a page of proposed miscellaneous tasks. In re-contextualizing a shopping
activity (dependence between weight/price) students are faced for the first time in this grade
with the direct proportionality supposedly taught in grade 7 as well. Another example deals
with distance covered over time. These examples are supposed to direct the students to the
conclusion about the behaviour of one magnitude when the other changes. The constant of
proportionality is introduced in the second example through the relation between bus ticket
costs and travelled distances.

Then, computation of the constant of proportionality of two direct proportional sizes in a
given table is presented. At the end, a list of exercises is presented. The exercises 2, 3 and 4 are
word problems and in question 5 the students have to find missing values in a table.

The topic inverse proportionality is presented on one page, and one additional with
proposed exercises. A table of speed versus time is used to introduce the concept. The
relationship between the two dimensions and the conclusion about the inverse proportionality
are stated in two sentences. Afterwards, the inverse constant of proportionality is introduced
and the “bird messenger” tells when two sizes are inverse proportional. Then, three exercises
are proposed, two of them to verify the inverse proportionality, determine the constant of
proportionality and to estimate the missing values, being the last a word problem. At the end of
the section five exercises are given, one requesting to recognise the type of the proportionality
in daily life situations, geometry and physics related settings (3 word problems) and one to
figure missing values. In both cases the graphs of the proportionality were not included.

The pattern of the concept evolution is similar of the one used for the Cartesian system.
The mathematical language emerges through strengthen of the classification between inter-
discursive texts. Although in both subtopics the texts provide the reader the access to the
esoteric domain, in the inverse proportional quantities the mathematical language is more
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formal than the one used in the direct proportionality, as the authors include abstract objects,
the formula expressing the relationship between two quantities. Once again, there was a gap in
the reasoning explanation, between the statement about the product of the speed values and the

corresponding time to cover the distance and the enunciation of the rule the y :; In
introducing the formula, the authors provide students’ access to abstract mathematics but in
that case without the principles that underlie the knowledge that would support the transition
from the descriptive to the esoteric domain.

The authors developed the concepts of correspondence and function recurring to a public
domain text that developed to descriptive and then to an esoteric one. The concept of functions
is first illustrated by social, biologics and physics phenomena and introduced through the use of
diagrams of correspondences, in an externally weakly classified text. Then, the topic unfolds
with the different ways of describing a function and its classification, leaning on an expressive
domain text. Moving to an esoteric text the dependent and independent variable and the object
and images concepts are presented through mathematical symbols y = f{(x), showing a high
formality. The principle behind, or a rationale for, this notion is not given.

The notion of linear function is preceded by a worked task, in the subtopic images
computations, asking to point the independent variable, the domain and the co-domain of

x—>y=2x+Lf =023}, and x—>y=2xf={23}. Later on, the authors bring to the
foreground the similarities of the functions x - y=2x+1, x—>y=-x+1 and x—>y=2x to
conclude with the notion of linear of function conveyed as following:

Todas as fungdes estdo definidas de R em R | All functions are defined on R into R

Todas as fungBes sdo do tipo f(x)=ax+b  All functions are in the form f(x)=ax+b
coma=0eabeR with a=0 and a,beR

And the reasoning is finalised with the sentence:

Toda a funglo deste tipo chama-se funcdo | Any function of this type is called linear
linear. function.

The explanatory text is from the beginning strongly classified and characterized by formal
mathematical language and using of symbols unknown for the reader at this level. The text
invites the reader to enter into the esoteric domain, but it does not provide the underlying
principles. Then supported by the example of a graph sketch the reader is directed to following
conclusions:
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O gréfico da funcdo y=ax, sendo a um
coeficiente constante, € uma recta que passa
pela origem dos eixos.

O gréfico da fungdo y=ax+b, sendo a € b
coeficientes constante e «=0, é uma recta.
Ao coeficiente b, chama-se ordenada na
origem.

The graph of the function y=ax, being « a
constant coefficient, is a straight line through
the origin of axes.

The graph of the function y=ax+5, being a
and b constant coefficients and a=0, is a
straight line. The coefficient b is called
ordinate at the origin.

The geometric meaning of the coefficients « and b5 is illustrated using graphic constructions.
Based on the sketch of y = x the focus is directed to the conclusion that the point (0,0) is the
intercept of the ordinate, which is at the same time the intercept of the abscissa. Then, through
the sketch of y =x, y=x+2, y=x-2, y=x+1and » =x —1the reader is called to attend to
the fact that the coefficient b, the intercept point changes the intercept abscissa is always its
opposite. The conclusion is drawn from a particular case of function of the type y=x—+4 and
no mention is made about the general case y=ax+5&. The reasoning was situated from the
beginning in the esoteric domain, where a move from an outside (of the topic in question)
esoteric to the inside esoteric domain is registered. However, as it can be seen the conclusion is
based on a particular situation, where the slope is the unit.

The rate of change is introduced using the graph of the specific functiony =2x . Two points
Yamn 270 =2. Then follow two
x,—-x;, 1-0
sentences saying that the rate is the constant in y=ax+5 and @ the angular coefficient of the
straight line. The authors, once again, start from a specific function y =2x and specific points
calculating the rate of change, generalizing the found rate as the constant of the function of the
type y=ax+b, which is also the slope of the straight line. In doing so, an unknown procedure
at this point was used to construct the reasoning, which means the text is in an unprincipled
esoteric domain. The high formality with unknown symbols introduced in the text and the
absence of coherent interrelation between the concepts does not allow easy access to the
specialized language.

(0,0) and (1,2) are arbitrary chosen and the rate computed

. . 1 1 .
Afterwards, four symbolic expressionsy =2x, y=3x, y =% and y =75 a corresponding

table of values and graphs are presented. The reasoning is directed to the slope of the straight
lines, and using a verbal mode it is made the relationship between the slope and the angle
between the straight line and the abscissas axis. In the same way conclusions are made about
the relationships between the sign of « and the slope. In the next step an analytic function,
given two points, is generated using a system of two equations with two variables, a concept
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treated only in the next topic. Finally, to discuss the sign of the function a table of data is
presented. Although, the graph was not sketched, | think by mistake, conclusions are drawn
about the intervals where the function is positive or negative. Here the explanatory text is based
on mathematical symbols.

The section about linear function is from the beginning to the end an esoteric text.
Nevertheless, the access to the principles behind the content taught is not afforded.

The discourse in the central and inscribed angle section is undoubtedly high formal
mathematics, with symbols and geometric figures. The text comprises declarative statements
that are supported by pictures and there nothing else the pictures justify the enunciated
properties. In that way, the reader enters an esoteric domain without explanations.

5.2.4.2 “Matematica 8 Classe”

The content of Cartesian coordinates covers three pages, beginning with an esoteric text
explaining the notion of Cartesian system. After three worked tasks about reading the
coordinates of points the notion of quadrants is delivered, the concepts are generalised, with the
introduction of the concepts of points, coordinates, abscissa and ordinate, and ordered pair. The
authors selected an esoteric text from the beginning. An exception is made in the introduction
of the concept of ordered pair, presented by a worked task recruiting an everyday life setting, in
a descriptive domain text. The notions and concepts unfold through a coherent and cohesive
explanation, using symbols (high formality), which allows the access to the principle behind
the content.

The content related to each type of proportionality is covered in one and a half pages. In
addition, worked and proposed tasks occupy two pages. To introduce direct proportionality
there are rectangles with the same basis. A table of the height « and the area A=axb with »

constant is depicted to substantiate the thesis “if the height of the first rectangle is multiplied by
1

2,3,4, n, 5 % and % to obtain the heights of the other rectangles, then the areas of the
rectangles are also multiplied by 2, 3, 4, n, % % and % Afterwards, a table of data, a graph
and the constant of proportionality are computed. Here is it to note the transition from the
specific heights to a general high r, which is the entrance to abstract mathematics.

The concept of inverse proportionality is introduced through the relation between a given
distance and the speed of different vehicles: a car, a bicycle, a motorcycle and a wagon pushed
by oxen. The reasoning line is structured in the way assuming the reader relates the time spent
and the distance covered by the vehicles to conclude that the quantities are inverse
proportional. As in the direct proportionality a table and the graph are created and the
conclusions about the concepts inverse proportional quantities, constant of proportionality and
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inverse proportionality are given. At the end of the explanation five worked tasks are presented,
requiring the calculation of the constant of proportionality, percentage and missing values. The
section ends with six mixed tasks: two related to the Cartesian system, one to bank interests,
one to direct proportionality, one to percentages and one to inverse proportionality.

Whereas the introduction of the inverse proportionality recruits everyday life settings, for
the direct proportionality there is mathematics context. In the former case the external
classification was weak at the beginning, and then the expressive domain text moves to a
mathematical language text without reference to the setting, the esoteric domain. In the latter
there is an internal weak classification, caused by the use of the concept of area of a rectangle.
Then this esoteric text from another mathematical area progresses to the mathematical language

. . . . 1 .
related to proportionality. The introduction of » and — turns the discourse more formal.
n

Despite the high formality of these symbols (involving a variable), which are at the same time
new for grade 8, the reader is not provided an explanation about the transition made.

As in the other textbook the introduction of correspondence, domain, co-domain, object
and image is made using diagrams. Additionally, the authors expand the representations to
table of values and graphs to explain the concepts. The function concept, objects and images
are illustrated by a general situation “... has the blood group ...”, through a weakly classified
text. The analytic expression and the notion of dependent and independent variable come out
of the computation of the perimeter and area of a square using the formulae P(1)=4l and
A(l)=1?, that is esoteric domain knowledge from another mathematical area. Contrary to the
“Saber Matematica”, analytic expressions using the variables x and y, and images
computations, appeared after an explanation of the concept of dependent and independent
variable through the examples with the perimeter and area of a square.

Similar to the other textbook, the classification of a function is also illustrated via graphs
representations in a worked task, but using mathematics setting in contrast, outside esoteric
texts. The topic interspersed expressive domain discourse with some esoteric texts, and moves
from outside to inside esoteric domain, which is more visible in the worked example. The
content delivered comprises principle based concepts and procedures, where worked tasks
expand the explanation, with explicit appeals to justifications.

Esoteric text is presented from the beginning to the end in the introduction to the topic
linear function, as it happens with the other textbook. The section begins with the definition of
a linear function as any function of the form y=ax+& followed by worked tasks of linear
functions including a constant function to indicate the coefficients. Differently from the other
topics the worked tasks do not include explanations of what is happening. Therefore, there is no
reasoning about the constant function. At the end of the topic in a proposed task, the reader has
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to describe the relationship distance/time of a route including segments with positive, negative
and null slopes displayed in a graph.
An explanatory text giving the steps to plot a graph is given followed by examples. The x-

axis intercept is introduced through the reading of a graph sketch of the function y:%x—l

(x=2) and then generalised by the symbolic computation of the equation ax+b=0 where
x __b is the zero of the function. The explanation started from a specific case and was then
a

generalised through the solution of the equation ax+b =0, providing the reader mathematical
language through principled esoteric domain.

Differently, the y-axis intercept is presented later when the geometric meaning of the
coefficients « and b is discussed. A graph sketch of the general function y =ax+b is displayed
and the statement “for x =0 (x in the origin) comes y=0<«< y=0x+b < y =D, the ordinate in
the origin.” Using the same sketch the slope of the line is obtained via two equations using two
arbitrary points belonging to the line P(x,,y,) and Q(x,,y,) that are substituted in the general
equation and the correspondent members of the two equations subtracted. Doing so, one
obtains the equation a(x,—x)=y,-y,and finally the desired formula a= Y27V The

X, =%
symbolic expression is tackled through a worked task using two points of given graph sketches,
being in all cases the point (0,5), to calculate a=Y2"Y and then substitute @ and a chosen

XZ X1
point between the two in the equation y=ax+b. The authors resort to strictly mathematical
language, using a strong classified text and high formality, with the use of symbols and
procedures that are unknown for the reader at this level. The authors follow a deduction in a
general case, thus they present a principled esoteric domain discourse.

The central and inscribed angle content is delivered through a strongly classified discourse,
with pure mathematics language inside esoteric domain. The discourse is internal and external
strongly classified. Differently from the other textbook, the demonstrations of the relationships
between the central and the inscribed angle is displayed, using symbolic language through
deductive reasoning based on the general case.

5.2.5 Appeals to Mathematical Reasoning in the Language

A Dbrief examination of the texts’ logic and coherence and of the employment of language that
refers to logic was undertaken. Morgan (1996) asserts that it is supposed to find logical
reasoning thematised in textbooks. Adverbs (therefore, hence), propositions (by, because of),
temporal themes (first, next, then, etc) conjunctions (so, because), nouns (the reason is ...)
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verbs (x causes y) are useful to construct a text with logical reasoning. Furthermore, some
processes and relations to reasoning that can be added to the previous repertoire are to prove, to
establish, to suggest that, to demonstrate, to notice a pattern (Stacey & Vincent, 2009).
Similarly, verbs such as predict, infer, draw conclusions, support, evaluate, generalize, justify,
validate are usually used to activate reasoning processes (Kim & Kasmer, 2006).

The examination of occurrences of discourses that include logical reasoning in the
textbooks was undertaken with the focus on the use of words and phrases mentioned in the
previous paragraph. There were found three words portanto, assim and por isso with similar
meanings in English (therefore). Besides, the meaning of the remaining terms contained in the
text entdo, agora, por essa razdo and donde (then, now or yet, for this reason and whence). The
table below shows the occurrences of these terms.

Words Matematica 8a Classe Saber Matematica

In conclusion Concluindo 2 3
Assim 1 3

Therefore Por isso 3 1
portanto 3 1

Then Entdo 1 1

First Primeiro 3

Now Agora 1 2

For this reason Por essa razdo 1

Whence De onde 1

Because Porque 1 2

What does this O que quer dizer 1

mean that que

Consequently Em consequéncia 1

Table 23: Logical connectors in the textbooks

The Table 23 shows the paucity of the logical connectors, whose frequency is higher in the
“Matematica 8* Classe” due to the inclusion of demonstrations, where 7 connectors were
applied.

Both textbooks present the content in paragraphs isolated from each other with minimal use
of logical connectors.

In the textbook “Matematica 8* Classe” the temporal terms first, second and now were
applied to explain how to find the Cartesian coordinates of a point and for plotting the graph of

87




a linear function. The expression “it can be conclude” closed the text of the development of the
concepts of objects and images of a function.

The adverb “therefore” connects the two sentences to construct a logical text to explain the
ways of describing a function, its classification and the notion of dependent and independent
variable. Finally, the axes interceptions segment is tackled with the help of the terms
“therefore”, “for this reason” and “whence”. The topic central and inscribed angles used seven
logical connectors in the demonstration of the relation between the central and inscribed angles,
taking into account the three position of the centre in relation to the angle, included the last two
new expressions in the table.

All but the notion of objects and images are approached by esoteric texts, some of them
with a very specialized modes of expressions such as the foot of the perpendicular and the
symbol < .

In the proportionality texts there were not found the aforementioned expressions. However,
the “if ... then” statement can be implied in the sentence:

Se a altura aumenta duas vezes, a area | If the high increases twice, the area will also
também aumenta duas vezes. increase twice. (p. 85)

The “Saber Matematica authors in turn, chose the terms “it is to be conclude” and “therefore”
to explain in a descriptive text the notion of direct and inverse proportionality and the concept
of function and the variable dependence respectively. Differently, they constructed the
knowledge of the axes intercept connecting the sentences with the terms “because”, “then” and
“therefore”. In the same line the use of adverbs, conjunctions, temporal terms and other
expressions alike helps to construct coherent esoteric texts to evolve the concept of rate
(because and now), the meaning of linear coefficients (therefore and in conclusion) and the
symbolic expression of a linear function (therefore and now). There is an absence of logical
connectors in the topic central and inscribed angles.

Besides the use of connectors the reasoning progression of some concepts is guaranteed by
the way the explanation was construct. Senk, Thompson, and Johnson (2008) provide a tool to
further analyze the occurrences of reasoning in the textbooks. Adapted from their types of
proof-related reasoning two categories were used to distinguish the types of reasoning in the
textbooks, the specific case based reasoning (SBR) and general case based reasoning (GBR),
depending if the explanation or justification is based on a specific or a general case or cases,
respectively. The Table 24 (next page) depicts the specific and the general based reasoning
encountered in both topics.
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Matematica 82 Classe

Saber Matematica

Ordered pair

Localisation of two different
buildings in a map. (The hospital
H(1,3) and the school S(3,1))

SBR

The order of the elements in the
set, {a,b} = {b,a} does not mater,
versus in an ordered pair (x,y) it
matters.

GBR

Point

If P —(x y)then x is the abscissa
and ythe ordinate.
If P(a,b) and Q(a,b) then P=Q,
(a,b)=(b,a) since a=b

GBR

Representation of P(x,y)in the
coordinate system and labelling of
the axis.

GBR

Proportionality

Direct proportionality in
mathematics context using a

specific case: SBR
Inverse proportionality in text
about physics SBR
Constant of proportionality
SBR
Conclusions SBR

Regularities in daily life contexts
(direct proportionality) and in a
physics problem (inverse
proportionality)  SBR
Constant of proportionality:
Specific case and general case

with the introduction of the
relation y _k GBR
X

Conclusions: SBR

Use of a daily life text with a
universal “real problem” (the

Use of daily life text (relations
between sets of numbers and

Functions S
blood group) GBR names and sports activities), i.e.
specific cases SBR
Functions Venn diagrams SBR Venn diagrams SBR

classification

Table 24: Specific case based (SBR) and general case based reasoning (GBR) (continues)
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Proportionality Mentioning in the section graph

and the linear Absent representation
function y=ax SBR
Dependent and Using the symbolic representation
independent SBR y=1x) GBR
variables
Meaning of the Reasoning through deduction Using graphs observations
coefficients GBR SBR
Central and
GBR GBR

inscribed angles

Demonstration of
relation between
central and
inscribed angle

GBR No demonstration

Table 24: Specific case based (SBR) and general case based reasoning (GBR)
(continuation)

The “Matematica 8% Classe” uses a map with some infrastructures corresponding to points in

the coordinate system to construct the text with a logical argumentation about the notion of
ordered pair, showing that the hospital does not correspond to the position (3,1) although both

figures are coordinates of its position to highlights the difference between the pairs (3,1) and
(1,3)in order to emphasize the main question, the order of the entry of the mathematics objects.
In addition, it uses a mathematical expression and words to launch the concept of a point.
”Saber Matematica” on its turn, constructs the reasoning about ordered pairs starting from the
students prior knowledge about general equal sets {a,b}={b,a} stressing the sequence matter of
the objects in the new concept and uses the plane to introduce the point. In so doing, the
“Matematica 8% Classe” and the “Saber Matematica” approaches were coded as SBR and GBR
respectively.

Both textbooks use regularities to explore the nature of proportional magnitudes and the
constant of proportionality in each case. The “Saber Matematica” textbook additionally

provides the relation y =— , but without any justification. Because the reasoning was modelled
X

through localized situations in both cases they fall into the category SBR.
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For introducing the concept of function the authors of both textbooks used correspondences
between sets. The “Matemética 8* Classe” chose the relation “...has the blood group ...”, which
is a function independently of the person names in the set. The assumptions made in the
textbook that each person has one and only one blood group is obvious and easy to understand.

The “Saber Matematica” introduces the concept of function using correspondences
between two sets of random numbers {(1.1),(2,1),(2,2)} and {(0,13),(10,20),(12,20),(15,31)}, or with
an established relation, {(2,4),(1,2),(3,6)}, or between a set of names of individuals and sports
modalities for example: {(Ana, futeball ),(Ana, judo ) Deize, basketball (Bella, volleyball )}. These
relations are valid only for the chosen sets and therefore are specific cases. The “Matematica 8°
Classe” approach was interpreted as general, although it uses a text about blood groups,
because the relation is wide-ranging (in contrast to the sports example).

Both textbooks use Venn diagrams with specific functions showing a limited number of
values to model injective, surjective and bijective functions and draw conclusions. Therefore,
they were coded specific cases.

The syllabus recommends relating direct proportional magnitudes with the linear function.
However, this relationship is not thematised in the explanatory text in the “Matematica 8
Classe”. But it is menationed in one proposed task, where a set of questions is structured
supposedly to attain this objective. The “Saber Matematica” makes a vague and isolated
reference in the beginning of the section in a short sentence, about the graphical representation
of the function y=2x where x and y are direct proportional magnitudes. Nevertheless, this
reasoning is only applied to this specific case and never taken up.

The “Saber Matematica” introduces the dependence of variables of linear functions and the
evaluation of the images via the area and perimeter of a square, which is a specific context. In
contrast, the “Matematica 8” class” provides an exposition based on the general representation
v =f(x), and therefore taken as referring to a general case.

The “Matematica 8% Classe” chooses the deductive modes of reasoning to explain the
meaning of the coefficients of a linear function, whereas the “Saber Matematica” relies on the
graph sketch. Hence, the first is general and the latter specific.

The authors of both textbooks resort to generalised explanations about the notion and
properties of central and inscribed angles. The “Matematica 8% Classe” presents in addition a
deductive demonstration of the relation between the two angles.

The explanatory texts about the remaining concepts were classified as presentations of
concepts, notations and methods without giving any reasons and therefore are not included in
the table. This analysis has been only concerned with the expository texts. An analysis of the
worked and proposed tasks is presented in the next section.
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5.2.6 The Interpersonal Relationship and Involvement of the Reader

The language choices in the text transmit ideological messages constructing the roles for and
relationships of the author with the reader (Herbel-Eisenmann, 2004). Morgan (1998) asserts
that the pronouns “I” and “we” play distinct roles in a text. The former refers to the author
activity and authority with respect to mathematics whereas the plural confers the idea that the
reader shares the responsibility with the author and participates actively in the process. On the
other hand, it could also convey the authority of a community of mathematicians, “we others
and not you” (Dimopoulos et al., 2005: 182). The use of second person may suggest either a
close relationship between the author and the reader or express a general process as the
examples illustrate:

Nos graficos que construiste reparaste que ... | Did you notice in the graphs you plotted that
... (Sapatinho & Guibundana, 2009, 90)

Other examples include “Did you already notice that the co-domain overlaps the range?” and
“A straight line is obtained if you join the points”

Rotman (1988) goes further and distinguishes the imperatives into exclusive and inclusive
forms of processes expressed by the verbs. The former refers to activities that can be done
independently from others exemplified by the verbs to write, to calculate and to copy. The
inclusive verbs express activities that require a dialogue such as describe, prove, consider,
define and explain. According to Rotman the inclusive verbs require that the writer and reader
share some specific categories within the domain in consideration, whereas the exclusive verbs
are related to activities whose shared domain is already constituted. Therefore, he denotes the
inclusive verbs as thinker imperatives and the exclusive as scribbler imperatives. The two
distinct imperatives invite the reader to activities that may be included or excluded in a
“community of people doing mathematics” (Herbel-Eisenmann & Wagner, 2005).

Besides the imperative, the declarative and interrogative sentences exert power in the
hierarchical relationship between the author and the reader (Dimopoulos et al., 2005). The
interrogative mode leaves to the reader a relative control in the communication as s(he) selects
what questions to choose and how to answer, therefore the communication is apparently less
strongly framed. Because in the declarative the presence of the author is not obvious for the
reader, the authority speaking is absent, which makes the framing over the communication
weak, or perhaps ambiguous. Dimopoulos et al. (2005) add to the position of the reader in
relation to the authors, his(her) level of involvement with the content delivered by the textbook
expressed by the person of the verbs used. They ascribe the first singular person to the
exclusive involvement of the author, unusual in science textbooks. The use of the second

92



person or the first plural person may convey that the reader takes part in the construction
process, but it may also mean the author and a group of specialists, and in this case the reader is
excluded. In terms of the level of framing, the first person represents a weakly framed, the
second singular a more strongly framed and the first person plural moderate framing, as it is not
clear to whom the pronoun we refers. The Table 25 displays the occurrence of the imperative in
the explanatory texts.

Imperatives
Textbook inclusive | Exclusive First person plural
Matematica 8° Classe 7 49 2
Saber matematica 0 52 30

Table 25: Occurrences of imperative in the explanatory text

In Portuguese, there is also a distinction between formal and informal “you”, which is not
captured by these distinctions. The “Saber Matematica” textbook adopts an informal form of
addressing the learner, consistent with the one that is used in school. Furthermore, the
frequency of the exclusive imperatives and the use of some discourse particles emphasise the
role of the learner as scribbler, someone who has to follow instructions and complete tasks
without discussion. An example worth mentioning refers to the introduction of the rate of
variation in a linear function. Before the concept was considered “easy to compute”, the text
draws the attention of the reader to the picture, using the plural of the second person, and asks

him(her) to substitute the coordinates of given points in the formulaZ2=2L in the sentence:
Xy =X

Agora basta substituir as coordenadas ..... Now you just substitute the coordinates ...
(p. 89)

According to Wagner and Herbel-Eisenmann (2008) the particle just can carry a variety of
meanings and the occurrence of its use by teachers and students is more or less the same in the
mathematics classroom observed. In this case, just is synonymous of simply, and used in this
way together with “you” gives teacher the position of deciding about processes or procedures.

The text also recurs often to the pronoun we, as an invitation to the reader to share the
construction of the concept or the task or as speaking on behalf of the mathematics community.
For instance, the sentences below connect the reader to the mathematics and poisoned authors
as agent of a mathematics community, respectively, as seen in the following example.
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Vamos estudar novamente as fungdes na | We consider again the functions on the form
forma y =ax y=ax (p. 88)

Contudo, existem situagGes para distinguir a | However, there are situations to distinguish
ordem dos elementos. Estamos a falar de par | the order of elements. We are talking about
ordenado ordered pair (p. 64)

Conversely, the “Matematica 8 Classe” uses a formal form to address the reader. The use of a
polite form may give more confidence to the students, making them feel better in a new
atmosphere as they are considered adults and capable of entering the community of people
doing mathematics. Although the style of writing is authoritative, due to the recurring exclusive
imperatives the address form turned less visible the hierarchical rules, i.e. the strength of the
framing in relation to the hierarchical rules. Parallel to the exclusive imperatives, throughout
the topics the learner was asked to justify his(her) answers seven times. The accomplishment of
this requirement implies a dialogue that turns the learner to a thinker. Therefore, the authors are
concerned in providing learners with opportunities to reasoning. The verb in the plural first
person appears twice in repeated sentences that imply an invitation for the reader to join and
construct the graph of two direct and inverse proportional quantities respectively. This
complicity was more visible in the other textbook.

The Table 26 shows the distribution of the frequency of the imperative in the tasks. Note
that the “Saber Matematica” generally includes less worked tasks, but still there is one in each
topic.

. Matematica 8° Classe Saber Matematica

Imperative
Worked task Proposed task | Worked task | Proposed task

Plot 3 6 3
Verify 6
Write 2 4 2
Observe 1 2
Calculate 5 6 15
Point 3 4 2
Justify 4 3 4
Complete 4 2
Consider 1

Table 26: Occurrences of imperative in the tasks

Besides the command verbs in the table there was observed one occurrence of each of the
following verbs: associate, compare, complete and say in the “Saber Matematica” and once
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each of the verbs classify, observe, define, and relate in the “Matemdtica 8* Classe”. The
“Saber Matematica” presents the worked tasks using declarative sentences or computations
without enunciations, the reason why the imperative form appears just once.

The interpersonal relationship, or the framing of the communication, and the degree of
involvement of the reader in the introductory sections for the topics in the two books can be
summarised as follows.

The Matematica 8* Classe, in the section about coordinates, exhibits a predominance of
imperative sentences in the second person, marking the strong authority the textbook exerts
over the reader. In the section about proportionality the summary of the new concepts tackled is
given by a “bird messenger”. The text then continues more weakly framed in the
communication with the author using declarative sentences, with the insertion of some strongly
framed segments, where the textbook gives instructions using the imperative forms. As the
imperatives also refer to the reader constructing new insights, s(he) is invited to be more
involved with the content. In continuing the section, the authors use declarative sentences,
weakening the framing over the communication. As the impersonal mode was applied the
relationship established between the reader and the content is ambiguous. In the section on
functions, the text recurs to imperatives to instruct the reader what to do, which indicates both,
a strongly framed communication and the (forced) participation of the reader in the process.
The complicity between the author and the reader strengthens with the increasing of the
frequency of the occurrence of the verbs in the second person plural as both together construct
tables of values, mark points, plot graphs and study the linear functions etc. In that way the
imperative commands are rephrased in less strongly framed sentences with the pronoun “we”.
Some of these sentences are ambiguous, as it is not clear who the “we” is. In the geometry
section, the communication in the explanatory text is weakly framed. As the sentences are
impersonal nothing can be said about the reader involvement in the learning process.

In the “Saber Matematica”, the authors maintain the use of declarative sentences in most in
the sections on functions and proportionality, not imposing their presence, which can be
interpreted as a characteristic of a text that is weakly framed over the communication. The
sentences in the explanatory texts are almost all declarative and impersonal. Again the framing
level in regard to the reader involvement with the content in the learning process is ambiguous
due to the impersonal verb forms applied. The demonstrations in the geometry section are
undertaken recurring to declarative sentence as well, with one exception where the second
person imperative was included, strengthening the framing over the communication.
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5.2.7 The Tasks

5.2.7.1 Introduction

Tasks are commonplace in mathematics classrooms and they are extensively used by teachers
to support their students in learning mathematics. Usually they extract these tasks from
textbooks, as the teachers in this study stated in the interviews.

Mathematics tasks may be classifies into closed and open (Sullivan, Warren, & White,
2000). Closed tasks admit only one answer or one reasoning line, whereas there are many
solution paths or reasoning lines for open tasks. Furthermore, tasks may be designed for
individuals or for cooperative work. According to Berry and Sahlberg (2006) a task planned to
be realised in group must fulfil three criteria: give the students reasons to participate,
opportunities to expose their ideas and make decisions. The classification of tasks in relation to
the contexts is to some extent captured by the domains (see above).

The Grade 8 curriculum reform documents emphasize the introduction of more open tasks,
which provide opportunities for more students’ involvement. In addition, applications of
mathematics in everyday contexts are advertised. The textbooks differ in the degree to which
this is realized in the collections of tasks as will be shown in the next sections.

5.2.7.2 The “Saber Matematica” tasks

As was said before, the textbooks present two types of tasks, worked tasks and proposed tasks.
In addition, the worked tasks are subdivided into activities as a model for students’ practice and
activities as a tool that complements the explanation a new concept. The latter will be referred
to as worked tasks for explanation.

Each subsection presents an explanatory text and one worked task followed by a set of
proposed tasks. The worked task at the end of each subsection is presented without justification
or explanations of the procedures. Its structure is a sequence of procedures ended by a
statement as the following example from the direct proportionality section shows:

X 1 2 3 4 5
2 4 6 8 10

A constante de proporcionalidade € 2. | The constant of proportionality is 2.
(p. 67)
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In the proposed tasks, which sometimes include sub-questions, the reader is not asked to justify
the answers. All the tasks presented were characterized by having a unique solution and so they
are considered closed tasks.

At the end of each section a set of mixed proposed tasks, which may be contextualised
mathematics (in non-mathematical contexts or other mathematical areas) or non-contextualized
tasks covering the themes dealt in the section is given. The type of context in the tasks is
detailed in the Table 27 below. A detailed description follows.

Worked task Proposed task
Non-contextualized tasks 4 20
Mathematics 1 14
Context Everyday 14
Physics 6

Table 27: Tasks contextualization in “Saber Matematica”

As the table shows 20 tasks recruited either from every day or physics settings. In addition, all
six mathematics settings are related to scale (1) and geometry: areas (3) and volumes (2).
Further, the reader is rarely asked to justify (in 4 tasks), or to observe (in 2 tasks) facts,
phenomena, etc. The majority of the tasks require computations, an application of rules and
formulae. This fact reveals that the reader is not invited to think further. In this sense, the
textbook makes explicit what is valued, strengthening the framing over the criteria.

The explanatory text about coordinate system, for example, displayed a general point
P(x,y)in the Cartesian system. The topic is expanded by a worked task to explain how to read
coordinates of a plotted point and vice-versa. The task shows the coordinates of a plotted point
and invites the reader to write the coordinates of the remaining and the other way round, with
some given points imitating the procedure.

In the section on proportionality, the worked tasks are tables of values for the abstract
quantities x and y followed by computations and statements about the constant of
proportionality. In the proposed tasks the reader has to apply the procedures to verify the kind
of the proportionality and/or compute the constant. The following gives an example of the type
of questions:

Escreve uma expressao que permite  Write an expression that relates the quantities
relacionar a grandeza A e a grandeza B A and B (Sapatinho & Guibundana, 2008,
p. 68)

The reader is required to express the relation between two direct proportional quantities
represented in a table of values. It is to note that in the explanatory text the textbook does not

97



provide any formula but in the proposed task the student is suddenly requested to enter into the
esoteric domain of school mathematics.

Moreover, the textbook presents some public domain or esoteric domain statements (from
another mathematical area) asking the reader to decide which kind of proportionality they
represent. For instance, one question asks for the relationship between the volume of a cylinder
and its diameter. The reader has to find the connection through using knowledge from
geometry and relate the two variables.

Finally, two similar tasks that can be solved using basic mathematics are included in the
proposed tasks. Here, one of them, located in the descriptive domain, is displayed:

Uma escola pretende realizar uma excursdo a
Praia do bilene. Para o aluguer do transporte
a escola deve pagar 4800,00 Mt. Esse valor

A school wants to realize a trip to Praia do
Bilene. To hire a bus the school should pay
4800.00Mt. This value will be divided by the

sera dividio pelo nimero de alunos number of students participating in the tour.

participantes na excursao. e How much does each student t pay if
e Quanto é que cada aluno deve pagar 32 travel?
se viajarem 32? e And if 40 travel?

How many students must travel so that each
one pays 100.00 Mt?
(Sapatinho & Guibundana, 2009, p. 71)

e E seviajarem 40?
Quantos alunos devem viajar para que cada
um pague 100,00Mt?

In the section on functions the worked tasks use Venn diagrams, and thus are situated in the
esoteric domain. In the proposed tasks there are analytic expressions besides diagrams. At this
point the reader has not encountered this kind of representation, which supposes the reader has
to imitate the procedure with the diagram and apply it in a new situation.

The worked tasks in the topic linear function deal with indication of the coefficients,
computation of the zero, the y-intercept of a function represented by an expression, and the
computation of the analytic expression.

In the geometry section the textbook does not present worked tasks and includes four
proposed tasks, three of them within the esoteric domain requiring to draw some elements of
the “circumference” (used to denote a circle) or to apply calculations. In the fourth task the
discourse moves from an outside esoteric domain (from another area) to the inside esoteric
domain of the topic in question, and requires prior knowledge from alternate angles. This task
and the other three presented above are the only ones among all proposed tasks that may
require the access to the principles of the underlying knowledge, whereas the other questions
can be solved without knowing the logic for the technique applied.
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There are no worked tasks in the geometry section. Some proposed tasks evaluate not just
the unprincipled esoteric domain of the reader, but require access to the principles.

Mostly, the proposed tasks in all sections use the second person telling the reader what to
do. Therefore, the framing is strong over the communication. The worked tasks have no
enunciations.

5.2.7.3 The “Matematica 8 Classe” tasks

Unlike the other, this textbook includes more than one worked task for each section and a small
number of proposed tasks. Four sets of proposed tasks are presented, the first set on the topic
coordinate system and proportionality, the second set about the concept of function, image,
domain and co-domain, the third about linear function and the fourth on geometry. The authors
potentiated the worked tasks as a tool to deepen and expand the explanation, using for instance,
from the same concept, the interplay between the representations to explore the power of each
representation and contribute to the reasoning development. The table below presents the type
of settings recruited in the tasks.

Worked Proposed Total
Non-contextualized tasks 8 10 18
Mathematics 3 2 5
Contextextualized | Everyday 5 5 10
Physics 1 3 4

Table 28: Tasks contextualization in “Matematica 8% Classe”

The majority of the worked and proposed tasks are non-contextualized, in the inside esoteric
domain. As to the contextualized tasks, the proposed tasks are more likely to be externally
weakly classified recruiting physics or everyday settings, than to be internally weakly
classified.

An everyday contextualized worked task is used to introduce the entry objects in the AS In
the section about the concept of ordered pair, the concept was introduced within the esoteric
domain. The worked task serves to introduce the reader to the reasoning about the concept.

In the next set of worked tasks about proportionality word problems located in the
descriptive domain are tackled. Computations without any explanation or justification are
presented. In some cases the cross product rule of the proportion is applied, but the logic for the
technique is not offered. The reader accesses an unprincipled esoteric domain.

In relation to the concept of function, domain, co-domain and images. a range of worked
tasks are presented with the interplay between representations, diagrams, tables, graphs and
analytic expressions, and so expanding the explanatory text. Together with the inserted
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explanatory statements, the package provides for the reader access to a principled mathematical
knowledge.

The worked tasks about linear functions resemble the ones in the proportionality package.
The text is about mathematics formulae, includes extracting the analytic linear function from
the graph, but without giving reasons for using the chosen procedure. In addition, in all three
tasks the ordinate at the origin is used to determine the analytic expression. Thus here the
worked tasks are not attempting to provide for the reader entrance into an esoteric domain with
explicit principles.

The geometry section includes two worked tasks, which evaluate principled esoteric
discourse. The questions ask to draw a perpendicular to a straight line through a given point,
without using a protractor and to find the centre of a given circumference. These tasks expand
the explanatory text with an instruction about the procedures together with the principles
underlying the procedures. There are no proposed tasks related to the central and inscribed
angle.

After the first two sets of worked tasks the same kind of tasks is proposed for the reader to
practice. Besides finding the analytic expression, other kinds of tasks are proposed in the third
set. For example, there is a task that presents a graph composed by segments with positive,
negative and null slopes relating distance and time.

At the end of the topic a section called “formative evaluation” (avaliagdo formativa),
proposing tasks for summative assessment is displayed, including an uncommon task:

Para determinados fios eléctricos com a For some electrical wires with the same
mesma espessura, a lei que relaciona a thickness, the law that relates the electrical
resisténcia eléctrica R (em ohm) com érea S = resistance R (ohm) with the area S of the

da sec¢do do fio (em mm2) é RxS=04. section of wire (in mm2) is RxS=04.
De que tipo de proporcionalidade se trata? What kind of proportionality is it?
Qual ¢ a resisténcia de um fio com 0,1 mm?  What is the resistance of a wire if the section
de seccéo? is 0,1 mm??
Qual deverd ser a é&rea da seccdo de um fio = What is the area of the section of a wire
para a sua resisténcia ser de 16 ohm? which resistance is 16 ohm?
Esboce o grafico da funcdo R tomando S = Sketch the graph of R taking S as
para varidvel independente. independent variable.

(p. 107)

This task is located in the esoteric domain of school physics and school mathematics. The
internal classification of knowledge is weak since relations between sub-areas or school
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subjects are involved. Altogether, only a small number of questions are adequate to evaluate
principled esoteric domain knowledge.

The majority of the worked and proposed tasks are formulated employing the second
person imperative form, therefore, as far as the relationship in the communication is concerned,
this is strongly framed.

5.2.8 Summary

This section provided an analysis of a range of, partly related, dimensions of the textbooks for
the topics under study. The outcomes have been reviewed with respect to the different
mathematical topics as well as with respect to different sub-genres in the text (introductions to
topics and tasks). In addition, the overall pedagogic strategy has been explored. The aim of the
analysis was to determine to which extent these at the time new books take up the most
prominent innovations from the new curriculum, that is the involvement of the students and the
provision of the means for engaging in mathematical argumentation and reasoning.

Both textbooks appear quite similar in structure. They spread the pedagogic messages
through short explanatory texts complemented by worked and proposed tasks. The worked
tasks are used to exemplify a concept or procedure already explained in the text or to expand
and deepen the explanatory text. The “Matematica 8% Classe” devotes more space for the
worked tasks in relation to the explanatory texts, including several different tasks, unlike to
“Saber Matematica” that uses one worked task for each concept. In addition, the former
includes more explanations about the procedures undertaken in the resolutions whereas in the
latter often presents computations without enunciations of their internal logic.

In general, both textbooks cover what the syllabus includes except four objectives, namely:
to interpret daily life phenomena represented through graphs of linear functions, to solve daily
life problems applying linear functions and to observe regularities and establish mathematical
rules that express a dependence relation between variables. In addition, the “Saber Matematica”
textbook does not mention the properties of proportions and does not include the
demonstrations for the geometric relationships.

These four objectives have been coded in the analysis of the syllabus as principle based
because they ask for making explicit some principles behind procedures or for applying
procedures, and thus include a potential for developing mathematical reasoning. The analysis
also has shown that in some topics there were indeed applications included, but without arguing
for the validity of the procedures.

In both textbooks the content is organized in paragraphs isolated from each other, both
show a low number of logical connectors (so, therefore, because, etc) and of verbs designating
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processes related to reasoning (demonstrate, establish, suggest that, notice, generalize, justify,
etc).

Both textbooks use expressive domain or descriptive domain text as an entry into the
esoteric domain. The “Saber Matematica”, in addition, resorts to the public domain to achieve
the esoteric, however, there are discursive gaps between these domains that are not mentioned
or not bridged in the texts. Rather, the changes appear as a sudden change of theme and
language. However, everyday life settings are more often recruited in the “Saber Matematica”,
perhaps a sign that the related curriculum goal has been taken into account.

As to the pathways chosen in the different topics, in both books there are big differences
between sections. It is not possible to identify a common overall pedagogic strategy in any of
the books. The topics linear function and geometric concepts are in both textbooks introduced
directly through esoteric domain texts, using non-contextualized settings.

The strategy, found in both textbooks, to move from the public, descriptive or expressive
domain to the esoteric domain texts varied, depending on the level of abstraction of the content.
In the proportionality and function topics the progression to the esoteric was based more on
specific contexts in both textbooks. Both textbooks, but generally even more so the “Saber
Matematica”, do not make explicit the principles behind the conclusions drawn and they often
employ a strategy of generalising from a specific case. That means they present a form of an
esoteric domain of school mathematics that is very restricted as it does not introduce the
students into the forms of reasoning that are employed in the esoteric domain of mathematics.
The worked tasks in “Matematica 8 Classe” expand the limited options afforded by the
explanatory text, introducing some principles for procedures and the interplay between
representations.

The style of the linear function and geometric concepts texts differs more radically from
the one used in the other sections. Here both textbooks present a more formal mathematical
language based on non-contextualized tasks and with the predominance of mathematical
expressions, and include in the case of “Matematica 8° Classe” deductions. In the
proportionality and function topics the discourse is more weakly externally classified, as there
are links to other subjects, sub-areas and to out-of-school practices.

The sections on linear functions and the geometric topics combine strong classification
with a high level of formality, which, as for example Koulaidis and Dimopoulos (2007) state is
common in academic textbooks. The more weakly classified texts resemble more of media
texts, but these would not include tasks. The sections about the coordinate system are a hybrid.
They present high formal mathematical language but recruit everyday life settings. Texts with
these characteristics fall into the mythical, usual to find in science fiction.
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As far as the reader-author power relation in the communication is concerned, both
textbooks use declarative as well as imperative sentences in the second person in different
segments of the topics, however the declarative forms are predominant in both textbooks. The
author voice has disappeared then, and the framing of the power relation could be considered
weak. Naturally, the authority of the book is more strongly visible when imperative is used in
questions in the tasks. The tasks are often mixed, there is both interrogative and imperative in
the sub-questions (see for example the task about electrical wires displayed above)

With regard to the involvement of the reader in the pedagogical relationship, both
textbooks use the second person singular form and in some segments first person plural.
Accordingly, in the first case, the communication is strongly framed. There is not much space
left for the reader to decide how s(he) wants to be involved in the pedagogic process. Unlike, in
the second case it is not clear who owns the control of the pedagogic practice. In the
“Matemética 8* Classe” there is a third voice introduced, a “bird messenger” who gives a
summary. IF this is interpreted as a neutral party in the pedagogic relationship, then the framing
of the power relation is weak in that case.

From the analysis, different combinations of classification and formalisation of form and
content with different framing of the relationship with the reader can be identified. Some topics
are strongly classified, introduce a high level of formality in language and include
generalization and deductive demonstrations, especially in “Matematica 8* Classe”. The power
relationship of the reader with the textbook is either weakly or strongly framed. But the weak
framing does not amount to having options, as the reader mostly struggles with the level of
formality of the language. In other sections, the texts proceed from the public or descriptive
domain to the esoteric domain increasing the formality, recontextualising the curriculum goal
to use regularities and patterns as a basis for generalisations. In combination with strong
framing over the pedagogic communication, the search for patterns becomes a matter of what
one is supposed to do. Some topics are weakly classified and show a restricted level of
abstraction and elaboration. The reader has to some extent autonomy to determine how to
access the content if the text is weakly framed over the communication, or the reader as to
follow instructions in the case of a strongly framed relationship between textbook and the
reader. As all these combinations appear in the books, there clearly is not one pedagogic
discourse in these books, but a range of different ones. There might be a recontextualisation of
the student-centred pedagogy only in terms of framing of the author-reader relation, for
example, while keeping the tradition of how and at which level of formality a topic is
introduced. The hybrid texts found in the books can be an outcome of this eclectic approach.
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5.3 The Lessons

In the following, the selected teachers’ lessons will be analysed with a focus on key incidents
that have been identified in relation to the potential of engaging students in mathematical
reasoning, as intended in the new curriculum.

The analysis focuses on two dimensions. One dimensions is the framing and another the
classification of the content. These dimensions can capture the extent to which a potential or
realisation of students’ mathematical reasoning is visible in the classroom. Both the dimensions
are a matter of degree, and what is said needs to be seen in relation to the usual strong framing
and classification in Mozambique mathematics classrooms.

5.3.1 Framing of Mathematics Lessons in Mozambique

The Mozambican mathematics lessons traditionally follow an established pattern. At the start,
the teacher writes the “Sumario” on the blackboard and let the students copy it in their
notebooks. Then the teacher explains the content, asking here and there some questions, which
are often answered by (him)herself or in a chorus by the students. Afterwards, the teacher
solves an example on the blackboard, lets the students write it in their notebooks, and then the
students are requested to solve a list of exercises following the prototype example.

In the “Sumario” is written what content is going to be handled in the lesson. The teacher
writes it also in the “Livro de turma”, the “Class Book™, in addition to the students’ absences.
At the beginning of the year the teacher who is tutor of the class writes in the “Class Book”
information about the students, such as name, age, parents’ names and residence. At the end of
each trimester the students’ achievement is filled into the same book.

This traditional lesson pattern is characterised by strong framing over the communication
and its social base, over pace and sequencing of the content. Also, the criteria for what counts
as a legitimate student contribution are strongly framed, as in the chorus answers there is no
space for alternatives. These answers often consist of filling in missing phrases in a sentence
the teacher leaves incomplete, or in giving single word answers to closed questions.

5.3.2 Teacher Raul’s Practice

The Grade 8 class that Raul is teaching is composed of 120 students: 67 female and 53 male. In
comparison to some other Classes, the room is quite big. The desks and chairs are in rows and
there are enough for the students who attend the class each day, though a considerable number
of students miss the Classes. The teacher has sufficient space to move around and see what
each student is doing. The blackboard is large and it is easy to write on it with chalk.
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Five lessons, where the topic was “Linear Function”, were observed in this classroom, two
double lessons and one single. In the following, the lessons are summarised in the form of short
narratives on the basis of field-notes and video footage, and some key episodes that deal with
mathematical reasoning are presented and analysed.

5.3.2.1 Lesson 1

5.3.2.1.1 Phase one: ldentifying expressions of linear functions

The teacher started writing the “Sumario” (below) on the blackboard and asking the whole
class to repeat with him what he wrote:

Funcdo linear ou do primeiro grau com uma Linear function or first-degree polynomial
variavel function of one variable

He started the lesson writing the equation x+1=-x+1 and revised what a solution of an
equation is. Then he showed the students that, in fact, in this equation two functions are
compared, namely y,=x+1 and y, =—x+1. Next, he reminded that the stated equation is
called linear equation, and explained that as it is constituted by two similar functions each of
which is called linear function. Then he introduced and wrote on the board the symbolic
representation f(x)=ax+b with a,beR and a=0 and afterwards listed on the board the

following functions: a)y=x*+1, b)y =i1, c)y=-3x+1, d)y=5x°*-1, e)y=x+1,
X+

f)y=x*-5x+1, g)y=4x>-3x*+x-5, h)y = x. The teacher asked the students to read all the
functions and the teacher and the students did it in chorus as the following for the first function:

Al: X elevado a trés mais um Ch: X raised to three plus one

Then the teacher asked the students to find one linear function on the board. He did not succeed
in the first attempt. He reformulated the question, using the expression first-degree polynomial
function of one variable, writing on the board the function f(x)=2x+4 and pointing to the
exponent of the variable highlighting the term first-degree of the variable. Then the teacher
inquired about the exponent of the function in item a) and a student gave a correct response.
Then he called for volunteers to write on the board the linear functions, comparing the
symbolic representation with the given examples. One girl went to the blackboard and found
two linear functions. The second girl who volunteered found the other two. To correct the task
the teacher went through the eight functions asking if they were linear or not seeking for
justification for each answer. The discussion is reported in Episode 1:
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Episode 1: Distinguishing the linear functions

1 | P: A primeira funcdo é linear? Como te | T: The first function is linear? What is your
chamas? name?

2 | SR: Carolina. N&o é linear SR: Carolina. ((It)) is not linear

3 | P: A Carolina diz que ndo € funcéo linear. | T: Carolina says it is not a linear function.
Alguém pode dizer porqué? Someone can say why?

4 | Al: E do segundo grau ST: ((It)) is from the second degree
P: Porque é do segundo grau. A funcdo na | T: Because it is from the second degree. The

5 | alinea B nao é linear porque & uma | function in Item B is not linear because it is a
fraccdo. E alinea C fraction. And the item C

6| ALE Ch: ((1v) is

7 | P:Oalinea D T: The item D

8 | Al:sexto Ch: sixth

9| p.OE T:The E

10| Al: Funcéo linear Ch: Linear function

11/ p.OF T:TheF

12| Al: Do segundo Ch: From the second

13| P:E0G T: And the G

14| sv: Aparece no primeiro SV: ((It)) appears in the first

15| ss: Terceiro e Segundo Ss: Third and second
P: Para ser linear a varidvel tem que ser | T: To be linear the variable has to be from

16| do primeiro grau. Aqui temos também os | first degree. Here we have also the exponents
expoentes trés e dois. Aqui é do terceiro | three and two. Here is from third degree, the
grau, o maior expoente. AH greater exponent. The H

17\ ch:E Ch: ((1t)) is
P: Entdo, podemos escrever. Uma funcdo | T: So, let us write ((in the notebooks)). A
linear ou do primeiro grau é toda a funcdo | linear function or ((a function)) of first

18

em que a variavel estad no primeiro grau e
representa-se f(x)=ax+b

a,beRea=#b

por com

degree is any function in which the variable

is of the first degree and is represented by
f(x)=ax+b with a,beR and a=b
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Analysis of phase one

The teacher trying to find a more suitable term changed the designation of the linear function to
first-degree polynomial function of one variable to capitalize the word first-degree. He framed
the discourse according to the students’ need. This reformulation seemed to have helped the
students, because after some seconds one student answered correctly “third degree” in relation
to the example y = X% + 1. The teacher then repeated the answer and pointed to the exponent 3,
as an attempt to justify the answer. On this basis the students were apparently able to name the
degree of the remaining functions, except in item G. The discussion about the degree of
y=4x®-3x*+x-5 brought on the foreground the students lack of knowledge about the
polynomials. The teacher switched the discourse to focus on this issue, in turn 16, becoming
the discourse strong framed regards the criteria, as the teacher gives the procedure how find
linear functions. In turn 5 the teacher imposed his power, as he informed that the function B
was not linear without discussion and a plausible justification for students that have though it
was a linear function because the exponent was of first degree. The students did not question
this fact. In this phase of the lesson, the teacher introduced the students into the esoteric domain
of mathematics from the beginning, with a strong classification of the discourse in regard to the
content that excludes everyday language and contextualized tasks, as for example applications
of functions. But it can be described as less strongly classified within the school subject
mathematics, as the teacher used in parallel supposedly known knowledge about equations. The
focus is on developing decontextualised language and symbolic representations and on
classifying mathematical objects. The potential for reasoning involves explaining why a certain
object is to be classified in a specific way.

The phase is only apparently weakly framed over the pacing and timing of the knowledge
transmitted, because although the teacher gave time for the students to analyze the polynomials
he decided how much time they had to answer the posed question and at the end of the episode
the framing over the criteria become strong with the teacher dictating the legimated text.

One of the objectives presented in the Mozambican curriculum, in the topic linear function,
is the observation of regularities by the students. In the methodological section this objective
was recontextualised by the means of an example of the bill of a telecommunications company
that opens possibilities for potential reasoning in the classroom, involving translation of the real
world situation into mathematical terms. The content and the strategy selected by the teacher in
his practice, to introduce the linear function, trough the previous knowledge of linear equations
had not the potential to engage students in reasoning about regularities. In addition, the teacher
did not distinguish at the beginning the linear function of the type y = ax fromy = ax + b. In
that way the potential reasoning aiming at relate the slope with the constant of a direct
proportionality, suggested by the methodology in the curriculum was absent. Furthermore, two
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objectives in the curriculum: relate the concept of function with the real life and interpret real
life phenomena represented through linear functions, were neither in the introduction nor in the
evolution of the four first lessons about the topic mentioned.

5.3.2.1.2 Phase two: Examining the coefficients

After the students copied the answers of the tasks they had just discussed about, dictated by the
teacher, to their notebooks in the next step the teacher’s concern was the differentiation of the
coefficients a and b in the linear function representation f(x)=ax+b. The students
differentiated the coefficients from each other noticing that the coefficient a “goes together
with the X” and the b “stayed alone”. Then, the teacher wrote on the blackboard a list of linear
functions: y=-3x+1y=x+1y=-3x+1 y=x+1 y=11-2x and y=x. In interaction with the
whole class, letting anyone answer to the question, and using the symbolic representation
f(x)=ax+b they went through the exercises pointing to the coefficients while the teacher was
writing the answers on the board. They started with the function y =-3x+1, and each at a time,
volunteering students gave the answers x, 3, and —3x, while the teacher was writing them on
the blackboard, inviting for more contributions. Then, as no one else raised the hand, the
teacher asked the student who responded —3x to give the coefficient b. The student replied
correctly. After the teacher verified that there were no more answers, he asked a girl (SA) who
also had answered —3x to explain how she found the result. She explained that she compared
the representation f(x)=ax+b with the function y=-3x+1 and pointing to the terms

explained her answer in the episode below:

Episode 2: The coefficients of a linear function

P: O que vamos fazer agora ¢ identificar o
valor de A e de B de cada fungdo

T: What we are going to do is to identify
the value of A and B of each function

SA: Aqui temos a X mais B e nesta fungéo
a X é menos trés X por isso o valor de A é
menos trés X

SA: here we have A X plus B and in the
function A X is minus three X therefore
the value of A is minus three X

P: Perceberam o que ela disse?

T: Did you understand what she said?

Al: Sim

2 Ch: Yes

P: Ela disse assim. Eu ndo disse que esta
certo. Vou interpretar o que ela disse.
Cada um de vocés vai pensar

T: She said. I don’t say that it is correct. I
will interpret what she said. You will think
for yourself.

Al: Sim

Ch: Yes
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P: Ela disse que a funcéo linear apresenta-
se desta forma. Esta claro? Ela comparou,

T: She said that the linear function is
displayed in that form. Is it right? She

7 comparou, uma funcéo linear é A X mais | compared, compared, a linear function is
B. E isso? E ela disse como aqui vem a X | A X plus B. Is it? And she said here comes
mais B entdo o valor de A é menos (...) A X plus B then the value of A is minus

()

8 | AL X Ch: X

9 P: Menos (...) T: minus (...)

10 | Al: Menos trés Ch: minus three

11 | p:Eovalorde Bé(...) T: and the value of B is (...)

12 | Al:Um Ch: one

13 | P: Foi o que ela disse T: It was what she said

14 | Al: Sim Ch: Yes

15 | p: Alguém quer rectificar? T: Someone wants to rectify?

16 | sB:sim SB: yes

17 | P: N&o. Podes falar dai. Qual é a sua | T: No. You can speak there. What is your
ideia? idea?

18 | sB: O valor de A é menos trés SB: The value of A is minus three
P: A vossa colega a tua colega esta a dizer | T: Your colleague said that the value of A
que o valor de A ndo é menos trés X é | is not minus three X it is minus three.

19 | menos trés. O que é que tu dizes? Depois | What do you say? After | will ask her
vou perguntar a ela porqué. Concordas | why. Do you agree with her? Or do you
com ela? Ou ainda tu continuas a dizer que | keep saying the A is minus three X?
ndo o A é menos trés X?

P: Compara la e pensa um bocadinho. Vai | T: Compare and think a bit. Keep looking.

20 | vendo. Espera la. Eu vou perguntar a ela | Wait there. | am going to ask her first if
primeiro se mudou de ideia. E menos trés | she changed her mind. Is it minus three X
X ou € menos trés? or minus three?

21 | SA: E menos trés X SA: It is minus three X

22

P: Porque é que é menos trés

T: Why is it minus three?
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23

SB: Aqui 0 A vem com X, quando € assim
podemos falar que 0 A é menos trés

SB: Here the A comes with X, when it is
S0 we can say that the A is minus three

24

P: Perceberam o que ela disse? Repete |4
de novo isso. Repete de novo. Por favor
repita isso

T: Do you comprehend what she said?
Repeat once again what she said. Repeat
again please

25 | Al ) Ch: :-)
26 | SB: O valor de A SB: the value of A
27 | p: Em A X mais B T:In A X plus B

28

SB: Quando é assim podemos falar que
em menos trés X mais B

SB: in this case we can say in minus three
X plus B

29

P: Vira assim, para ela ver

T: turn round so that she can see you

30

SB: O valor de A é o valor menos trés que
vem com [?]

SB: the value of A is the value of minus
three that comes [?]

P: /la variavel X//. Perceberam o que ela

T: /lwith the variable X//. Do you

31 | disse? Entendeste? comprehend what she said? Did you
understand?

32 | Al: Sim Ch: Yes

33 | P:Senta la, senta la T: Sit down, sit down

P: Ela disse assim que valor de A ¢ aquele

T: She said the value of A is the one which

34 | que vem ou que acompanha a variavel X. | goes with or accompanies X. Each number
Todo aquele nimero que vem com a | that goes with the variable X is the value
variavel X € o valor de (...) of (...)

3B | ALA Ch: A

36

P: Estamos juntos? T& claro? Agora nesta
funcdo aqui o valor de A é (...)

T: Are we together? Is it right? Now in
this function what is the value of A?

37 | Al: Menos trés Ch: Minus three

38 | p:OvalordeBé(..) T: The value of Biis (...)
39 | Al:Um Ch: One

40 | p:Ovalorde Bé(...) T: The value of B is (...)
41 | Al: Um Ch: One
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42 | P: Mas vocés ja descubriram qual € o | T: But have you already discovered what
segredo? the secret is?

43 | Al: Sim Ch: Yes

44 | p: Est#o a descubrir qual é o segredo? T: Are you discovering the secret?

45 | Al: Sim Ch: Yes

Analysis of phase two

The students gave three different answers and the teacher explicitly commented this fact and
wrote on the blackboard the three answers. As there were no more answers the teacher asked
SA to justify her answer. The teacher then re-voiced the student speech and expanded it to
stress not only the solution but also the process she used to obtain the answer “... ela
comparou, comparou ...” (... she compared, compared ...) (7). During the process of
rephrasing and stressing the fundamental points the teacher attempted at the same time to
involve the whole class in the analysis and evaluation of the SA’s claim. Afterwards he asked if
someone wanted to rectify SA’s claim, giving students the clue that the claim was not correct.
The next minutes of classroom interaction provided an opportunity for SA to confront her
answer with the one suggested by the colleague, and for the teacher to say explicitly that
thinking is important in the mathematics classroom. This means that the criteria were on the
one hand made more explicit as the teacher introduces “thinking” (20) as a valued form of
mathematical activity, but phrased as an unspecified mental activity. By this vagueness he
suggests that it is up to the students how to think and how to utter what they think. Also the
reaction to the “wrong” answer (for some students obvious from the reaction) leaves it up to the
students to decide whether in how it was wrong or not, which is a weakening of the framing in
relation to the criteria for evaluation. The “thinking” might be taken as a reference to the
esoteric domain of mathematics, which includes thinking (as can be seen later when he refers to
the “secret”, see below)

Nothing was said about the other two answers. This detail may on the one hand, let the
students infer by themselves the extent to which the other answers were incorrect. The first
student indicated the variable x, possibly confusing the mathematical language (coefficient and
variable) and the second one forgot the sign (-) or did not know that the coefficient takes the
sign. On the other hand, it may reveal that the teacher did not try explicitly to identify the
mistake behind these students’ reasoning. The latter would mean he left the criteria implicit and
thereby weakening the framing over legitimate text productions.

Close to the end of this episode, and after several students went to the board to indicate the
coefficients of given linear functions, the teacher implicitly wanted students to have the
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procedure of finding the coefficients generalized using the words ‘descubrir o segredo’
(discover the secret) in utterance 42 and 44. The teacher considered the procedure a “secret”
that hides the principles underlying the rule and only the ones who discover the secret gain
access to them. This represents a mystification of the esoteric domain of mathematics. It
consists in “secrets” that can only be discovered by the adept. This is a vagueness of the criteria
for what counts as mathematical activity, as it is now about discovering secrets rather than
about calculating a straightforward routine.

In addition, in turns 19 and 24 it was visible that meanings can be negotiated and students’
contribution in the classroom is valued. The teacher excited speech accompanied by gestures
(24) let students knew the student B provided a valid argument that can be used in the context
of mathematics classroom. On the one hand the student’s contribution weakened the hierarchy
rules and on the other it strengthened the regulative discourse and the criteria as the legitimate
text was made explicit.

In this communication between teacher and students, there was a move in relation to the
degree of classification. The boundaries between school knowledge and the outside language
weakened. The student used the everyday language “the X goes with” (23) which was not only
accepted but used by the teacher, who added the term “accompanies” (34), weakening the
classification again. Here is to refer that the term acompanhar in Portuguese, translated as “to
accompany” has a stronger sense than the term vem com translated as “goes with”. At the end
of the discussion the teacher, aiming at introducing the students to a more specialized
discourse, introduced the concept of “variable X” (31) overlapping the speech with an
inaudible student B, and stressing it again in utterance 34. In so doing, he moves from the
public domain to the esoteric one, keeping, however some traces of the everyday language “0
nimero que vem com a varidvel” (the number that goes with the variable).

The weakening of the classification is a consequence of the weaker framing for what
constitutes a legitimate contribution, as the students here were invited to justify in their own
words. Also, the teacher gave time to anyone who wanted to participate in the discussion, and
ended the interaction when he felt nobody more wanted to speak, thus weakening the frame
over the pacing and timing.

In utterance 29, the teacher showed a student standing at the blackboard how to position
herself so that the class can see and understand what she was saying. This can be considered a
regulative discourse, which is not hidden in an instructional one. This regulation can be
interpreted as aimed at changing the mode of the social interaction so that the students get used
to listening to arguments from other students and not only from the teacher. However, the
framing of the social base for the communication remains strong, as it is the teacher who
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decides. The general form of chorus contributions is kept during the episode. The potential
reasoning is thus a collective form and not aimed at individualisation.

5.3.2.1.3 Phase three: Finding the coefficient of the term x

Afterwards they looked at the function y = x +1, considered easier than the previous one by the
teacher. Student C wrote on the blackboard a=0 and b=1. The teacher did not ask for the
reason of the choice, but he questioned the class if someone wanted to alter the answer. The
class remained silent. Then the following interaction took place:

Episode 3: The coefficient of the term x in the function y=x+1

1 P: Ele diz que é zero aqui? T: He says there is a zero here? {pointing
the space before the variable}

2 11 [
P: Queres alterar? Vai |4 ao quadro e | T: Do you want to make any change? Go to

3 explica the board and explain {asking a student

who raised the hand}

4 SD: O valor de A que acompanha a | SD: The value of A that accompanies the
varidvel X é um variable X'is one
P: Lembram-se nas equacdes, quando nés | T: Do you remember in the equations when

5 tinhamos dois X mais X igual a quatro | we had two X plus X equal to four, do you
lembram-se? NO@s diziamos que isto é | remember? We said how much is this equal
igual a quanto? to?{pointing to 2x+x }

6 |11 [1

7 P: Dois X mais X quanto € que da? T: Two X plus X how much gives it?

8 | ss:[7] Ss: [?]

9 P: da quanto? T: It gives how much?

10 | A [?] Ch: [?]

11 | p: Quanto é que da T: How much does it give?

12 | ss: Dois X mais X Ss: Two X plus X

13 | p: Quanto? T: How much?

14 | Al: Dois X Ch: Two X

15 | sA: Trés X SA: Three X

16 | Al: Trés X Ch: Three X
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17 | P: Trés X, entdo o numero que estd aqui | T: Three X, which is the number that stands
qual é? here? {pointing to the coefficient of x}

18 | sA:Um SA: one
P: Entdo dois X mais X igual a quatro é o | T: Then two X plus X equal four is the
mesmo que dois X mais um X igual a | same as two X plus one X equal four. Pay

19 | quatro. Prestem atencéo, a vossa colega | attention your colleague said the value that
disse que o valor que esta aqui a frente é | stands here at the front is one unit. The
uma unidade. O valor de a ndo é zero mas | value of A is not zero but it is (...)
simé(...)

20 | Al:[7] Ch: [7]

21 | pE?E? T: Itis? Itis?

22 | Al: Um Ch: one

23 | p: Esta claro? T: Is it right?

Then the teacher erased the zero written by student C on the blackboard and wrote 1.

Analysis of Episode 3

The teacher resorted to the equation 2x+x=4 to get students find the coefficient of x (5).
From turn 7 to 16 the teacher focuses the students’ attention to the addition 2x-+x and tries to
elicit expected answers without success. In turn 17 the teacher, through taking the student
answer from turn 15, changed the focus from the addition to the missed coefficient in
2x+x=3x and obtained the expected answer. The teacher incorporated the student answer to
go further with the potential collective reasoning. In that way the explanation was weakly
classified regards the relational hierarchy rules.

This discourse continues to be regulated by a weaker classification over the content within
the mathematics, but with the students recognizing the legitimate text, see turn 4, where the
student used the terms acompanhar (to accompany), elicited by the teacher in the previous
episode, and variavel (variable). The student had succeeded because she has the appropriate
recognition and the realization rules for the concept in study. There is only an apparent control
over the criteria on the side of the students.

The students continued, to some extent, possessing control over the pacing and timing, so
that the discourse remained weakly framed in relation to these. Also, there are some longer
pauses visible at the start of the episode.
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5.3.2.1.4 Phase four: Resorting to commutativity

The next task was y=11-2x. A student (SE), who had volunteered, wrote on the blackboard
a=2x and b=11. The next student wrote a=2and b=11. The teacher read aloud what was
written on the board and asked if someone wanted to add another answer. The class was silent,
then the student who wrote the second answer was asked to explain her reasoning.

Episode 4: The analogy to commutative property

1 P: Ah queres explicar? Podes T: Ah you want to explain? Go ahead
SE: Aqui na formula diz que A, o X é | SE: Here the formula says A the X is the
variavel de a mais b. Entdo aqui fizeram | variable of A plus B. Then they

2 uma troca, em vez de a linha A ficar aqui | interchange, instead of line A stands here it
foi para o segundo membro e a linha B | went to the second side and the line B
ficou para o primeiro stayed in the first)

3 P: Fizeram uma permuta? T: They did an exchange?
SE: Sim. Entdo o valor de a que passa | SE: Yes. And then the value of A that goes

4 para o primeiro membro é dois e o valor | to the second side is two and the value of B
de b é onze is eleven
P: Mas eu posso fazer uma coisa? Podem | T: But can I do one thing? Can you help me

5 me ajudar a ver uma coisa pequena? | to see a small thing? Can you?
Podem?

6 | Al:Sim Ch: Yes

7 P: vamos la fazer assim, como é que se l1é | T: Let us do so, how do you read here
aqui {writing on the board y =-2x+3}?

8 Al: Y é igual a menos dois X mais trés Ch: Y is equal to minus two plus three

9 P: Qual é o valor de A? T: What is the value of A?

10 | Al: Dois Ch: Two

11 [1

12 | Al: Menos dois Ch: Minus two

13 | p: Qual é o valor de a? T: What is the value of A?

14 | Al: Menos dois Ch: Minus two

15 | p: certo? T: Sure?

16 | Al: Sim Ch: Yes
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17

P:EovalordeB(...)

T: And the value of B (...)

18

Al: Trés

Ch: Three

P: Eu vou escrever de novo y=3-2x.

T: I will write again {writes on the board

19 | Esta expressio e esta ha diferenca ou | y=3-2x}. Is there any difference
n&do? between the expressions or not?

20 | Al:Ha Ch: There is

21

P: S&o iguais ou diferentes?

T: Are they equal or different?

22

Al: Sdo diferentes

Ch: They are different

23 | p: Porque é que é diferente? T: Why are they different?

24 | SY:Aié mais, esse menos dois ai € mais. | SY: There is plus, that minus two is plus.
Al é positivo There is positive

25 | p: O que é que ¢ positivo? T: What is positive?

26 | sY: Al é mais SY: There is plus

27

T: E assim estas duas funcdes sdo iguais
ou posso dizer sdo semelhantes. Até
posso arriscar a dizer isto, esta fungdo é a
mesma que esta. Sé que é uma coisa, eu
posso escrever assim 2-4=-4+2 estd
claro? Eu posso escrever 3+7=7+3 estd
claro. SO que reparem 0 que estd a
acontecer. Aqui também troquei a ordem.
O Aaquiéigualal(..)

T: It is so these two functions are equal or |
can say they are similar. | can even venture
to say that this is the same function as that.
Only it is one thing I can write {reading
loudly while writing} 2-4=-4+2 is it
right? | can write | can write 3+7=7+3 is
it right? Only observe what is going on.
Here | also changed the order. The A here
is equal to (...)

28

Ss: Menos dois

Ss: minus two

29

P: E aqui também é igual a (...)

T: here it is also equal to (...)

30

Al: Menos dois

Ch: minus two

31

P: Porque é que eu fiz isto? Para nos
facilitar a interpretar este conceito. Vocés
aqui tiveram um pequeno problema, mas
esqueceram-se do sinal. O valor de A
deve levar sempre o sinal. Ta claro? O
valorde A€ (...)

T: Why did | proceed like this? To
facilitate the interpretation of the concept.
You here had a small problem, you forget
the sign. The value of A must always take
the sign. Is it right? The value of Ais (...)

32

Al: menos dois

Ch: minus two
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33 | PEBE(.) T:AndBis (...)

34 | Al: Onze Ch: Eleven

Analysis of Episode 4

The interaction from turn 3 to 26 reports a discussion about permutation and signs of the terms
of an expression. However, student E’s utterances 2 and 4 and student Y’s in turn 24 and 26
utterances reveal that the students might have based their reasoning on what they had learned
about equations. The teacher misunderstood the students’ difficulties and did not grasp the
students” mix up of two frames of reference, the addition principle in the resolution of
equations and the commutative property in an expression. In the first case, the expressions can
in fact be seen as different.

What the teacher considered “um pequeno problema” (a small problem) in turn 31 is in fact
a big problem, even for university students in Mozambique, the difference between working
with an expression and an equation.

The discourse is located in the esoteric domain, where students and teacher were speaking
about formula, functions, variables, permutation, sides of equality and equation, etc. However,
they did not use them accordingly. For instance student E (turn 2) recognized that the order of
the terms in the expression y=11-2x were changed in relation to the symbolic representation
ax + b, but she was not able to produce a legitimate text. She confounded the coefficients a and
b with items a) and b), that in Portuguese are designated by alinea instead of linha, the term
she used. In addition she spoke about changing the sides, which suggests she was thinking of
11— 2x as an equation. The teacher did not make any comments about this.

At the beginning the framing over pace seems to be weaker than towards the end. In fact,
the teacher changed the sequencing to accommodate the students’ needs, introducing in the
discussion the commutative property of integers, which was not originally planned to be
discussed. Throughout the whole episode, the interaction becomes more strongly framed by the
teacher, because the ambivalent question at the start did not lead to the expected answer. The
students’ answer that y=3-2x was not equal to y =-2x+3 shows that they were not able to
recognize the context of the question. This is because the teacher’s utterances (19, 21and 23)
involved an everyday expression (“equal or different”). These evoked their daily life sense of
equal and different, here referring to the obvious form of how both objects are represented, and
not in the sense of a decontextualised meaning expected in this mathematical classroom, in
which both represent the same object. This reveals the absence of the recognition rules. In his
turn, it seems that the teacher did not recognize the students’ difficulties to understand the
instructional discourse and gave the answer using the terms “equal”, “similar” and “the same
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function”, without revealing the difference between these meanings and contexts, which made
their answer incorrect.

Close to the end the degree of control the teacher executed over the pacing strengthened, as
can be seen in the utterance 27. The teacher reviewed the commutative property in a hurry that
seemed to imply that some students did not get access the principles underlying in the example
2-4=-4+2 and 3+7=7+3 and how this example is related to the task they were dealing
with. Note that only some students answered in turn 28, and only after the teacher implicitly
elicited the answer the class gave in chorus (turn 30).

The teacher’s (rhetorical) question that seems to request a reason for doing something (31),
in fact asks for a warrant of his didactical strategy. This cannot be interpreted as a means to
invite students to justify the answer to the question in mathematical terms.

5.3.2.1.5 Phase five: Boosting students’ confidence and imparting the need of justifying
one’s answer

Finally, they worked out the function y = x and the students’ answered in chorus a =1 and

b=1

Episode 5: Where is the one for the value of b in y=x

P: Onde esta esse um aqui? O valor de B ¢
um?

T: Where is the one here? The value of B
is one?

[l

[]

P: O valor de B é um? Néo é? Eu quero
ver onde esta o valor de B aqui. O B temos
aqui? Existe ou ndo?

P: The value of B is one? Is not it? | want
to see the value of B here. The B do we
have it? Does it exist or not?

Al: Ndo

Ch: No

P: Quando ndo existe 0 B é igual a (...)

T: When it does not exist the B is (...)

Al: Zero

Ch: Zero

P: Esta claro? Quando ndo existe o B ¢
igual a zero

T: Is it right? When it does not exist the B
is zero

Afterwards, the teacher erased the answers he wrote on the board while they were discussing
about the coefficients of the functions listed at the beginning of the lesson. Afterwards he
dictated the question “Find the coefficients of the functions” and told the students to copy in
their notebooks those functions listed at the beginning of the lesson. The teacher erased the
answers given about the coefficient of the listed function he or the students had written on the
board during the interaction between them. Then he dictated the statement referring to the task
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they had just discussed before. In addition, each at a time, indicated by the teacher, the students
wrote again the coefficients for each function on the board. The episode closed with the
students copying the answers to their notebooks.

During this phase a student chosen by the teacher to answer a task, wrote a=—1and =1
for the function y= x+1, which was followed by the interaction:

Episode 6: Conveying confidence

P: Amigo porque é que 0 A é menos um

T: My friend why is the A minus one?

[1 {S R apagou a resposta}

[ 1{SR erased the answer}

P: Ohhh ndo. Tu podes estar certo, ndo
podes ter medo. Eu quero que digas €
menos um por causa disto so. E menos um
ou é um?

T: Ohhh no you may be right, do not be
afraid. 1 want you to say it is minus one
because of this only. Is minus one or one?

SR: Eum

SR: It is one

P: E um? N4o é menos um? Tens certeza?

T: It is one? Is it not minus one? Are you
sure?

L]

L]

P: Tens certeza? Estas certo que é um, ndo
é menos um?

T: Are you sure? Are you sure that it one
and not minus one

SR: Sim

SR: Yes

P: E um, podes sentar

T: Itis one, you can sit down

The lesson closed with the completion of this exercise and the dialogue finished and neither the
student nor the teacher justified the answers the student gave before and during the interaction.
It was not clear if the student’s agreement reflected his understanding of the coefficient of a
linear function or his reaction was just a response of the why-question that usually is made for
incorrect answers.

Analysis of Episode 5 and Episode 6

In Episode 5 the teacher aiming at attaining the learning objective to find the value of b in a
linear function, in this case the function y = x, focused the students’ attention to see in this
representation the value of b, asking if it is there, if it exists or not. He guided the students to
compare the nonexistence of an element or object with the number zero. In doing so, the
teacher strengthened the framing of the instructional discourse through controlling the
selection, pacing and sequencing of knowledge, and the framing of regulative discourse, the
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choice of the strategy. He engaged the students in a collective potential reasoning to explain
why the coefficient of the term is 1.

In Episode 6 the teacher was trying to give confidence to the students (3) and to make clear
that in the context of his mathematics lessons one has to justify and argue his(her) opinion and
be sure of what s(he) says (7). This is a regulative discourse hidden in an instructional
discourse. The student does not seem to have the recognition rule for this new mode of doing
mathematics. Consequently he interprets the teacher’s request for a reason as a sign that s(he)
was wrong and erases the answer immediately.

5.3.2.2 Lesson 2

5.3.2.2.1 Phase one: The meaning of the coefficients a and b
The teacher wrote on the board the “Sumario”:

Funcdo linear. Significado dos coeficientesa  The linear function. The meaning of the
e b numa funcéo linear. coefficients a and b.

The lesson started with the teacher dictating notes about monotony and students writing in their
notebooks:

Episode 7: Notes dictated by the teacher about the meaning of the coefficients

P: Se o coeficiente A for positivo a fungéo é
monatona crescente e se o coeficiente a for

T: If the coefficient A is positive the function
is monotonically increasing and if the

negativo a fungéo é monétona decrescente.
Se 0 modulo de A for maior do que uma
funcéo aproxima-se ao eixo das ordenadas e
se 0 médulo de A for menor do que um a
funcéo aproxima-se ao eixo das abcissas.

O valor de B indica onde o gréfico ira
interceptar o eixo das ordenadas.

coefficient A is negative the function is
monotonically decreasing.

If the modulus of A is greater than one
{writing on the board |¢ >1} the function
gets closer to the ordinate axis and if the
modulus of A is lesser than one {writing on
the board |a| <1} the function gets closer the
abscissa axis.

The value of B indicates where the graph
intercepts the ordinate axis.

Analysis of Episode 7

In this episode new specialized terms modulus, monotonic and intercept the axis were
introduced through an esoteric text. The teacher dictated the note, not giving opportunities for
the students to reflect on the phenomena, draw and present their conclusions, as he usually did.

This procedure denied students access to potential reasoning about the geometric mean of
the coefficient a in a linear function, through the students’ exploration using graphs, as

120



suggested by the curriculum. This reveals a possibly teacher absence of recognition rules in
interpreting the curriculum or of the realization rules to produce a legitimate text in the context
of the curriculum.

The teacher/student relationship and the content are characterized as strong classified
within an esoteric domain.

. 1
Then the teacher wrote the functions y=5x+3, y=2x+4, y:S—%x and y=-3x+1 on

the blackboard and worked out them in relation to the type of the monotony, calling volunteer
students to write the answers on the board.

Episode 8: Reviewing the coefficients of a linear function

1 | SL: O valor de A é um valor aproximado | SL: The value of A is a value close to the X.
ao X

2 | P: Como te chamas? T: What is your name?

3 | SL:Tomés SL: Tomas
P: Tomas, se eu estiver a explicar assim | T: Tomas, if | am explaining as you are
tu ndo vais perceber nada. T4 bom? | standing you will not comprehend. It is
Entdo quando queres explicar, faz de | okay? So when you want to explain pretend

4 | conta que este é o teu papel, e tu viras | that this is your paper, you turn a bit round
um pouco e explicas aquele senhor que | and you explain so that gentleman there
esta ali vai perceber. Usa a linguagem | comprehends. Use the language that you
gue tu quiseres ta bom? want okay?

5 | SL: Dissemos que o valor de A é o | SL: We say the value of A is the number that
nlmero que esta perto do X is close to X
P: Ele estd a dizer assim. eu vou-me | T: He is saying so. | am going to approach. |
aproximar. Eu disse para ele falar o que | told him to speak what he wants and he

6 | ele quer e falou. Ele esta a dizer que o | spoke. He is saying that the value of A is the
valor de A é o valor que € o coeficiente, | value that is the coefficient, the right word,
a palavra certa, mas ele esta a dizer que é | but he is saying that is the value that
o0 valor que acompanha o (...) accompanies the (...)

7 1AL X Ch: X

g | P: Aquele valor ali que acompanha o X | T: The value there that accompanies X is the
é ovalorde (...) value of (...)

9 | ALA Ch: A

10 | p: Seja positivo ou (...) T: It can be positive or (...)
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11 | Al: Negativo Ch: Negative

12 | p: Esté claro? T: Is it right?

13 | Al: Sim Ch: Yes

14 | P: Percebeu? T: Do you understand? {addressing student

Y}

15| sy:sim SY: yes

16 | P: Neste caso qual é o valor de A aqui? T: In this case what is the value of A here?

17 | sY: Um sobre dois SY: A half

18 | P: Um sobre dois, o valor de A é? T: A half, the value of A is? {addressing the

class}

19 | Al: Um sobre dois Ch: A half

20 | p: Qual sera o valor de A aqui? T: What is the value of A here?

21 | sy: Dois SY: Two

22 | P: Qual sera o valor de A aqui? T: What is the value of A here?

23 | Al [?] Ch: [?]

24 | p: Quanto? T: How much?

25 | SY: Um sobre trés SY: a third

26 | P: Eu disse que pode ser positivo ou | T: I said it can be positive or negative. In
negativo, neste caso (...) this case (...)

27 | SL: Menos um sobre trés SL: Minus a third

28 | p: Aqui T: Here

29

SL: Menos trés

SL: Minus three

30

P: Muito obrigado o que vocé falou é
suficiente. Quem ainda ndo percebeu? O
valor de A é todo o0 nimero que vem, que
faz parte ou que acompanha a variavel

T: Thank you very much, you spoke enough.
Who did still not understand? The value of
A is any number that goes with, that belongs
or that accompanies the variable (...)

()

31| Al X Ch: X

32 | P: O coeficiente que faz parte do X € o | T: The coefficient that belongs to X is the
valor de (...) value of (...)

33| ALA Ch: A
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P: Esta claro? Muitos ndo estdo a ver | T: Right? Most of you missed the lesson
34 | porque ndo estavam ontem. Muitos estdo | yesterday. You get stuck because you do not
parados porque ndo estdo a ver de onde | see where these values come from.

vém estes valores.

Afterwards, as he proceeded with the coefficients, the teacher erased what was written on the
blackboard by him or by the students. He dictated the statement related to the previous
functions while the students were writing in their notebooks. Then he wrote again on the
blackboard the coefficients of each of the functions as the students were suggesting, intersected
by repetitions of the rules. At the end he let the students copy them in their notebooks.

Before solving again the exercises the teacher asked the students who missed the lesson the
day before if they tried to understand how to find the coefficients a and b. Then he asked
someone who was in the previous lesson to explain again at the blackboard how to do it.
Furthermore, he advised that the one who missed the lesson would be asked to solve the task
during the lesson.

Analysis of Episode 8

The students as well as the teacher often used an imprecise mathematical language. The teacher
explicitly gives the students freedom to use their own language in the sentence “usa a
linguagem que quiseres” (use the language you want) in turn 4. The teacher valued the
students’ language as for instance when they use the words or phrases aproximado
(approximate) in turn 1, “estd perto de” (is close) (turn 5). The teacher uses “que acompanha”
(that accompany) (8, 30) or “que faz parte” (is part of) (30). While the framing of the social
communication appears to be weak, the framing over the criteria is also weakened by this
practice. This means that in many cases the criteria for legitimate productions remain implicit,
as everyday language is allowed, and also employed by the teacher. The teacher’s strategy to
let the student use the language they wanted (4), made the students more confident and
enhanced the chance of the students to participate in the communication and therefore be
involved in a potential reasoning process to distinguish the coefficients of a linear function. In
fact, it seemed SY understood SL’s (5) explanation using his own language (weakly classified
content) that was than strengthened by the teacher in 6 where the mathematical concept was
uttered.

The teacher attempted to enter the students into an esoteric domain by producing
expressive domain text, which here is characterized by a weakly institutionalised mix of both
specialized (value, variable, coefficient, positive, negative) and ordinary language (to
accompany, the number close to X) for describing mathematical relations.
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In utterance 34 the teacher approached the issue of students’ absenteeism making the rule
explicit that translates into a strong framing over the regulative rules.

5.3.2.2.2 Phase two: Steepness of a line

The next activity was to study the type of monotony of the previous four functions and the
“approach” of their graphs to the axes. The interaction between the teacher and the students

unfolds as follow:

Episode 9: Find analytically the steepness

1 | P: Sem esbogar o grafico qual é a
monotonia em cada funcdo?

T: Without sketching the graph how is the
monotony?

2 |11

L]

3 P: Temos que olhar para o valor de (...)

T: We have to look to the value of (...)

4 | sST:B

ST:B

P: O coeficiente que indica se a funcéo

T: The coefficient that indicates weather the

€ mondtona crescente ou decrescente € | function is monotonic increasing  or
(... decreasing is (...)

6 | ST: A éum sobre dois ST: Alisa half

7 P: E positivo ou negativo? T: Is it positive or negative?

8 ST: Positivo ST: Positive

P: Nés aqui dissemos que se A é
positivo a fungdo é crescente, neste
caso 0 A € positivo.

T: We said when A is positive the function
increases. In this case A is positive.

10 | ST: Entdo a primeira e segunda sdo
crescentes.

ST: Then the first and the second increase

11 | P Sim. E a terceira e quarta?

T: Yes. And the third and fourth?

12 | ST: Sinais negativos, sio decrescentes

ST: Negative signs, they decrease

13 | SM: Qual ¢ o significado de B?

SM: What is the meaning of B?

P: O valor de B cor (...). Se este 6 um a
funcdo passa por aqui. Por exemplo

14 1 nesta funcdo qual é o B?

T: B crosses (...). If this is one {referring to b
in a linear function} the function crosses here
{pointing to the point (;0) in a graph quickly
sketched on the board}. For instance, what is
the B in this function {pointing to y =2x+4?

15 | sMm: Quatro

SM: Four
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P: O gréfico tem que passar por quatro.
Se o B fosse negativo aqui também
passaria por menos quatro. Agora
quanto a questdo das aproximagoes nés

T: The graph passes through four. If the B

was negative {changing the sign before the
four in the equation y=2x+4} the function

would pass through minus four. Now the

16 | dissemos que se 0 modulo de a maior | question of the approaches we said if the
do que um a funcdo aproxima-se ao | modulus of A is greater than one the function
eixo das abcissas e se 0 modulo de a | approaches the ordinate axis and if the
menor do que um a fungéo aproxima-se | modulus of A is smaller than one the function
ao eixo das ordenadas. Qual € 0o mddulo | approaches the abscissa axis. What is the
de menos cinco? modulus of minus five?

17 [

P: Vocés ndo aprenderam mddulos? | T: You did not learn modulus, modulus of
Mddulo de menos cinco é cinco e | minus five is five and modulus of ten is ten.

18 | moédulo de dez é dez. Para a dltima | In the last function modulus of minus three is
funcdo moédulo de menos trés é maior | greater or lesser than one?
ou menor do que um?

1911 [

20 | P: Mddulo de menos trés é trés ndo é? E | T: Modulus of minus three is three isn’t it? It
maior // do que um// is greater //than one.//

21 | AL/SimI Ch: //Yesl/

22 | p: Ent#o o gréfico aproxima-se (...) T: The graph gets to the (...)

23 | ss: Do eixo X Ss: X axis

24 | P: Na funcéo y=%x+3 um meio é | T: in the function y =%x+3 a half is bigger
maior ou menor do que a unidade? or smaller than the unit?

251 [] [

26 | P: E menor por isso a fungdo aproxima- | T: it is smaller therefore the function gets to

se do eixo Y

Y axis

This interaction took place close to the end of the lesson, which ends with the teacher assigning
the homework, which was to answer the questions they had just handled.

Analysis of Episode 9
From turn 3 to 12 the meaning of the coefficient a was reviewed. In turn 7 the teacher
implicitly approved ST’s response and this initiated an individual realisation of reasoning that
involved the justification of the monotony of a linear function, that successfully ended in turn
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12. The pace in this activity was weakly framed allowing the students to relate the coefficient a
with the steepness. A potential collective reasoning that aimed to explain the meaning of the
variable b emerged with SM’s question in turn 13. Also the framing over the sequencing was
weakened, as the teacher started to answer to this question. The teacher did not give an
analytical but only a graphical explanation, although the discussion about the coefficient a had
been occurring in an analytical representation. Thus, he selected the solution strategy,
strengthening the framing over the criteria, and also over the pace. However, this episode
displays another pattern of students’ participation, in parallel with the common students’
responses to teachers’ questions in chorus and reveals the student M’s understanding of their
role as possible individual contributors, which indicates a weakening of framing over the
selection of the communication. Conversely, the control of sequencing and the pace was not
altered to sort out the students’ difficulties with the modulus (turn 16 to 18) and comparison of
rational numbers (24 to 26). The content was delivered in the form of an esoteric text.

The content distribution in the curriculum is not explicit about the teaching method of the
monotony of a linear function, as it just requires the teaching of the geometric means of the
coefficients, although the methodology proposed is to approach the monotony graphically. The
teacher made use of the space he has in the implementation of the curriculum deciding to teach
the analytical method as well. In this case the discourse was weakly framed in regards to the
selection of content at the level of external agents (the syllabus producer). This means there is
apparent weak regulation of the teachers’ choice.

Episode 10: Find the steepness graphically

The next episode started with the teacher drawing in one Cartesian system graphs of three
linear functions an increasing, a decreasing and a constant one. Then he asked the students to
say which of the line represents a decreasing function.

A ¥

F1
> 7

Fz

¥

Figure 3: Image of reletad to the stepness episode in the board
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Some students pointed to the right graph and the teacher explained what means decrease and
increase in the graph representation in the following ensuing talk:

P: No sistema cartesiano o valor de X e do
Y vém do negativo para o0 positivo. Na
medida em que os valores de X crescem 0s
de Y também devem crescer. Lembram-se
da proporcionalidade directa? Lembram-se
ndo é?

T: In the Cartesian system the X and Y
values come from the negative to the
positive. As the X values increase the Y
values increase too. Do you remember in
the proportionality, don’t you?

L]

[]

P: ok, vamos deixar. Mas a linha que
representa a funcdo crescente € a que esta
no sentido de subida, que atravessa o
terceiro e primeiro quadrantes. Isto chama-
se quadrantes, t& bom? Como se chama?

T: ok, leave it. But the line representing
the increasing function is the one that is
going uphill, that crosses the third and
first quadrants, this is a quadrant
{pointing the region of the first quadrant}
How is it called?

Al: quadrantes

Ch: quadrants

P: mas o que interessa é que ela atravessa,
deve estar no sentido de subida. Na medida
em que os valores de X crescem os de Y
crescem também. Ai estamos perante uma
fungdo crescente porque o valor de A é
positivo.

T: but what matters is that it crosses and
is going uphill. As the X values increase
the Y values increase too. There we have
an increasing function because A is
positive

Then the teacher pointed to Y; as the increasing function and told the students that they will
deal with this matter later, in the next lessons. The bell rang and the teacher dictated the task:

Das fungGes que se seguem diga quais delas
se aproximam do eixo das ordenadas ou das
abcissas?

Which one of the following functions gets
to the ordinate or the abscissa axis?

The lesson closure occurred after the students copied the four previously given and just

. 1
analysed functions y15x+3, y=2x+4, y:S—%x and y=-3x+1.

Analysis of Episode 10
As to the classification, the teacher used expressive domain text to explain the graphic
representation. The mathematical principles underlying the behaviour of the decreasing and

127



increasing function were absent, as the teacher’s explanation relied mostly on everyday
language as far as the issue in question was concerned. Consequently, the students did not
access the mathematical language of the topic, except the term quadrant. What counts as
legitimate text also remained implicit. The potential reasoning was related to graphical analysis
of the steepness of a line, which was denied to the students, perhaps owed to the strong framing
over the pace and sequencing.

As the students did not answer to the teacher’s attempt to use the supposedly known
knowledge about proportionality, the teacher changed the focus of the perhaps intended
discussion (3) strengthening the framing of the selection and weakening the framing regarding
the sequencing. However, this weak framing over the sequencing, because of the absence of
students’ knowledge about proportionality, prevented the emergence of the potential reasoning
approach in linking the two topics, namely linear functions and proportionality, and made the
more weakly classified instructional discourse in relation to the everyday language strongly
classified within the school mathematics subject. The syllabus in fact suggests the
interconnection in relation to proportionality and the function y =ax, as was said before. The

event reveals that the teacher perhaps did not grasp how to interpret this guideline.

Summary analysis of phase two

The interactions reported in the previous two episodes are very different from all the others
from teacher Raul’s lessons. The talk was strongly framed in relation to the pacing and timing
of the transmission. The students lacked some basic knowledge such as the concept of modulus
and the comparison between fractions and did not remember proportionality. The teacher did
not change his sequencing and overall pace to provide the students with that basic knowledge.
The discourse often remained in a version of expressive domain text with the use of some
everyday language, for instance, to explain the behaviour of the functions, such as “going
uphill, approaching or getting to the axis”. This text was not used as a route into more
specialised esoteric discourse. In terms of the content in general, there were strict boundaries
towards out-of-school practices.

The mode of interaction has changed towards a strictly planned teacher presentation with
occasional insertions by the students. These insertions mostly deal with correct naming, and not
with providing reasons or justifications. The apparent weak framing over the criteria that has
been visible in earlier episodes is absent here.
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5.3.2.3 Lesson 3

The topic of the next section was the construction of a graph of a linear function. As usual, the
teacher started the lesson writing on the board the “Sumaério™:

Construcdo do grafico de uma funcdo linear. Construction of graphs of a linear function.

5.3.2.3.1 Phase one: The table of values of a linear function

The teacher neither corrected the homework nor came back to the unfinished last task about the
three lines he had drawn in the same Cartesian system. At the beginning of the lesson the
teacher wanted to find out whether the students had brought ruler, pencil and eraser, and
advised those who had not to bring them in the next lessons.

The teacher starts the topic dictated the following notes:

Na construdo do grafico de uma funcdo To plot a graph of a linear function we

linear, procede-se fazendo: proceed making:

a) Construcdo de uma tabela atribuindo a) Construction of a table giving certain
certos valores a varidvel X e values to the variable X and subsequently
posteriormente determina-se o valor de Y determine the value of Y for each value of
para cada valor de X. X.

The sketch of a graph was introduced through the function y=2x-1 which the teacher wrote
on the blackboard. The teacher informed what would be done first, choose x and compute v,
and invited students to suggest the x values to be used to make the table of values and to
explain how to figure out the y values. Student G volunteered to give the answers and shouted
the number minus four, originating in the following talk.

Episode 11: Constructing a table of values

1 | SG: Menos quatro SH: Minus four

2 P: Menos quatro vem de onde? T: Where does minus four come from?

3 SG: De menos dois SG: From minus two

4 P: N&o estou a perceber, explica bem T: I do not understand, explain

5 SH: Multiplica-se dois X por menos dois e | SH: The two is multiplied by X and get
d& menos quatro minus four

6 P: Da menos quatro e depois o que se faz? T: We get minus four and what is

coming after?

7 | SH: Depois multiplica-se o dois X vezes | SH: Then we multiply two X by one
menos um
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P: Deixa-me entender, deixa-me entender.

T: Let me understand, you were saying, |

8 Estava a dizer, vou dizer assim como vocé | want to speak like you did. Right? Two
falou. Nao é? Dois X por menos dois e da | X by minustwo is (...)
(..)

9 SH: Menos quatro SH: Minus four

10 | P: E depois? T: And then?

11 | SH: Dois X vezes menos um da menos dois | SH: Two X times minus one is minus

two

12 | P: E depois? T: And then?

13 | SH: Dois vezes zero dé zero SH: Two times zero is zero

14 | P: Dois vezes zero. Ja ndo é dois X? E dois | T: Two times zero is zero, it is no more
Vezes zero. two X? It is two times zero

15 | SH: Dois X vezes zero SH: two X times zero

16 | p: Han. dois X vezes zero. Depois? T: Han. two X times zero. And then?

17 | SH: Dois X vezes dois SH: Two X times two

18 | P: Quanto é que d&? T: How much gives this?

19 | SH: Quatro SH: Four

As the student gave the answers the teacher was writing on the board the numbers —4, -2, 0,

2,4

20 | P: Quatro. Alguém quer ajudar? Sim? O que | T: Four, someone wants to help? Yes?

é que falta?

What is missing?

One student went to the board and computed in the same way as the student H.

21

P: Ele esta a fazer 0 mesmo que tu estavas a
fazer. Se queres rectificar podes vir.

T: He is doing the same as you did
before, if you want to rectify come to the
board {addressing student H}
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Student H wrote on the board:

22

P: Ja percebi. Deixa eu ajudar. E assim
quero vos lembrar, vocés basta passar uma
semana, deixam apagar. Mas as coisas que a
gente aprende, devemos lembrar a todo
momento, ta bom? S&o coisas que a gente
vai encontrar em todos momentos da vida,
mesmo em casa, mesmo na escola, mesmo
nas conversas. A conversarmos pode
aparecer um colega de uma outra escola e
vos pedir para voces fazerem o gréfico de
uma funcéo identica a esta. Vocés vao dizer
gue ndo aprenderam porque se esqueceram.

T: | understood. Let me help you. It is
so, | want remember you, you just after a
week you let delete ((the things)). But
the things we learn we have to remember
any time right? ((They)) are things we
are going to find in all moments of life,
even at home, even at school, even in
talks. While we are talking a colleague
from other school can appear and ask
you to sketch the graph of an identical
function. You will say you did not learn
because you forget it.

Then the teacher explained that they must multiply all the x-values they choose by two and add
to minus one. While the students were accompanying aloud in chorus the mathematical
computations, the teacher was completing the table on the board.

Analysis of Episode 11

Here there is a strongly classified discourse with reference to content and language used, so the
talk is located in the esoteric domain. However, the discourse was weakly framed over pace
and criteria as the teacher gave apparent choice without correcting and gave time to the
students to understand their colleague’s mistake (turn 1 to 20) in computing the values of the
function from a given value x. Perhaps due to the weak framing over the criteria, reasoning in
relation to evaluating the function has partly become possible, when student H realized that
they have to add the —1 in the computation (21). However he did not know how to put together
the text, writing incorrectly —4+—1=35. He had the recognition but not the realisation rule. The
teacher stopped the reasoning by incorporating a regulative discourse (22) instead of providing
explicit criteria in relation to the missing skill to promote the on-going discussion.
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5.3.2.3.2 Phase two: Addition in algebra

During the process (see Episode 11) the students had difficulties with the computation —4-1.

The following conversation occurred:

Episode 12: Adding two negative numbers

1 | T: Quanto é que é? P: How much is it?

2 | ch: Cinco Ch: Five

3 | T: Mais cinco ou menos cinco? P: Plus or minus five?

4 | Ch: Mais cinco Ch: Plus five

5 | Ss: Menos cinco Ss: Minus five

6 | Ss: E mais Ss: Itis plus

7 | T: E mais ou menos? P: Is it plus or minus?

8 | Ss: E mais Ss: it is plus

9 | Sos: E menos Sos: It is minus

10| SQ: E cinco positivo vou explicar (...) SQ: Itis five positive, | am going to explain

()

T: O que € que eu disse no outro dia que P: What did I say the other day when we
eu estive a falar sobre dois nimeros were speaking about two negative numbers?

11 negativos. Lembram-se? Quando temos When we have two negative numbers we
dois nimeros negativos n6s devemos have toad (...
sempre adicio (...)

12| Ch: -nar Ch: -add [students complete T’s word]

13| T: Ento quanto é que da? P: Then how much is it?

14| Ch: Menos cinco Ch: Minus five

15| T: Esta claro? Esté claro? P: Is it right? Is it right?

16| Ch: Sim Ch: Yes

Analysis of Episode 12

The talk remained strongly classified in content and language. Apparently, the teacher did not
apprehend SQ’ utterance (10) or ignored him because he was running out of time and he
wanted to finish the lesson, strengthening the control over the pace. SQ’s explanation, as well
as the students’ uttering of two different opinions, might have evoked potential reasoning that
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underlies the rule for adding two negative numbers, which instead the teacher immediately
gave, stating that “we have to add”, that is, stating it in form of a commandment.

5.3.2.3.3 Phase three: Plot the graph

After completing the table the teacher dictated notes about the next steps of the graph sketching
procedure:

b) Depois de encontrarmos os pontos de
todas as coordenadas devemos representar
todos os pontos no SCO.

¢) E finalmente unir todos os pontos.

b) After finding the points of all coordinates
must represent all points in the SCO.
¢) And finally we link all points.

Then they continued solving the previous exercise: plot the graph of y=2x-1. The teacher
suggested the students who had not brought a ruler to just sketch the graph in a draft and do it
in the notebooks at home using a ruler.

The teacher explained on the blackboard how to graduate accurately the axes, leading to
the following interaction:

Episode 13: Sketching the graph

P: Primeiro marcamaos os €ixos, que devem
ser perpendiculares. Para graduar o eixo
dos X colocamos a régua sobre o eixo,
depois escolhemos um nudmero que tem
que coincidir com o ponto de interseccdo
com o eixo dos Y e dividimos o eixo dos
X. A distdncia deve ser a mesma. Faz o
mesmo para Y

T: First we mark the axes that have to be
perpendiculars ((to each other)). To scale
the X-axis we place the ruler on the axis,
afterwards we choose a number which has
to coincide with the point of intersection
with the Y- axis and divide the axis X. The
distance should be the same. Do the same
for Y {pointing to a student}

The pointed students scaled the ordinate axis and went back to his seat while the teacher
walked around correcting the students’ works. Then he called another student to mark the
points. The student enumerated first the marks in the axes

P: Viram? Eu pedi para marcar 0s pontos e
ele primeiro colocou os valores. Deixa que
eu marco o primeiro ponto e depois vocés
marcam os restantes.

T: You see? | asked to plot points and he
first put the values. Let me mark the first
point, and then you mark the other.
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Then he marked the first point at the board and asked students to mark the remaining points at
the board. Some students raised the hands and went to the board to mark the point. The
students’ work on the board had been intercepted here and there by teachers’ questions and
observations.

3 | P: Ele marcou bem o ponto? T: Did he plot well the point?

4 | Al:Sim Ch: Yes

5 | P:Esta correcto? T: Is it correct?

6 | SX: Néo tracejou SX: ((He)) did not dashed
P: Se ndo tracejarem ndo estd bem. E | T: If you do not dash it is not well. You

7| preciso tracejar. Agora, o ponto (0,—1) ele | need to dash. Now, the point (0,—1) did he
marcou bem? mark well?

8 |11 [1

9 | P: A abscissa é (... T: The abscissa is (...)

10 | Al: Zero Ch: Zero

11 | p: E aordenda T: And the ordinate

12 | Al: Um Ch; One

13 | P: Entdo temos aqui zero e um. Este é o | T: S we had here {marking on the board}
ponto. zero and one. This is the point.

As all points were marked on the board the teacher asked the students to link them.

14

P: Agora podemos unir os pontos, com a
régua. Quem ndo trouxe faz no rascunho e
em casa passa para o caderno. Nao ha mao
levantada aqui.

Now we can link the points, with a ruler.
Who does not bring the ruler do it in a
draft and at home he do it in the notebook.
No freehand ((drawing)) here.
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While he was walking around to observe the graphs in the students’ notebooks he said:

15

P: Se fizerem bem o sistema cartesiano e
marcarem bem os pontos quando unirem
vao obter uma linha recta. Uns fizeram
bem, mas as distancias ndo sdo iguais. Da
préxima vez nao é mao levantada, pegar a
régua e marcar.

Ok vamos marcar o TPC. Construir no

mesmo sistema cartesiano o grafico das
fungbes y=x, y=3x+1 e y=-3x+1.

T: If you do well the Cartesian system and
marked well the points when you join the
dots you will get a straight line. Some did
well, but the distances are not equal. The
next time is not freehand, grab a ruler and
mark.

OK let's mark the home work. Sketch in the

same Cartesian system the graph of the
functions y=x, y=3x+1 and y=-3x+1

You have to do a table for the three
functions, mark the points of one function
each a time and link ((them))

Tém que fazer uma tabela para as trés
fungdes, marcar os pontos de uma fungédo
de cada vez e unir.

He drew the following table and explained how to proceed:

X -2 -1 0 1 2
y=X
y=3x+1

y=-3x+1

Analysis of Episode 13

The teacher explained step by step the procedure to plot a graph, making explicit the legitimate
text (1) and the criteria (2, 7, 14 and 15), e.g. through stressing the use of a ruler, translating
into a strongly framed discourse over the selection, the sequencing and the criteria, and
strongly classified in relation to everyday language and within the mathematics subject. The
episode about the dashed lines (6 and 7), indicating the units across in the x direction and the
units up in the y direction, and the last utterance shows that there is strong framing about the
criteria of what is legitimate mathematical production in this case. The whole topic is located in
the esoteric domain. However, the potential for reasoning is limited to the details of
representations, for which no principles are made available. At the same it is an indication that
the student X had the recognition and the realization rule, he appropriated the legitimate
discourse in that context.

The description of the procedure and the explanations given were made through an esoteric
text. During the lesson, the teacher walked around correcting the students’ works at their desks
and explaining individually how to scale the axes. He interspersed his rounds with loud
explanations on the blackboard about what he saw in the students notebooks and pertinent to
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tell everyone. In this lesson the teacher resumed the individualized mode of interaction he used
in Episode 11 with the student H in parallel with at the same time aiming at a classroom shared
discourse. The closure of the lesson took place after the teacher gave and explained the
homework, the sketch of three graphs of linear functions. The introduction of this procedure
followed the same steps as suggested in the methodology in the Syllabus.

5.3.2.4 Lesson 4

The “Sumario” was as usual written on the board by the teacher at the beginning of the lesson:

Construcdo de grafico da fungdo linear
(continuacéo)

Graph sketching of a linear function
(continuation)

The lesson started with teacher asking the students about the homework and then named a
student (who volunteered?) to plot it on the blackboard. Meanwhile, the teacher moved around
correcting the students’ work in their notebooks. Following episode report the teacher speech
during the lesson.

Episode 14: Practice on linear function graph plot

P: Este também esta certo, s6 que amigo,
da préxima vez ndo é com mao levantada.
Pegar régua assim e tracar, estd bom?

T: This is correct as well, but my friend
next time you must do it with the ruler,
right?

P: Quem ainda tem davida pode trocar de
lugar, procurar uma pessoa que sabe fazer
para ter ajuda

T: Those who still have doubts can
change ((her/his)) place, find a person
who knows how to do and get help

P: Vem ca. Ensina la a esta aqui para ela
saber representar. Explica a tua colega.
Ajuda a ela. O erro dela foi nas divisoes.
Tens que explicar a ela que as divisdes
devem ser iguais. Ela daqui para aqui
errou. Estds a ver aqui, esta divisdo é
menor do que esta. Tens que ensinar a
dividir e como marcar os pontos. Ela
representar sabe, estd aqui (23), ela
representou bem, o problema estd nas
divisdes. E s6 ensinar como dividir e
manda ela sozinha representar e unir 0s
pontos.

T: Come here. Teach this one here so that
she knows how to represent. Explain your
colleague. Help her. Her mistake was
with the division. You have to explain her
that the divisions should be equal. She
from here to here failed. Are you seeing
here, this division is smaller than this.
You have to teach her how to divide and
plot points. She knows how to represent,
here it is (2,3) she represented well, the
problem is with the divisions. It's just
teaching her how to divide and ask her
alone to represent and connect the points

P: Olha, a vossa colega tem um caderno

T: Look, your colleague (SK) has a grid
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quadriculado. Este tipo de cadernos ajuda
muito aos estudantes da vossa Classe.
Mesmo quando formos a ver os triangulos,
a semelhanca de tridngulos, este caderno
ajuda muito. Ela ja ndo precisa de dividir.
Simplesmente ela marcou os pontos e fez.
Este caderno é o mais aconselhavel que
vocés tivessem. Estd claro? N&o estou a
dizer que este ndo serve, mas este ajuda
bastante.

Agora vamos sup0r se tu tivesses uma A4
eras capaz de fazer? Uma folha branca,
folha de teste consegues fazer? Sabes
dividir?

notebook. This kind of notebook helps the
students a lot in your grade. Even when
we will study triangles, the similarity of
triangles, this notebook helps a lot. She
does not need to divide. She just marked
the points and did (the graph). This
notebook is more advisable that you have.
It is ok? | do not say that this (pointing
the lined notebook) does not serve, but
this is very helpful.

Now {addressing the owner of the grid
notebook} let’s suppose you have a blank
A4, would you do correctly? A blank
sheet, test sheet could you do? Divide the

axis?

5 | SK:Sim SK: Yes

6 | P: Para as proximas aulas de Matematica
tém que arranjar régua, lapis e borracha.

T: For the next math Classes you have to
have to get ruler, pencil and eraser.

The lesson finished with the teacher marking and explaining the homework, graph sketching of
three functions in the same Cartesian system.

Analysis of lesson four

The lesson was dominated by teacher speech. The lesson was different with an innovative
mode of interaction with the potential to have students engaged in reasoning. This pattern,
working in pairs or groups, occurs usually in Mozambican classroom, when the students are
solving exercises, but in a small scale, because they are not given much time. The teacher
rarely planned to let the students work pair-wise or in groups, but they usually talk to the
colleague next to them. This had happened in this lesson before the teacher announced they
may change places in turn 2. Thus, in this case the student decides to work alone or not but
s(he) does not have the decision of whom to work with but to work with the nearest fellow, to
not disturb the class. Up to turn 2, the teacher decides over the social base for the interaction,
meaning that the framing over communication between teacher and students got stronger, but it
was left to the students with whom to interact. In utterance 1 and 3 the teacher gave
individualized feedbacks: plot the graph without using the ruler and incorrect scale of the axes.
In the last utterance the teacher explicitly assigned the student the role of someone who is more
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capable to help the other, as he said “just teach her how to divide and ask her to mark the point
and trace the line”, traces of a strengthening of the framing over the the criteria for production
of legitimate contributions. At the same time when the teacher enumerated the students’ failure,
insisted with them to bring and use the drawing tools and stressed the rigor with the sketching
of the graphs, explaining how to use the tools, he used a strongly framed discourse over the
criteria. The explicitness of the criteria came at the foreground once more when the teacher in
turn 4, was concerned if student K would perform well in the test using a blank A4 sheet.
Additionally, in utterance 4 the teacher talked about the usefulness of a grid notebook for
mathematics lessons.

During the lesson the teacher was going around controlling the students’ work he reported
that only eight students plotted the points accurately, that was why they obtained a straight line.
Here the focus was on the framing of the criteria for legitimate productions (correct graphs).
There is thus strong framing over the criteria, which means there is less apparent control on the
side of the students. The text delivered was located in the esoteric domain.

Aspects of rigour and accuracy in drawing Cartesian system and plot points are absent from
the content distribution and the methodology in the syllabus, however, they are in a general
way, presented in the curriculum. This reveals teacher apparent autonomy, in relation to the
producers of the syllabus, to act in the classroom, within the limit of the curriculum, which
indicates an externally weakly framed (Bernstein 2000, p.14) pedagogic discourse.

5.3.3 Summary of Teacher Raul’s Lessons

To sum up, teacher Raul’s lessons are, in general, esoteric domain activities with a focus on
symbolic representations and specialized language, sometimes interspersed with everyday
terms, which function as expressive domain text.

The teacher adapts his lesson plan through repetitions and revisions according to his
interpretations of the students’ needs, with some exceptions, interacting with the students,
letting them go, in a volunteer way, to the board, unless in some cases he named the students,
express their answers in their own words and occasionally justify their answers. So, the teacher
possessed the control over the communication and its social base, the pace and the sequencing,
taking into account the students’ prior knowledge, except as reported in Episode 7 and Episode
9. Therefore, in relation to the traditional strong framing of Mozambican lessons, there is some
weakening in the lessons observed, which might indicate that the teacher wants to adjust to
some features of the new curriculum that intend to offer more space for students’ reasoning.

During the lessons several instances of potential reasoning emerged. However, as the focus
of the lessons was on specialising the esoteric domain language and on classifying objects (e.g.
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functions or polynomials), and on correct naming of objects, the possibilities for reasoning
often were not focussed on the mathematical meanings. Sometimes this collapses, when the
teacher invites comparatively open contributions that lead to unexpected or wrong answers, and
then he switches to a closed mode by strengthening the framing of pace, selection of the
communication and criteria. Also, there is a focus on developing a shared identity of the
students as a group, so there was not so much individualisation or achievement differences
visible.

The students were given opportunities to learn how to behave in a teacher Raul’ lesson,
they learn what questions they can ask and when, which text is valorised by the teacher,
because the evaluation criteria were generally made explicit by the teacher, through a strongly
framed discourse over the criteria.

As the teacher in the interview affirmed to base his practice in the syllabus and textbooks it
seemed he did not have the recognition rules to interpret some of the objectives in the
curriculum as potential for engaging students in reasoning or he did not possess realization
rules to turn them out in appropriate mathematical activities, which have the potential to
engage the students in reasoning. For instance, the approach to the topic did not promote the
observation of mathematical regularities, the intra-disciplinarity, and interpretation of
phenomena and did not include activities where students could explore potential applications in
the real life to focus their reasoning as well.

Based on his apparent freedom, the teacher introduced some changes in the selection and
the sequencing of content in the topic.

The mode of interaction in the classroom was overall with rare exceptions characterized by
students’ responses to the teacher questions in chorus, which is conflicting with the intention in
the curriculum, to have all students engaged in argumentation and reasoning. The rare instances
the teacher individualized the reasoning occurred in Episode 2 (turn 16 and 30), Episode 9 (turn
6 to 12), Episode 11 and (turn 5 to 19).

139



5.3.4 Teacher Antonio’s Practice

Teacher Antonio’s classroom is composed by 62 students 37 male and 25 female. He teaches in
a recently built suburban school in Maputo city. The desks are disposed in rows very close to
each other, which caused problems for the circulation of the students. To get to their seats in
the last rows some students had to jump over some desks.

5.3.4.1 Lesson 1

The lesson started as usual with the teacher writing the “Sumario” on the blackboard and
reading it aloud, and then the students copied the lesson plan in their notebooks:

Coordenadas na vida. Sistema cartesiano Coordinate in the everyday life. The
ortogonal. Proporcionalidades directa (PD) Cartesian system. The Direct (PD) and
e inversa (PI). inverse (PI) proportionalities.)

5.3.4.1.1 Phase one: The Cartesian system

The teacher introduced the topic asking a student to explain where he lives. The student gave
information about the neighborhood, the block away and the street number. The teacher asked
about the house number to complete the information, designating this information as the
students’ house coordinates that one can use to get to the place. He went on saying that one has
first to find the neighborhood, then the block away and the street and finally the house number.

Afterwards, he gave other example of coordinates in relation to the date and the place
where the Peace Agreement in Mozambique took place, on the 4" October 1994 in Rome, Italy.

Before he introduced the coordinates of a point on the plan he inquired the students
whether they brought the ruler he had advised them to bring in the previous lesson and some of
the students answered positively.

The teacher wrote on the board the subheading and began following interaction (Episode
15) with the students.

Sistema de coordenadas ortogonais Coordinate system

Episode 15: Introduction of the Cartesian system

P: O conhecimento dos nimeros racionais | T: The knowledge about rational numbers
vai permitir localizar a posicdo de um | allows locate the position of any point on
ponto qualquer no plano. the plane.

Then he sketched in silence a Cartesian system and marked the point (4,2) and then dictated
some notes while the students copied in their notebooks.
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P: Ao ponto P estdo associados dois
nimeros o quatro e o dois. Ao eixo
horizontal chama-se eixo das abcissas ou
eixo dos X e ao eixo vertical chama-se
eixo das ordenadas ou dos Y. Neste
sistema de eixos denominado de Sistema
cartesiano orthogonal (SCO) cada ponto
tem uma posicdo bem determinada e
corresponde a um par ordenado de
nimeros denominados coordenadas do
ponto. Vocés viram isto na 7a Classe néo
e?

T. To the point P are associated two
numbers the four and the two. The
horizontal axis is called the abscissa axis
or X axis and the vertical is called the
ordinate axis or Y axis. In this system of
axes denominated Orthogonal Cartesian
system each point has a well stated
position and corresponds to an ordered
pair of numbers called coordinates of a
point. You did this in Grade 7 is not it?

The teacher interrupted the dictation to ask the student if they had had this content in Grade 7.
The majority of the students answered negatively, a few responded affirmatively and one

student answered that may be it did not happen

dictation.

in all schools. And he went on with the

P: A cada ponto vamos fazer corresponder

T: To each point we are going to match its

as suas coordenadas. Em cada par | coordinates. In each ordered pair the first

3 | ordenado o primeiro valor ¢ o X e o | value is the X and the second the Y. Here
segundo Y. Aqui para a abcissa negativa | {writing on the board B(-23)} for the
menos dois a ordenada correspondente é | negative abscissa minus two the
(...). corresponding ordinate is (...).

4 | Al: Tres. Ch: Three.

5 | P:Entéo este é o ponto B T: So this is the point B {plotting the point

in the Cartesian system}

Then the teacher quietly wrote and plotted on the blackboard the points (1,1), (2,-1) and

(3:-2).

6 | P: Alguém tem dificuldades em | T: Someone has difficulties to represent
representar 0s pontos? the points?

7| Al: Néo. Ch: No.

8

P: Entdo podem passar.

T: So you can copy ((in your notebooks.))

The students drew the Cartesian system and plotted the points in their notebooks. Then the
teacher went on, and resumed the dictation
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P: O sistema de eixos divide o plano em

T: The system of axes divided the plan

9 quatro partes iguais que se denominam | into four equal parts denominated
guadrantes. guadrants.
The teacher sketched a Cartesian system, wrote the labels I, II, Ill, 1V in the respective

guadrants and emphasized that the points he marked before were in each of the quadrants.
Then he went on with the explanation.

P. Agora aqui existem alguns pontos | T: Now, here there are some particular

10 particulares. Em que quadrante estd o | points. For instance, in which quadrant is
ponto (1,0) por exemplo? the point (1,0)?

11 | Al: Primeiro [ ] quarto. Ch: First [ ] fourth.

12 | P: Aqui o ponto esta sobre o eixo das | T: Here the point is on the abscissa axis. In
abcissas. Em que quadrante esta? which quadrant is it?

13 | Al: primeiro [ ] quarto. Ch: First [ ] fourth.
P: S&o pontos particulares que vamos ver a | T: ((These)) are particular points we will
sequir. Escrevam nos  cadernos. | see next. Write in ((your)) notebooks.
Observagdo: S&o casos particulares todos | Observation: ((They)) are particular cases
0S pontos que pertencem aos eixos. Assim, | all points belonging to the axes. Therefore,

14 | todos os pontos do eixo das ordenadas tém | all points of the ordinate axis have the
abscissa nula e se denominam ordenada de | abscissa null and are denominated ordinate
abscissa nula e todos os pontos do eixo das | with abscissa null and all points of the
abcissas tém ordenada nula e se denomina | abscissa axis have the ordinate null and
abcissa de ordenada nula are denominated abscissa with null

ordinate.

Then the teacher marked in silence on the board the points E(2,0), F(0,2), G(-10) and
H(0 -3) stressing that they did not belong to any quadrant but they are on the axes and wrote:

Os pontos E e G séo abcissas de ordenada nula
e F e H sdo ordenadas de abcissas nulas.

The points E and G are abscissas with null
ordinate and F and H ordinates with null
abscissas.

Afterwards, he wrote two tasks on the blackboard:

1. Indique a abcissa e a ordenada de cada um
dos seguintes pontos: A(-1105), B(5,6),

C(-591) and D(%,—3J.

1. Find the abscissa and the ordinate in each of
the following points: A(-1105), B(5,6),

C(~5,91) and D(%,—B).
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2. Marque no SCO tomando por unidade 1 cm | 2. Plot in the Cartesian system the points:

0s seguintes pontos: G(—%gj H(-35), G(—%gj H(-35), 1(4-2)and J(0,25;3).

1(4,-2) e J(0,253).

Figure 4: Tasks marked on the board about points plotting

Analysis of phase one

The teacher used the everyday as a vehicle towards mathematics, in this case the students’
address, and denominated students’ house coordinates by him. The communication dealing
with the addresses took a short time; after that the teacher introduced the Cartesian system.
From here the content was insulated from the everyday language. The students entered into the
esoteric text through the public text.

The teacher delivered the concepts through dictation of notes and solving himself the tasks.
There was no room the students to interact with the teacher or with each other, what suggests a
strong framing lesson regards to the space of each agent, and strong classified in relation to the
content. The same is to say about the pacing and timing of transmission that were controlled by
the teacher. Along the dictation the teacher wanted to know if the students had had the
Cartesian system in the previous grade. Despite, the students answers revealed that some of
them supposedly faced from first time the content, the teacher did not relaxed the pace and the
sequencing to provide more help to those who presumable had difficulties, turns 2 and 3. The
strong classified relationship between teacher and students and the strong framing over the pace
and sequencing denies the students the possibility of exploring the content and therefore the
emergence of a potential reasoning process.

The Syllabus stated this topic to be a revision. Additionally, it suggests a revision with
varied exercises. However, the teacher took from grant that the students knew the topic and he
did not plan to do a thoroughly revision. In grade 7 the Cartesian system just considerers the
first quadrant, as the negative number had not yet been introduced. So, the teacher’s
recontextualisation of the Syllabus ignored as the syllabus did that the students faced from the
first time a Cartesian system including the semi-straight line negative axes. The teacher plotting
by himself the points did not provide the students access to potential reasoning involving the
place of points with negatives coordinates.

Hereafter, they moved on to the next concept, the proportionality. Following extract report
the dialogue between the teacher and the students while working out the task.
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Episode 16: Teacher and whole class interaction about proportionality

P: Existe PD quando a razdo entre cada
imagem Y e 0 seu objecto X d& sempre o
mesmo valor constante K, isto é, se Y
sobre X ¢ igual a K o que implica Y igual
a K vezes X {escrevendo no quadro

Z:k:>y:k>c}.
x

A PI exisiste quando o produto de cada
objecto pela sua imagem é constante, isto
é, K igual a X vezes Y o que implica Y
igual a K sobre X {enquanto escrevia no

quadro k=xy :>y:£}
X

Ha dois tipos de proporcionalidade a
directaea (...).

T: There is a PD when the ratio between
the image Y and the object X gives
allways the same value constant K, it
means, if Y divided by X is equal to K
what implies Y equal to K times X

{writing on the board Lok =y =k}
P

The PI exists when the product between
each object and its image is constant, it
means, K is equal to X times Y that
implies Y equal K divided by X {writing

on the board k=xy :>yzﬁ}
X

There are two types of proportionality the
direct and the (...).

Al: Inversa.

Ch: Inverse.

Afterwards, the teacher wrote on the blackboard the following tasks:

X 2 -3 0,5

X |2 11505

y 10 | -15 | 25

Yy 1314 12

P: Quando é que é PD? Quando a razédo
entre a imagem e 0 seu oObjecto é
constante. Entdo noés temos aqui esta
tabela para verificar se temos aqui uma
PD. Vamos verificar se a razdo entre a
imagem e o objecto é constante em cada

T: When is it a PD? When the ratio
between the image and its object is
constant. So, we have here this table to
verify if we have a PD. We are going to
verify if the ratio between the image and
its object is constant for each pair. {the

par. {o professor escreveu no quadro | teacher wrote on the board k=2
y 10 -15 25 x
== === =7 enquanto | 10 —-15 25 . .
x 2 -3 05 E:T:O—Whlle he was spelling}.
soletrava}. B ?
P: Dois virgula cinco dividido por zero | T: Two comma five divided by zero
virgula cinco. comma five.
Al: Dois. Ch: Two.

P: D4 cinco zero virgula cinco vezes cinco
ndo da dois virgula cinco?

T: It gives five zero comma five times five
does not give two comma five?
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7| P: Aqui? E aqui? {apontando as duas | T: Here? And here? {pointing the other
outras fraccdes} two fractions}

8| Al: Cinco e cinco. Ch: Five and five.

9| P: Entio qual é a conclus&o? T: So what is the conclusion?

10| Al: PD 1Ch: PD
P: Uma correspondéncia nunca pode ser | T: A correspondence never can be PD and

11| PD e Pl ao mesmo tempo. Mas ha | Pl at the same time. But there are
correspondéncias que podem nédo ser nem | correspondences that can neither be PD
PD nem PI. Porque é que esta é PD? nor Pl. Why is this PD?

12| Al: Porque o valor é constante. Ch: Because the value is constant.

13| P: Porque a razdo entre a imagem e o seu | T: Because the ratio between the image
objecto € (...). and its object is (...).

14| Al: Constante. Ch: Constant.
P: Esta razdo é igual a cinco por isso a | T: This ratio is five therefore the constant
constante de proporcionalidade é K igual a | of proportionality K is five. {he wrote
cinco {escrevendo no quadro k=5}. | k=5 on the blackboard} Now for the

15| Agora para 0 segundo caso vamos | second case we are going to verify if itis a
verificar se se trata de uma PD ou ndo. | PD or not. To be a PD the ratio of these
Para ser PD a razdo entre estes pares | pairs should be constant. Three divided by
deveria ser constante. Trés a dividir por | two gives (...)
doisda (...)

161 ] [1

17 | P: D& um virgula cinco. Quanto é quatro | T: It gives one comma five. How much is
dividido por um virgula cinco four divided by one comma five?

181 1] [
P: E um numero diferente deste que | T: ((It)) is a number different from this
apareceu aqui. Aqui também doze a | appeared here. Here as well, twelve
dividir por zero virgula cinco serd& um | divided by zero comma five will be a

19 nimero diferente deste que apareceu no | number different from this appeared in the

quociente deste par. Entdo ndo se trata de
uma PD. Vamos investigar se é uma Pl. A
férmula é esta o produto entre o objecto e
a imagem deve ser (...).

quatient of this pair. Therefore it is not a
PD. We are going to investigate if it is a
PlI. The formula is this the product
between the object and its image must be

(..
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20

Al: Constante.

Ch: Constant.

21

P: Quando falo de imagem estou a falar de
Y e do objecto tou a falar de X. Porque Y
depende de X. Entdo X representa o
objecto e Y representa a imagem, se
alguém esta a frente de um espelho entdo
consideramos a pessoa como um (...).

T: When | speak about the image | am
speaking about Y and the object I’ m
speaking about X. Because Y depends on
X. So X represents the object and Y the
image, if someone stands in front of a
mirror then we consider the person as the

(..).

22

Al: Imagem.

Ch: Image.

23

P: Como objecto, entdo o que aparece 4 ja
¢ a imagem. A imagem para aparecer
depende da presenca da pessoa ali. Se
aquela pessoa néo estiver ndo vai aparecer
nenhuma imagem l4 no espelho. E o
mesmo que acontece aqui. Vamos
verificar se se trata ou ndo de uma PI.
Vamos multiplicar dois vezes trés quanto é
que d&? E um virgula cinco vezes quatro?

T: As object, so what appears there is the
image. The image to appear depends on
the presence of the person there. If the
person is not there the image will not
appear in the mirror. It is the same that
happen here. We are going to verify if it is
a Pl or not. We are going to multiply two
times three how much it gives? And one
comma five times four?

24

Al: Dois vezes trés é seis e um virgula
cinco vezes quatro (...).

Ch: Two times three is six and one comma
five times four (...).

25

P: E seis podemos provar. {o professor
escreveu no quadro as multiplicaces e
realizou-as com minima participacdo dos
alunos} E seis aqui também doze vezes
zero virgula cinco é igual a seis. Neste
caso concreto temos dois vezes trés igual a
um virgula cinco vezes quatro igual a zero
virgula cinco vezes doze igual a seis.
Entdo neste caso é uma Pl e 0 nimero K ¢é
igual a seis. Ha algum problema em
verificar se é Pl ou PD?

T: It is six we can prove {the teacher
wrote on the board long multiplications
and computed with little participation of
the students}. It is six and here also twelve
times zero comma five is equal to six. In
this concrete case we have two times three
equal to one comma five times four equal
zero comma five times twelve equal six.
So in this case it is a Pl and the number K
is equal to six. Is there any difficulty to
verify a Pl or PD?

26

Al: Ndo.

Ch: No.

27

P:  Escrevam nos cadernos. Ha
correspondéncias que ndo sdo nem Pl nem
PD. Precisamos de testar primeiro usando

T: Write in the notebooks. There are
correspondences that are neither Pl nor
PD. We need to test first using the
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as formulas. A correspondéncia do | formulae. The correspondence in the first
primeiro exemplo é uma PD e a segunda € | example is a PD and the second is a PI.
Pl. As razdes ja foram dadas. The reasons were already given.

Analysis of phase two
In the same tune the teacher dictated notes about direct (PD) and inverse (PI) proportionalities,
gave some examples and tried to get students to solve them.

All but one teacher’ speech is located in the esoteric domain, without the underlying
principles of the mathematical concepts, formulae or procedures. In turn 21 the teacher
incorporated an everyday setting, the mirror example, producing a public domain text.
However, due to the strong framing over the pace and strong classification of the agents it
seemed the event did not contribute to a potential reasoning aiming at the understanding of the
concepts object and image.

The interaction kept being strongly framed in relation to the pacing and timing of
transmission and regards to the sequencing of the content. In fact, the teacher guided step by
step the activity. The strong framed hierarchical relations between teacher and the students can
be observed in the whole transcript, with particular incidence in turn 25, where the teacher
interrupted the students’ computation and said “It is six we can prove”. The students showed
difficulties in compute with decimal figures, but the teacher did not change his previous plan to
sort out this problem, he went on giving the results of the computations. On the side of the
students, they were not able to say they still had difficulties with the topic in turn 26, what
seemed they felt there is no room for negotiations, in this strong classified interpretation,
referred to the relation between teacher and students.

The criteria are explicitly made. The teacher informed in each stage what the question
asked and what had to be made to get the answer. For instance in turn 3 he made a rethorical
question “When is it a PD?”, giving immediately the answer and then announced what they
had to do. At the same time the teacher showed that the formulae were much valued.

In turn 12 and 13 is displayed the teacher concern with the mathematical language, more
precisely with the completeness of the sentences referring to mathematical objects.

The teacher recruited mathematical settings, in this case a table of values, to introduce the
concept of both proportionalities. He did not reccur to world life exampes to recontextualize
two objectives of the syllabus solve life problems and recognize situations of proportionalities
to engage the students in potential reasoning, as they explore the content and at the same time
the application of the content in the life. He seemed to miss to interpret these objectives,
showing that either one or both codes orientation (recognition and realization rules) are absent.
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5.3.4.1.2 Phase three: Solving an example

In the next step three correspondences were worked out. The teacher wrote the task on the

blackboard:

1. Observe as aplicagdes f, g e h definidas nas
tabelas.

X -4 10 | 125 | 25
y -5 2 1,6 8
X 2 5 105 | 10
y | 12 5 2 1,4
x| 15 2 -3 4,5
y 9 12 -18 | 27
Indique as que sdo proporcionalidades

classificando-as e diz qual é a sua respectiva
constante de proporcionalidade.

1. Observe the functions f, g and h defined in
the tables.

X -4 10 | 125 | 25

Yy | -5 2 1,6 8

X 2 5 105 | 10

y | 12 5 2 1,4

x | 15 2 -3 4,5

y 9 12 -18 | 27
Indicate which ((functions)) are

proportionalities, classify them and say what
its respective constant of proportionality is.

Figure 5: Task on the blackboard about proportionality in episode 17

The teacher explained what the term classify means and start solving the task on the board.
Following episode report the interaction on the next page.
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Episode 17: Engaging in a task

P: Conhecemos a formula da PD K igual a
Y sobre X entfo temos menos cinco sobre
menos quatro igual a dois sobre dez igual
a um virgula seis sobre doze virgula cinco
igual a oito sobre dois virgula cinco. {o
professor escreveu a expressdo k :% e as
-5 2 16 8
—4710 125 25
quadro enquanto soletrava} Por exemplo
dois sobre dez é igual a (...)

“igualdades”

T: We know the formula of a DP K equal
to Y divided by X so we have minus five
divided by minus four equal to two
divided by ten equal to one comma six
divided by twelve comma five equal to
eight divided by two comma five. {the

teacher was writing the expression k=2
X
-5 2 16 8

~4710 125 25
on the blackboards while uttered them}

For instance two divided by ten is (...)

and the “equalities”

Al: Cinco.

Ch: Five.

P: zero virgula dois, dois décimos é igual a

. 2 1
um quinto {ele escreveu no quadro 075

}. O que no6s queremos € verificar se o
quociente é igual ou ndo. Menos cinco
sobre menos quatro d& um e alguma coisa
e aqui um quinto da zero e alguma coisa
entdo ndo é PD. Agora vamos verificar se
é PI. Dois e meio vezes oito igual a menos
quatro vezes menos cinco igual a dois
vezes dez igual a um virgula seis vezes
doze e meio {enquanto ele falava ia
escrevendo no quadro:
25x8=-4x(-5)=2x10=16x125}.
Podemos ver que menos quatro vezes
menos cinco é vinte e dois vezes dez
também é vinte dois e meio vezes oito da
vinte e doze e meio vezes um virgula seis
também ¢é vinte. {o professor resolve no
quadro a multiplicagdo 2,5x8 and
16x125 e escreve k=20}

A proporcionalidade é (...)

T: Zero comma two, two tenth is equal to

one fifth {he wrote on the board 12—0 :é}.

What we want is to verify is if the quotient
is the same or not. Minus five divided by
minus four gives one and something and
here one fifth gives zero and something
then it is not a PD. Now we are going to
verify if it is a Pl. Two and half times
eight equal to minus four times minus five
equal two times ten equal one comma six
times twelve and half {as he spoke he was
writing on the board:
25x8=—-4x(-5)=2x10=16x125 }. We
can see that two and half times eight is
twenty minus four times minus five is
twenty two times ten is twenty one comma
six times twelve and half is twenty. {the
teacher computed on the board the
multiplications 25x8 and 1,6x125 and
wrote on the board k=20}

The proportionality is (...)
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Al: Inversa.

Ch: Inverse.

P: E a constante ¢ (...).

T: And the constant is (...).

Al: Vinte.

Ch: Twenty.

P: Correcto K é igual a vinte e a aplicacdo
representada pela letra F é uma Pl e a
constante K é vinte. Agora aqui vamos ver
se é PD ou PI. Doze dividido por dois é
seis cinco dividido por cinco da um nao é
PD. Vamos terminar a aula, acabem os
exercicios em casa.

T: Right K is twenty and the application
represented by the letter F is a Pl and the
constant K is twenty. Now here we are
going to see if it is a PD or a PI. Twelve
divided by two is six five divided by five
is one it is not a PD. Let us finish the
lesson, complete the tasks at home.

Analysis of phase three

This episode reported instances of the practice of the delivered content. As was said before, the
Syllabus suggests the use of varied tasks applying real life situtions. However, the three given
tasks dealt with tables of abstract values, reducing the teaching of the proportionality in
instances for engaging the students in potential reasoning about calculations, which have
nothing to do with the mathematical meaning. The teacher used the rules to solve the tasks on
the blackboard with a minimal participation of students. Their role was to perform simple
computation. The teacher’s dominance over the sequencing, selection and strategies limited the
options made available to students explore and find other potential reasoning paths. In addition
the repeatedly reference to the formula to answer any question might reinforce the students
conception that in mathematics context the tasks are solved using formulae.

The talk was strongly classified located in an esoteric domain, with the teacher exerting
explicitly his position in relation to the students. Similarly, the discourse maintained strongly
framed over the criteria, the pacing, the timing and the selection and strong classified in
relation to school and everyday language and across the mathematics subject.

5.3.4.2 Lesson 2

The topic of the lesson “Sumario” was written on the board by the teacher at the beginning of
the lesson:

Direct and inverse

Continuation

Proporcionalidade  directa e  inversa.

Continuacéo.

proportionality.

After the students copied the “Sumario” in their notebooks the teacher asked them about the
home work completion and then corrected it.

150



5.3.4.2.1 Phase one: Correction of the home work
The teacher drew again the tables related to the tasks on the board and solved without reading
them or letting the students read them before they tackled the task. The episode below reports

the interaction between teacher and students.

Episode 18: Interaction about the TPC (homework)

1 | P: Fizeram o TPC? T: Did you do the homework?
2|1 [l

3 | P: Quem fez o TPC? T: Who did it?

4 | ss: Eu. Ss: Me.

P: O TPC é para ser feito por todos. Ok
vamos corrigir. Tinhamos comecado 0
exercicio da segunda tabela, aplicagdo
5 | G. Doze a dividir por dois da seis, cinco
dividido por cinco da um, ndo é PD.
Doze vezes dois da vinte e quatro e
cinco vezes cinco vinte e cinco, também
ndo é PI.

T: The homework is to be done by everyone.
Ok Let us correct ((it)). We had started ((in
the last lesson)) with the task of the second
table, the application G. Twelve divided by
two gives six, five divided by five gives one,
it is not a PD. Twelve times two gives twenty
four and five times five ((is)) twenty five, it is
not a Pl as well.

6 | P: Aqui {apontando a proxima tabela}
menos dezoito sobre menos trés da seis.

T: Here {pointing the next table} minus
eighteen divided by minus three gives six.

7| SL: Seis positivo?

SL: Six positive?

P: Doze sobre dois.

T: Twelve divided by two.

9 | Al: Seis.

Ch: Six.

P: Também da seis entdo ha
possibilidades que seja uma PD. Vamos
verificar nestes dois pares. Aqui
conseguimos ver que € seis e aqui
também. Agora vamos verificar nestes
10| dois um e meio vezes seis vamos ver se
da nove também da e aqui quatro e meio
vezes seis também da vinte e sete. A
aplicagdo H é PD e a constante é K igual
a seis {ele escreveu no quadro k=6}.

T: It is six too then there is a possibility to be
a PD. We are going to verify in these two
pairs. Here we can see it is six and here as
well. Now we are going to verify in these two
one and half times six let us see if it is nine
{computing the multiplication on the board}
it also gives and here four and half times six
{multiplying on the board} it also gives
twenty seven. The application H is a PD and
the constant K is equal to six {he wrote on
the board k=6}. The application G is neither
aPD nor aPlI.
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Analysis of phase one

There was no change in the teacher behaviour in relation to the selection, sequencing and
pacing, taking for grant that the students already knew the content he rushed to have the content
taught.

Only few students asserted to have done the homework and the teacher neither checked
their notebooks nor asked them if they did it well after he corrected it on the board. Despite the
low completion of the homework the teacher corrected it without discussing with the students
the questions posed to assess their difficulties to perform the tasks, asking for students’ ideas or
sent students to the board to solve the tasks.

Interesting was the teacher reasoning in the last application, turn 10. He computed the most

simple divisions _—138 and % Then he announced to the students that as a consequence of the

same result in the two divisions there was the possibility of the existence of a direct
proportionality with constant 6. Changing the procedure without explaining or saying what he
was doing he multiplied this constant by the values of X and compared them to the
corresponding Y values turning easy the computations. However, this was happen so fast,
without the students’ participation excluding an instance for potential students’ reasoning. It
seemed that the students did not understand what was going on. But, they did not questioned
the teacher neither he seemed to be concern about it. The inter-relational relationship showed to
be strong classified, and the criteria seemed to be implicit, weakly classified.

In turn 7 the student L interjection referring to the sign of the product of a negative and a
positive number was ignored by the teacher or he did not possess the recognition rule to
interpret the students utterance as a problem of computation with integers. Thus, it was lost an
opportunity of potential reasoning about the multiplication of integers a problematic issue as
was visible in the lessons.

The content kept staying in the esoteric domain with the tasks contextualized in
mathematics settings, strong classified and the reasoning focused on application of the
formulae and computations.
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5.3.4.2.2 Phase two: Consolidation of the content
The next phase of the lesson was the resolution of the task on the board:

1. Na tabela esta definida uma PD entre x e y.

1. The table is defined a PD between x and y.

X |3 -4 B 15 D

X |3 -4 B 15 D

y | -9 A 18 C -1

y | -9 A 18 C -1

a) Indique a constante.
b) Determine os valores de A, B, Ce D.

c) Escreva a expressédo que traduz a aplicagéo.

a) Indicate the constant.

b) Determine the A, B, C and D values.

c) Write the expression that translates the
aplication.

Figure 6: Task on the board about proportionality in episode 19

The following episode reports the interaction between teacher and students.

Episode 19: Solving a missing value task

P: Agora temos aqui

um exercicio
diferente. Temos aqui o valor de X e o

T: Now we have here a different task. We
have here the value of X and the value of

1 valor de Y como é que vamos sair? Mas | Y how do we get out? But we have here
temos este par aqui completo temos o | this pairthis here complete we have the
valor de X e o valor de (...) value of X and the value of (...)

2 | ALY Ch:Y

3 leiam. Podemos entdo determinar
usando este par completo qual

qual € o resultado disto sobre isto?

P: O que é que vamos determinar primeiro

proporcionalidade eles ja dizem que é PD,
K | then determine K using this complete pair
é a
formula? K igual a Y sobre X {o professor
escreveu a formula & :i no quadro}

entdo o K para este par completo é igual a

T: What are we going to calculate first we

vamos determinar a constante de | are going to determine the constant of
proporcionalidade  porque eles ja | proportionality because they already stated
afirmaram que esta € uma PD entdo aqui ja | that this is a PD so here we are not testing
ndo estamos a testar se €& uma | if ((it)) is a proportionality they already

affirmed that ((it)) is a PD, read it. We can

what is the formula? K equal to Y divided
by X {the teacher wrote the formula & = %

on the board} so the K for this complete
pair is equal to what is the result of this
divided by this? {pointing the elements y
and x in the pair (3,—9)}
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[]

[]

P: Qual é o valor de Y aqui?

T: What is the Y value here?

Al: Menos nove.

Ch: Minus nine.

P: Sobre o valor de X que € (...)

T: Divided by the value of X that is (...).

Al: Trés.

Ch: Three.

©O©| O N| o o &~

P: Entdo K da menos trés.

T: So K gives minus //three//.

Al: //Menos trés.//

Ch: /IMinus three.//

11

P: Menos trés ja temos o valor da
constante que é a mesma em todos 0s
pares. Depois disso temos a formula
{escreveu no quadro y =kx} Y igual a K
multiplicado por X isto é K igual a menos
trés {escreveu no quadro £ =-3} que é 0
valor de K vezes X {escreveu no quadro
y=-3x}. Onde temos o valor de Y em
falta é s6 aplicarmos esta formula aqui.
Por exemplo aqui queremos determinar o

valor de A entdo Y igual a menos trés
vezes (...){escreveu no quadro y=-3x}

T: Minus three we have already the value
of the constant which is the same in all
pairs. After that we have the formula {He
wrote on the board j =kx} Y equal to K
multiplied by X this is K equal to minus
three {writing & =—2on the board} that is
the value of K times X {writing on the
board y=-3x). Where we have the value
of Y missed ((it)) is just apply this formula
here. For instance here we want to

determine the value of A then Y equal to
minus three times (...) {writing y=-3x)

12

Al: Vezes A.

Ch: Times A.

13

P: A é o valor que queremos ter, vezes
menos quatro {escrevendo y=-3x(-4)}

igual a //doze.//

T: Ais the value we want to get times
minus four {writing y=-3x(-4) } equal
[ltwelve.//

14

Al: //Doze//

Ch: /[Twelve//

15

P: Podemos também calcular o valor de C,
Y igual menos trés X {apontando para
equacao anterior} entdo Y igual menos
trés vezes um meio {escrevendo no quadro
y =-3x15} da menos quatro e meio
{enquanto escrevia no quadro C=-45}.
E positivo ou negativo?

T: We can also calculate the value of C. Y
equal to minus three times X {pointing the
previous equation} so Y equal minus three
times one comma five {writing y=-3x15
} ((it)) gives four comma five {while he
was writing on the board C=-45}. Is it

positive or negative?

16

Ss: Negativo.

Ss: Negative.

17

Sos: Positivo.

Sos: Positive.
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18 | P: Estamos a multiplicar um ndmero T: We are multiplying a positive by a
positvo por um negativo. negative number.

19 | Al: Negativo. Ch: Negative.
P: negativo, da mesma maneira podemos T: Negative, in the same way we can
determinar o valor de X em falta. Temosa | determinate the value X missing We have
formula geral K igual a Y sobre X the general formula K equal to Y divided
{escrevendo no quadro k= X} isto é K by X {writing on the board & = X} this

X X

vezes X igual Y {escrevendo no quadro means K times X equal to Y {writing on
ke =y } entdo X igual a Y sobre K { the board & =y } then X equal Y

20 | escrevendo no quadro x = %}. X éiguala | divided by K {writing on the board x =%
dezoito sobre menos trés igual a menos }. X is equal to eighteen divided by minus
seis {escrevendo no quadro % =L§ =6} three equallr;inus six {writing on the
entdo B é igual a menos seis {escrevendo board k 3 =-6} 50 B is equal to minus
no quadro B =—¢€}. Qual é o valor de Y six {writing on the board B =—€}. What is
ali? {apontando para -1 na tabela dada} the value of Y there? {pointing the —1 on

the given table }

21 | Al: Menos um. Ch: Minus one.
P: X é igual menos um sobre menos trés T: X'is equal to minus one divided by

2 | {escrevendo no quadro & = ;; :é} X minuslthr(lae {writing on the board
: . k=— =—} X equal one third this is the
igual a um terco este é o valor de (...) 3 3

value of (...)

23 | ss:D Ss:D
P: Entdo D é igual a um sobre trés. Pedem | T: So D is equal to one divided by three.
para escrever a expressao que traduz esta ((It is)) asked to write an expression that

24 aplicacdo. A equacdo é esta Y igual menos | translates this application. The equation is
trés vezes X {apontando a equacéo yhis Y equal to minus three times X
y=-3x}. Alguma ddvida? {pointing y=-3x}. Any doubt?

25

L]

[l
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Analysis of phase two

The students had not opportunity to read, understand the question and explore the strategies to
solve the task. The teacher started saying that the task was different from the others they had
been tackled, indicating step by steps how the procedure of the solution and solving himself on
the board. He intercepted his discourse with occasional rhetorical questions (turn land 3) he
responded immediately.

As it happened in the first lesson there were strict boundaries between the mathematical
school content and the everyday language and within the mathematics subject, with the teacher
controlling the selection, pacing and timing of the transmission. The teacher did not alter his
plan albeit the students’ lack of some basics knowledge such as multiplication of integers and
decimals as it is shown in turn 8, 16 and 17. From turn 11 to 13, the students showed not to
understand what the teacher was doing on the board as they answered that to get the A value in
the table they have to multiply by A. The teacher replied immediately that A was what they
wanted to calculate, they had to multiply by minus four. The students’ answer was once more
ignored, as the teacher did not refer to it in the next utterances. The students’ activity in the
classroom was minimal with the teacher hierarchical position explicitly excelled.

Throughout the lesson the cross products of a proportion, one objective of the Syllabus were
not applied, what presumably means an absence of the teacher code orientation.

Then the teacher opened the textbook to mark some tasks but the students told the teacher
that they have other textbook and the teacher advised them to have photocopies of the tasks of
the textbook the teacher uses, imposing once again his position and strengthen the
classification.

Meanwhile the bell rang and the closure of the lesson took place after the teacher mark the
home work tasks.

5.3.5 Teacher Cida’s Practice

Teacher Cida teaches in an urban school in Maputo. She has 55 students 20 female and 35
male. The desks are as usual disposed in rows, and the teacher and the students have enough
space to circulate.

5.3.5.1 Lesson 1

5.3.5.1.1 Phase one: Correction of the homework

The first phase of the lesson was the homework correction. The teacher sent a student to the
blackboard to mark the points. The student drew a Cartesian system without using a ruler and
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marked the points. The teacher asked the other students if the solutions were correct and they
answered affirmatively. The teacher let the student back to her seat.

Analysis of the phase one
The student marked the points in silence, without using a ruler. The teacher did not ask for
justification and did not make comments about the work. Apparently the students had control
over the pace and over the criteria thus the framing was apparently weak regards the pacing and
evaluation. At the same time the regulative discourse was weakly classified. However, as the
teacher indicated the student, who corrected the homework on the board, she possessed the
control of the social base. The text was located in the esoteric domain.

5.3.5.1.2 Phase two: Direct and inverse proportionality

After thecorrection of the homework the teacher wrote the “Sumario” on the board:

Proporcionalidade directa e indirecta

Direct and inverse proportionality

The development of the concept is reported in Episode 20 below:

Episode 20: The direct proportionality

P: J& ouviram falar sobre isto ndo é

T: You have already heard about it, isn’t

1

it? {referring to the proportionality}
211 [
3 T: Who have ever heard?

P: Quem ja ouviu?

Four students raised up the hands

4 | P:OqueéaPD? T: What is a PD?
51 []
P: vamos ver {ela desenha no quadro | T: Let’s see {she drew four rectangles
quatro rectangulos enumerados de | a IV, | enumerated from one to four, displayed in
6

como mostra a Figure 7 mos primeiro um
rectangulo de base trés e altura H. A érea é
igual a trés vezes H.

Figure 7}. We have first a rectangle with
the basis three and height H. The area is
equal to three times H.
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3h 4h

3 3

3

Figure 7: First drawing on the board related to proportionality in episode 20

P: No segundo a base continua a ser trés,

T: In the second the basis continues being

7| mas a altura aumentou. Quantas vezes? three, but the height is increased. How
many times?
8 | Al: Duas. 8 Ch: Two.
P: Sim, a &rea é duas vezes trés vezes Hno | T: Yes, the area is two times three times H
9 | terceiro guantas vezes a altura aumentou? in the third how many times is the height
increased?
10| Al: Trés. Ch: Three.
11| P: Entdo a area sera trés vezes trés vezes H | T: So, the area will be three times three
0 que é que acontece no quarto? times H what is happening in the fourth?
12| Al: A altura aumentou quatro vezes. Ch: The high is increased four times.
P: A érea é trés vezes quatro vezes H. Se | T: The area is four times three times H. If
13| quisermos relacionar a area e a altura. O | we want to relate the area and the height.
gue é que acontece com esta area? | What happened to this area? {The teacher
{apontando para 11}. pointed I1}.
14| Al: Aumenta. Ch: Increases.
15| P: Quantas vezes? T: How many times?
16 1] [1
17| sA: Duas vezes. SA: Two times.
18 | P: Quantas vezes? T: How many times?
19| Al: Duas vezes. Ch: Two times.
P: Se tirarmos uma linha ela diminui o que | T: If we take out one row it decreases what
20

é que podemos dizer? Quando a altura
aumenta (...).

can we say? When the high increases (...).
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21

Al: A area aumenta.

Ch: The area increases.

22

P: Mas como é que ela aumenta?

T: But how does it increase?

23

[l

[]

24

P: Quando {a altura} aumenta para duas
vezes (...)

T: When it {the height} increases to two
times (...)

25

SA: A area duplica.

SA: The area duplicates.

26

P: Quando {a altura} aumenta para quatro
vezes (...)

T: When it {the height} increases to four
times (...)

27

Al: A area aumenta quatro vezes.

Ch: The area increases four times.

28

P: Entdo o que é que acontece?

T: So, what happens?

29

SA: Quando a altura aumenta a area
aumenta as mesmas vezes.

SA: When the high increases the area
increases the same times.

30

P: Agora se a altura diminui?

T: Now, if the height decreases?

31

SA: A éarea diminui as vezes que a altura
diminui.

SA: The area decreases the times the
height decreases.

32

P: Quando ha este tipo de relagdo entre
duas grandezas dizemos que ha uma
proporcionalidade directa.

T: When there is this type of relation
between two quantities we say that there is
a direct proportionality.

Then the teacher wrote on the blackboard. When a quantity increases or decreases the other
quantity increases or decreases the same times respectively. These quantities are direct
proportional.

33

P: Com base no exemplo podemos
construir uma tabela. Aqui {desenhando a
tabela da

} temos a altura e aqui a area. Podemos
ver que quando a altura aumenta duas
vezes a area aumenta duas vezes também e
quando a altura aumenta ene vezes a éarea
aumenta ene vezes tamhém. Lembram-se o
que fizeram na sétima Classe?

T: Based on the example we can construct
a table. Here {drawing the table displayed
in Figure 8}we have the height and there
the area. We can see that when the high
increases twice the area increases twice
too, and when the height increases n times
the area increases n times too. Do you
remember what you did in Grade 7?
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Height

Area

2x1 2
3x1 3
4x1 4
nx1 n

6 2%3

|
9 3x3
12 4x3
3n nx3

Figure 8: Second drawing on the board in episode 20

3411 [1
35| P: Vamos ver, o que é uma raz&o? T: Let’s see, what is a ratio?
36| 1] [
P: E o quociente entre duas grandezas. | T: It is the quotient between two

37| Temos trés sobre um qual é o resultado? guantities. We have three first, what is the
result?

38| Al: Trés. Ch: Three.

39| p: Seis sobre dois. T: Six halves.

40| Al: Tres. Ch: Three.

41| P: Nove tergos. T: Nine thirds.

42| Al: Tres. Ch: Three.

43| P: Doze sextos. T: Twelve sixths.

44| Al: Trés. Ch: Three.

45

P: Obtém-se 0 mesmo ndmero se obtém o
mesmo ndmero significa que elas {as
fraccGes} sdo equivalentes. Se a razdo
entre duas dimensdes é a mesma 0 que €
que podemos dizer? Os valores néo
alteram, mantém-se, € (...)

T: It is obtained the same number. If it is
obtained the same number this means that
they {the fractions} are equivalent. If the
ratio between two dimensions is the same
what can we say? The values do not vary,
they keep the same. ((It)) is (...)

46 1] [
47| pP:E(...) T:Is(...)
811 []
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49

P: E constante. E como é que a constante é

T. ((It)) is constant. And how is the

%07 1] []
51| P: E constante ndo é? T: ((1t)) is constant, isn’t it?
52| s:Sim. S: Yes.

53

P: Aqui dividimos os valores de Y pelos
valores de X. Mas podemos fazer o
inverso na divisdo e teremos um terco dois
sextos podemos ou ndo simplificar?

T: Here we divide the values of Y by the
values of X. But we can do the turn around
the division and we will have one third
two sixths can we or not simplify?

54| s: Podemos. S: We can.

55| P: Por quanto? T: By how many?

56 | S: Por dois. S: By two.

57| P: Dois sextos € igual a um tergo. A seguir | T: Two sixths is equal one third. Then we

temos

have three ninth simplified by (...)

58

Al: Trés

Ch: Three

59

P: Quatro dozeavos
simplificar por quanto?

que podemos

T: Four twelves that we can simplified by
how much?

60

Al: Por quatro.

Ch: By four.

Then the teacher summarized what they were dealing with. She was spelling while she wrote

on the blackboard:

1 2 3 4 n

376 9 12 3’

61

P: Um terco é igual a dois sextos igual a
trés nonos igual a quarto dozeavos iguala n
trés  eneavos. A  constante  de
proporcionalidade normalmente designa-se
por K igual a Y sobre X. A razdo de duas
grandezas correspondentes é constante.
Lembram-se disso?

T: One third equal to two sixth equal to
three ninths equal to four twelves equal to
n three nths. The constant is normally
designed by K equal to Y divided by X.
The ratio between two correspondent sizes
is constant. Do you remember this?
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Analysis of phase two
The interaction displayed in Episode 20 shows the extent of the teacher control over the
selection of the content, the decision to move from one to another activity and the role of
teacher and the students in the transmission. The lesson started with the teacher asking if the
students remembered what proportional quantities means. As the students were silent the
teacher recruiting a mathematical setting, in that case the rectangles he drew on the board,
guided the students’ attention to the potential reasoning involving the observation of the
variation of the high and the area of the respective rectangles and drawing of conclusions about
the growth (decrease) of the quantities. The teacher asked step by step what happen with the
high of the rectangle in each case and the students answered that it doubled, tripled, etc. The
teacher agreed with them and went on saying that the area will be two times three times the
high, three times three times the high, etc, without writing notes on the table or asking the
students to write on their notebooks. In doing so the teacher explicitly suggested the students
the thought process, limiting in that way the options made available to them to explore the
content and extract their own conclusions, an attitude that characterizes a strongly framed
episode. The potential reasoning in that case was the observation of the variation of the high in
each case, as the teacher did the remaining reasoning, the variation of the area, by herself (9 to
13). In turn 13 she wanted to start the generalization. The students did not follow her line of
thought and did not reply her question to conclude what happens in the table with the behaviour
of the magnitudes. Student A showing he was grasping the idea gave a correct answer, but his
reasoning was not made public. The teacher did not question for justification prevent the
students potential reasoning regards the relationship of the sizes. Then the teacher shifted the
focus from the potential collective reasoning to student A individual engagement (turn 28 to
31) and in turn 31 he finally gave an answer that satisfied the teacher, only visible in her
utterance (32), because she did not refer to the student contribution. In this episode reasoning
development, valued by the Syllabus, was apparently reached, but for just one or a few
students. The term apparently was used because it was not visible how the student got the
answer, if it was by chance, by remembering the proportionality topic in grade 7 or he did some
reason to get it.

In two instances the teacher anticipated the students’ incorrect answer. In turn 20 when she
immediately said the area decreases when a row is taken out and in turn 53 to 60 when she

deliberately did not ask about the simplification of the fraction 3l as she did expect the
n

students could have trouble. In acting in that way the teacher shows to have recognition rules
about the students difficulties, but either she did not possess the realization rule to overcome
the problem or she deliberately ignored the problem. The teacher recontextualised the textbook
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“Matemética 8% Classe”, that introduced the generalization with the use of n, without any
additional explanation, although the students faced similar situation from first time, as the
teacher did. Unlike the textbook, the teacher did not highlight the meaning of the constant in
the context of the given problems. This fact could mean that the teacher did not recognize in
the textbooks discourse the mathematical meaning in the contexts of real settings.

The teacher then moved to other regularity of the data in turn 33, shifting the focus of the
potential reasoning to the ratio of the sizes. She guided the students to observe that the ratio
between the corresponding sizes is constant. The role of the students in the first part was to say
how many times the high increases from one to another rectangle and to compute divisions in
the second one.

The school mathematics content was insulated from the everyday knowledge that suggests
strong classification regards the content taught. However, as the teacher used prior knowledge
about the area of rectangles the content is weakly framed within the subject mathematics. It is
to note that although the students supposedly knew how to calculate the area of a rectangle the
teacher did not offer them the opportunity to apply that knowledge. Thus, it was visible the
strong classification of the relationship between the teacher and the students.

In turn 33 the teacher shifted the focus to the quotients between the sizes, after she asked
the students if they had the content in grade 7 and the students remained in silence. It was not
clear if this shift was made because she felt the students had difficulties or she had already
planned this activity. But from utterance 45 to 51 the instructional discourse was weak framed,
with the teacher asking how the constant is named expecting to hear the term constant.

The strong framed episode over the selection, sequencing and pace prevent the emergence
of a potential reasoning instance as the task was suitable for it.

5.3.5.1.3 Phase three: Graph of the direct proportionality
The next concept was tackled. The teacher wrote on the blackboard:

Representacdo grafica ‘ Graphical representation

Episode 21: The graph of the direct proportionality

P: Agora vamos tracar o grafico. SO é
possivel no sistema cartesiano. O qué?

T: Now we are going to sketch the graph.
It is only possible to do it in a Cartesian
system. What?

[]

[]

P: N&o parece que estiveram na aula
passada.

T: It does not seem you were in the last
lesson.
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4

SB: Ortogonal.

SB: Orthogonal.

The teacher drew an Orthogonal Cartesian System on the blackboard.

5 | P: Quando a altura é um a érea é trés. | T: When the high is one the area is three.
Podemos formar um par ordenado ndo é? We can form an ordered pair isn’t it?

6 | Al: Podemos. Ch: We can.

7 | P: Quando a altura ¢ dois (...) T: When the high is two (...)

8 | Al: Adéreaé seis. Ch: The area is six.

9 | P:Paraaaltura trés. T: For the high three.

10 | Al: Nove. Ch: Nine

11 | p: E para quatro. T: And for four.

12 | ch: Doze. Ch: Twelve.

13 | P: O que € que representa o grafico numa | T: What does the graph represent in the
PD? PD?

140711 [

15 | P: E uma linha (...) T: Itis aline (...).

16 | Al: Recta. Ch: Straight line.

17 | P: E o que nés temos na PD {tracando | T: This is what we have in the PD
uma recta}. A constante de | {drawing the straight line}. The constant
proporcionalidade é a razdo entre valores | of proportionality is the ratio between
correspondentes e o grafico € uma recta | correspondent values and the graph is a
que passa pela origem do sistema | straight line, which passes through the
cartesiano. origin of the Cartesian system.

18 | p: Agora vamos copiar para os cadernos. T: Now let’s copy down in the exercise

books.

The students copied down the graph in their notebooks.

19

P: N&o brinquem temos muito que fazer
hoje escrevam. Conclusdo: Entre duas
grandezas directamente  proporcionais
quando o valor de uma delas aumenta ou
diminui um ndmero de vezes a outra
aumenta ou diminui a mesma quantidade.
A constante de proporcionalidade é a

T: Don’t play, we have much to do today
write down. Conclusions: Between two
direct proportional measures when the
value of one of them increases or
decreases a certain number of times, the
other measure increases or decreases the
same quantity. The constant of
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razdo formada pelos correspondentes | proportionality is the ratio formed by the
valores das duas grandezas. O grafico é | correspondent values of the two measures.
uma linha recta que passa pela origem do | The graph is a straight line passing
sistema cartesiano. Agora temos outra | through the origin of the Cartesian system
proporcionalidade. Now we have other proportionality

Analysis of phase three

At the beginning of the episode the teacher wanted to have the fully designation of the
mathematical object orthogonal Cartesian system. In utterance 1 she used only the last part of
the designation Cartesian system and expected the students to complete the expression. She
aimed the students to produce the legitimate text by strengthen the criteria. Before the silence
of the students she used the implicit regulative discourse:

P: Ndo parece que estiveram na aula passada. | T: It does not seem you were in the
classroom last lesson.

The missed word, orthogonal, was immediately given by one student. She implicitly brought to
the foreground that students have to pay attention in the lesson strengthen the regulative
discourse. In turn 20 the signal was explicit.

Afterwards she drew a Cartesian system and marked the points before identifying the
coordinates of each pair with the students. In turn 5, she uttered the mathematical object
ordered pair. After finished to mark the points she linked them to obtain the graph.

The episode was strong classified and framed over the selection and pacing and there was
no room to potential reasoning.

5.3.5.1.4 Phase four: Inverse proportionality

The teacher wrote on the blackboard the subheading and drew pictures that were similar to the
ones in the textbook he used (Matematica 8% Classe), as represented on the next page.

Proporcionalidade inversa ‘ Inverse proportionality
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v= 1 km/h
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t= 6 horas
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v =45 krmh
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tw 2 horas
v = 80 kmh
—- 1]
tw 1o

Figure 9: Image from “Matematica 8* Classe” (p. 86) similar to the teacher’s drawing

Episode 22: The time spent by different vehicles

P: temos aqui diferentes veiculos. Vamos
comparar a velocidade dos referidos
veiculos quando percorrem a mesma
distdncia a corroca leva seis horas a
completer a distancia. A bicicleta leva
quatro a fazer a mesma distncia. A
motorizada trés horas. Estéo todos a ver o
que esta a acontecer? Agora temos o carro
que s6 leva uma hora. Comparem as
velocidades, o que podemos dizer?

T: We have here different vehicles. Let’s
compare the speed of the given vehicles
when they travel the same distance. The
cart load takes 6 hours to travel the
distance. The bicycle takes 4 hours to do
the same distance. The motorbike ((takes))
3 hours. Are you all seeing what is
happening? Now we have the car that only
takes one hour. Comparing the speeds,
what can we say?

[]

[l
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3 P: Olhem para aqui {apontando para o | T: Look at here {pointing the picture}. I
desenho} ndo sei se estd bem desenhado. don’t know if it is well drawn.

4 | SC: Quando a velocidade aumenta o | SC: When the speed increases the time
tempo gasto para fazer a distancia diminui. | spent to travel the distance decreases.
P: Uma vez que o velocidade aumenta o | T: Once the speed increases the time spent
tempo gasto para completar a distancia | to do the distance decreases. They are
diminui. Elas sdo inversamente | inverse proportional sizes. So, the increase
proporcionais. Entdo o aumento de uma | of one size corresponds to the decrease of

5 das grandezas corresponde a diminuicdo | the other in the same amount. When one
da outra na mesma propor¢do. Quando | magnitude increases or decreases the other
uma grandeza aumenta ou diminui a outra | do the opposite.
faz o oposto.

Speed 15 | 30 | 45 | 90 Speed 15 | 30 | 45 | 90
Time 6 3 2 1 Time 6 3 2 1

6 | P: Entdo como € que calculamos a | T:So, how do we calculate the constant?
constante?

[N [

The teacher wrote on the board 15:6=90,30-3=90,

45.-2=90,90-1=90

8 P: O que podemos dizer acerca do produto | T: What can we say about the products of
das grandezas correspondentes? the corresponding sizes?

9 |l []
P: o] produto é constante | T: The product is constant, consequently
consequentemente  a  constante  de | the constant of proportionality is ninety.

10 proporcionalidade é noventa. Entdo o que | So, what can we say? The constant is the
¢ que podemos dizer? A constante é o | product of the corresponding values K is
produto dos valores correspondentes K é | equal to X times Y.
igual a X vezes Y.
P: Vamos agora tragar o gréfico para esta | T: Let’s now draw the graph of this
proporcionalidade. {marcando os pontos | proportionality. {marking the points in the

1 no quadro} Quando a velocidade é quinze | graph on the board}. When the speed is
0 tempo gasto é seis. Quando a velocidade | fifteen the time spent is six. When the
¢ trinta o tempo é trés. Quarenta e cinco | speed is thirty the time is three. Forty five
corresponde a (...). corresponds to (...).

12 | Al: Dois. Ch: Two.
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13 | P: Noventa T: Ninety.

14 | Al: Um. Ch: One.

15 | P: Entdo como sera o grafico? T: Now how does the graph look like?

16 | sD: Né&o é uma linha recta. SD: It is not a straight line.

17 | SE: E ndo passa pela origem. SE: And it does not pass through the

origin.

P: {Enquanto a professora terminava o | T: {While the teacher was ending the
esboco} Antonia (SD), aqui tens o gréfico. | sketch} Anténia (SD), here you have the

18 | Podes chamar de hyperbole. N&o passa | graph. You can call it a hyperbole. It
pela origem como disse 0 Jodo (SE). | doesn’t pass through the origin as Jodo 0
Agora podem copiar para 0s Vvossos | said (SE). Now you can copy down in
cadernos. yours exercise books.

After the students copied the tasks the teacher resumed the lesson.

19

P: Agora escrevam as conclusdes. Entre
duas grandezas ha proporcionalidade
inversa se aumentando ou diminuindo os
valores de uma das grandezas K vezes a
outra grandeza diminui ou aumenta a
mesma quantidade. A constante de
proporcionalidade é o produto dos valores
correspondentes das duas grandezas. O
grafico é uma curva (hipérbole).

T: Now write the conclusions. Between
two dimensions there is an inverse
proportionality if increasing or decreasing
the value of one of the magnitudes K
times, the other magnitude decreases or
increases the same quantity. The constant
of proportionality is the product of the
correspondent values of the two measures.
The graph is a curve (hyperbole).

Analysis of phase four
The teacher recruited everyday life settings, the speed of vehicles, which in this case appeared
as public domain text. But from the teacher’s perspective, she used the expressive domain text
to enter the students into the esoteric domain. She did not use this supposedly familiar situation
to engage the students in a reasoning process. Differently from the approach to direct
proportionality, the teacher herself, after one contribution of the student C (turn 4), extracted
from the picture the mathematical conclusions and then drew the corresponding table on the
board. The teacher controlled the pace and continued delivering the knowledge in the esoteric
domain, establishing a strong boundary between the school and the everyday knowledge. The
mathematical gaze became obvious as the framing over the criteria became strong, even if the
teacher did not always express this (e.g. you “can” call it a hyperbole, turn 18).
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Afterwards, she asked how to calculate the constant and as the students maintained silent
(turn 7), she wrote the products of the corresponding sizes on the board and asked what could
be said about those products. The students could not produce the expected text. Then the
teacher herself drew the conclusions about the constant of proportionality, without explaining
its meaning in the given context. What is referred to as “conclusion” (turn 19) is an esoteric
text with reference to general “magnitudes”.

Close to the end of this episode two students (Antdnia and Jodo) seemed to be engaged in
the task, in turn 16 and 17 they remarked that the graph was not a straight line and did not pass
through the origin. However, the teacher neither stimulated the discussion nor showed she had
heard the students’ speculation about how the graph looked like. She continued drawing the
graph on the blackboard and only when finished she turned to those students and exhibited the
graph stressing what the students had observed about the graph:

Anténia (SD), aqui tens o grafico. Podes | Anténia (SD), here you have the graph. You
chamar de hyperbole. N&o é uma recta e ndo | can call it a hyperbole. It is not a line and
passa pela origem como disse o0 Jodo (SE). | doesn’t pass through the origin as Jodo said
Agora podem copiar para 0s vossos cadernos. | (SE). Now you can copy down in yours
exercise books.

Altogether, the teacher decided who participates and when, and what could be included in the
discourse, characteristics of the power on teacher’s hand. The discourse was strongly framed in
regards to selection, the sequencing, pace and the social base of the communication. Also
strong framing of the hierarchical rules were visible in the lesson.

The task the teacher chose to introduce the inverse proportionality to recruit an alleged
daily life situation, as the syllabus suggests. Also the homework task is vaguely related to an
everyday or professional activity through using the abbreviations CD and MT. This is the only
aspect by which the task could be identified as descriptive domain text as the rest is esoteric
domain text. No conclusions for the activity of buying and selling CDs are to be drawn (Figure
10 next page).
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1. The table presents two direct
proportional magnitudes.

1. A tabela apresenta duas grandezas
proporcionais.

NUmero de CDs | Prego (Mt) Number of CDs | Price (Mt)
2 150 2 150
5 a 5 a
b 750 b 750
7 525 7 525

a) Calculate the constant of
proportionality.
b) Determine the values of a and b.
2. Na tabela estdo representadas duas 2. In the table there are represented two
grandezas proporcionais. proportional magnitudes.
A 9 45 b 3 A 9 45 b 3
B 20 a 36 60 B 20 a 36 60
a) Calcula a constante de a) Calculate the constant of
proporcionalidade. proportionality.
b) Determine os valores de a e b. b) Determine the values of a and b.
c) Esboce o gréfico. ¢) Sketch the graph.

a) Calcula a constante de
proporcionalidade.
b) Determine os valores de a e b.

Figure 10: Homework tasks from “Matemética 8* Classe” (p. 88)

5.3.5.2 Lesson 2

The teacher plan for this lesson was to revise the topic proportionality. She wrote at beginning
of the lesson the “Sumario” on the board:

Consolidacdo da matéria. Proporcionalidade Consolidation of knowledge about direct and
directa e inversa. inverse proportionality.

5.3.5.2.1 Phase one: Correction of the home work
The teacher started correcting the homework. The following interaction took place:

Episode 23: Why Antdnia did not get a hyperbole

P: Vamos comecgar por corrigir o TPC.
Exercicio um alinea a. Qual é a constante
de proporcionalidade?

T: Let’s start correcting the homework. In
the first task item a. What is the constant
of proportionality?

Al: Setenta e cinco

Ch: Seventy five.
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3 | P: Setenta e cinco meticais. Quais séo os | T: Seventy five meticais. What are the A
valores de A e B? and B values?

4 | Al: Trezentos e setenta e cinco e dez. Ch: Three hundred seventy five and ten.
SP: Meticais e CDs. SP: Meticais and CDs.
P: Sim trezentos e setenta e cinco meticais | T: Yes three hundred seventy five meticais

6 | & dez CDs. No Segundo exercicio qual é a | and ten CDs. In the second task what is the
constante de proporcionalidade? constant of proportionality?

7 | Al Cento e oitenta. Ch: Hundred eighty.

8 | SR: Cento e oitenta qué? SR: Hundred eighty what?

o1 [
P: Quem pode responder? Aqui € | T: Who can answer? Here is just hundred

10| simplesmente cento e oitenta porque ndo | eighty because there were not given the
foram dadas unidades. Quais sdo o0s | units. What are the A and B values?
valores de A e B?

11| Al: Quatro e cinco. Ch: Four and five.

12| P: Como € que fica o grafico? Vocés néo | T: How does the graph look like? You did

fizeram o TPC.

not t do the homework.

Some students waved the hand sketching a hyperbole on the air.

13

P: Sim eu vi alguns a gesticular. Antonia
faz o grafico no quadro.

T: Yes, | saw some of you gesticulating.
Antonia sketch the graph on the
blackboard please.

Ant

Onia marked the points using different increm

down the colleagues reacted.

ents in the scale and when she wanted to sit

14| Gina: Une os pontos. Gina: Connect the points.
15| Anténia: hum! Anténia: hum!
16| Rui: Tens que unir os pontos. Rui: You have to link the points.

17

Antonia: Mas isto ndo € uma linha recta.

Antonia: But it is not a straight line.

18

Aline: Os segmentos.

Aline: The segments.

Ant

graphs sketched by the students.

Onia linked the points using a ruler. Meanwhile, the teacher went around observing some

19

P: A escala, lembrem-se do que eu disse

T: The scale, remember what | have said

acerca da escala. Devem marcar

about the scale. You have to mark
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correctamente os pontos. A linha é como
esta {mostrando o caderno da Gina}.
Temos um curva que chamamos de
hyperbole. Quem nédo marcar
correctamente a escala ndo vai obter uma
hyperbole. Aline viste porque é que o teu
grafico ndo se parece com uma hyperbole,
o teu também Antonia. A escala. A curva é
uma hypérbole porque as grandezas s&o
inversamente proporcionais. Marta porque
€ que as grandezas sdo inversamente

correctly the points. The line is like this
{showing Gina’s exercise book}. We
have a curve that we call hyperbole. The
one who does not mark correctly the scale
will not get a hyperbole. Aline, did you
see why your graph does not look like a
hyperbole, the same as yours Anténia.
The scale. The curve is a hyperbole
because the quantities are in inverse
proportion. Marta why are the quantities
inverse proportional?

proporcionais?

Marta: {lendo do seu caderno de
20| exercicios} Porque quando o X duplica
triplica quadruplica, etc 0 Y é dividido por
dois trés quatro, etc

Marta: {reading from her exercise book}
Because when the X quantities doubled,
tripled, quadrupled, etc the Y quantities
are divided by two, three, four, etc.

21| P: Ou o produto das grandezas

correspondentes é constante.

T: Or the product of the correspondent
quantities is constant.

Analysis of phase one

The teacher was concerned with the rigor of the mathematics language asking for the units in
the tasks about CDs (3, 6 and 8). And two students picked this up (SP, turn 5 and SR, turn 8)
for the Meticais and CDs, and the constant, respectively, and indeed SR got feedback (turn 10),
where the teacher stressed that the answer would be an abstract quantity because the data had
no units. In addition, she required accuracy in the scale when the students drew the Cartesian
system (19). In doing so, the mathematics has been insulated from the everyday, and the
criteria are made explicit suggesting a strong classification regards to the content constituted as
esoteric text, and strong framing over the evaluation criteria.

However, in turnl4 till 18, there is a weakening of framing over the communication, when
some students involve themselves giving advice to the student at the board (Anténia), who
seem to have noticed she would not get what she had expected, a straight line. What could have
been the start of a discussion, stopped when the teacher turned her attention to Anténia and said
that the scale was not accurate and that would be the reason why she did not obtain a
hyperbole. The teacher did not refer to the students’ talk about “straight line” and “segments”.
The teacher kind of imposed her position on the students, characterizing a strongly framed
discourse in regards to the sequencing, pacing and selection. The teacher’s utterance in turn 12
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suggested the students did not know how the graph looked liked because they had not
accomplished their homework, a retreat to regulative discourse that shows strong framing over

the hierarchical rules.

Close to the end of the episode, Marta justified the existence of the inverse proportionality
recurring to the behaviour of the magnitudes (turn 20). But obviously she was expected to say
something else or more, because the teacher adds the fact about the constant product — again,
very strong framing over the criteria of what counts as legitimate text.

5.3.5.2.2 Phase two: Practicing the new knowledge

After the content transmission the teacher as usual wanted the students to practice what they

had learnt. She dictated the following tasks:

1. Jodo trabalha 8 horas por dia para construir
um muro em 6 dias e gasta 12 dias
trabalhando 4 horas por dia.

a) Quantas horas tem que trabalhar por dia
para 0 muro estar pronto em 3 dias?

b) Quanto tempo demorara a obra se ele
trabalhar 1 hora por dia?

¢) Quantos dias sdo necessarios se ele
trabalhar 2 horas por dia?

2. A Luisa depositou 600,00Mt num banco e
ao fim de um ano obteve 24,00Mt de juro.
Quanto obteria de juros se tivesse
depositado 800,00MT?

3. Para se encher um deposito, tem de se
utilizar 40 vezes um balde de 15 litros. Se o
balde fosse de 20 litros quantas vezes seria
necessario utiliza-lo?

1. Jodo works 8 hours per day to build a wall
in 6 days and spent 12 days working 4 hours
per day.

a) How many hours does he need to work per
day so that the wall is ready in 3 days?

b) How long does it take if he works one hour
per day?

¢) How many days will be necessary if he
works two hours a day?

2. Luisa deposited 600,00Mt in a bank and
after a year she got 24,00Mt of interest.
How much would the interest be if she had
deposited 800,00Mt?

3. To fill a tank one needs to use 40 times a
15-litre-bucket. If the bucket had 20 litres,
how many times would one need to use it to
fill the same tank?

Figure 11: Tasks 2 and 3 from “Matematica 8* Classe” (p.89)

The teacher gave the students some time to solve the tasks in their notebooks. Some of the
students solved the tasks in pairs, while others worked alone. After a while, the teacher called
for attention for doing the correction. She called volunteers to solve the task on the board.
Melina, Artur and Vasco went to the board. Vasco cleaned the board and “divided” the board
into three parts and each of them wrote the answers of the first task’s sub-questions.
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Melina copied from her exercise book the three first pairs of the following table and

calculated the constant of proportionality.

Hours 8 4 a 2

Days 6 12 3
a) yx=k 8x6=k k=48

Melina did not proceed further and then a classmate went to the board wrote:
8x6=ax3=a=48:3=a=16

Artur, on his side, wrote:

b) 8x6=48 b=48:1=48
Simultaneously, Vasco drew the following table and wrote the solution of item c)
2 2 hours
1 c days

c) 2x1=2xCc=>Cc=2:2=c=1

Then they went to their places as they had finished with the task. The teacher was going around
looking at the students’ work. Then she called for attention to discuss the solutions.

Episode 24: Interaction about the solution of the exercises

P: Aqui quem fez? {Melina levantou a
mao} Explica o que fizeste?

T: Here who did it? {Melina raises the
hand} Explain what did you do?

Melina: Os produtos sdo iguais.

Melina: The products are the same.

P: Sim o produto dos valores
correspondentes das grandezas sdo iguais
ou Y é igual a K sobre X que é 0 mesmo
que Y vezes X igual a K. A alinea seguinte
¢ mesma coisa. Ok o0 seguinte quem
escreveu isto?

T: Yes, the products of corresponding
values of the sizes are the same or Y is
equal to K divided by X that is the same as
Y times X equal K. The next item
{looking at Artur’s solution} is correct
too. It was solved in the same way. Ok the
next ((task)) who wrote this?

Al: Vasco

Ch: Vasco

P: Vasco explica o que fizeste, vem ao
quadro. Esté correcto?

T: Vasco, explain what you did. Come to
the board. Is it right?

Al: Ndoooo.

Ch: Noooo.

Vasco: Se ele trabalha duas horas por dia
quantos dias dura o trabalho?

Vasco: If he works two hours per day how
many days does the job last?

P: Han, no mesmo trabalho usaste uma
tabela ele trabalhou duas horas onde

T: Han, in the same job, you used a table.
He worked two hours a day, where do you
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colocas o dois?

put the two?

9 | Vasco: Na primeira linha. Vasco: In the first row.

10 | P: E os dias que ele gasta? T: And the days he spent?

11 1 [] []

12 | P: Sabes quantos dias ele trabalhou? T:. Do you know how many days he

worked?

13 | Vasco: Ndo. Vasco: No.

14 | P: E entdo? T: So, then?

15 | Ss: E a variavel. Ss: It is a variable.

16 | P: Han? T: Han?

17 | Marta: E C. Marta: It is C.

18 | P: Ok podemos escolher o C. Onde | T: Ok, we can choose C. where do we put
colocamos o C? the C?

19 | Vasco: Na segunda linha. Vasco: In the second line.

20 | P: onde esta a tabela que a Melina tinha ai | T: Where is the table Melina drew on the
no quadro? {olhando para o quadro} board? {looking at the board}

21 | Melina: Estd ali. {apontando para a | Melina: There it is. {pointing to the table}
tabela}

22 | P: Usa a tabela da Melina. Ok, continua. T: Use Melina’s table. Ok, go ahead

Vasco inserts a new column on the right side Melina’ table, above, adding the number 2 and the

lette

r c. Then he writes: 2c=48=c=48:2=c=24

23 | P: OK, esta correcto. Vamos agora resolver | T: Ok, it is right. Let us solve task two.
0 exercicio dois. Qual é a | What is the proportionality in the next
proporcionalidade no exercicio seguinte? task?

24 | Al: Directa. Ch: Direct.

25 | P: Porqué? T: Why?

26 | Marta: {Lendo do caderno} Porque | Marta: {Reading from her exercise book}

quando o X duplica triplica quadruplica,
etc 0 Y é dividido por dois trés quatro, etc.

Because when the X quantities doubled,
tripled, quadrupled, etc the Y quantities
are divided by two, three, four, etc.

As Marina starts reading the other students join her in chorus and continue the reading.

27

P: Ok, como é que podemos escrever?

T: Ok, how can we write?

28

Al: Uma tabela.

28 Ch: A table.
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29 | P: Sim que proporgao vamos escrever? T: Yes. Which proportion do we write?
30 | [] Ll
31 | P: Seiscentos sobre (...) {escrevendo no | T: Six hundred divided by (...){writing on
600
quadro —} the board @}

32

Al: vinte e quatro é igual a oitocentos
sobre A.

Ch: Twenty four is equal eight hundred
divided by A.

33 | P: Como é que se 1é? {continuando a | T: How do we read it? {continues writing
escrever 220 _ 800 00 _ @}
24 a 24 a
34 | Al: Sobre A. Ch: Divided by A.
35 | P: Como lemos este sinal? {apontando | T: How do we read this sign? {pointing at

para o traco de fraccdo}

the fraction sign}

36

Al: Sobre.

Ch: Divided by.

37

P: Seiscentos vezes A igual a oitocentos
vezes nove entdo A € igual a sete mil e
duzentos sobre seiscentos que da trinta e
dois {escrevendo no quadro
600a =800-9 = a=19200:600=32}

T: Six hundred times A is equal eight
hundred times nine it means A is seven
thousand and two hundreds divided by six
hundred that is thirty two { on the board
600a =800-9=a=19200:600=32}

The bell rings.

38

P: Ok, antes de sairmos que
proporcionalidade se verifica no terceiro
execicio?

T: Ok, before we leave, what
proportionality is verified in the third task?

39 | Al: Directa. Ch: Direct

40 | P: Directa? T: Direct?

41 | Sos: Inversa. Sos: Inverse.

42 | P: Porqué? T: Why?

43 | [] [

44 | P: Se o balde for maior (...) T: If the bucket is bigger (...)

45

Al: Usa-se menos vezes.

Ch: It is used less often.

46

P: Sim proporcionalidade inversa quando
a capacidade do balde aumenta precisamos
de usar menos vezes o balde para encher o
deposito.

T: Yes, inverse proportionality. When the
capacity of the bucket increases we need
to use less often the bucket to fill the tank.
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Analysis of phase two

The tasks are public domain texts with the typical features of language unusual in everyday
situations. When three volunteers were at the board to solve the tasks, the teacher asked for
explanation in turn 1 and 5, and thus seemed to want to include the students’ reasoning as the
curriculum proposes. But she rather asked to “explain what” they did, in contrast to “why”,
even though the student asked seemed to recognise what is expected. As in turn 2 Melina
justified with “The products are the same” in an incomplete sentence, and the teacher
completed the sentence to a complex mathematical esoteric domain statement. The criteria for
legitimate text became strongly framed.

Vasco had difficulties to solve the task on the board. Then the teacher guided him to the
solution through a step by step technique. Despite the strongly framed sequencing, the framing
of the communication got less strong when some students in turn 15 brought to the discussion
the term variable, and in turn 17 Marta proposed to use the variable C, which the teacher
accepted in turn 18. In turn 5, 8 and 10 the teacher had attempted to involve Vasco into a
potential reasoning aiming at finding the procedure to get the missing value. However, the
evaluative statement of the chorus in turn 6 restricted Vasco’s apparent choice of criteria for
how to answer. Throughout the discussion some students were involving themselves in the
interaction with their contributions. This event closed with Vasco stating that the two is in the
second row. The discourse was strongly framed over the pace but apparently weakly in relation
to regulative discourse. Through the teacher’s suggestion that Vasco could use Melina’s table,
she implicitly valued this table as a legitimate text, strongly framing the criteria, but apparently
weakening the boundary between teacher and students.

From turn 27 to 29 it can be seen how the teacher ignored the students’ opinion to build a
table, although she responded affirmatively to the students’ contribution as legitimate text in
turn 29. This may of course have confused the students when she soon thereafter asked about
the proportion she should write (29), making use of the strong power relation in this event.
Notably, in turn 29 the teacher brought up a new notion, the proportion, and in turn 37 a new
notation and technique, writing the cross products, without any explicit reference to them. The
textbook “Matematica 8a Classe” used by this teacher, these concepts were as well introduced
in the resolution of the exercises. The students were perhaps supposed to remember this from
grade 7. The tasks were strongly framed in relation to the selection of criteria to solve them and
the framing of the interaction in terms of sequencing and pace was also strong.

As to the classification of content and expression, after moving from public to esoteric
domain, at the end Cida came back to the everyday and produced expressive domain text by
talking about the buckets. Before (in the other examples) she did not seem to try to re-connect
to the everyday situations she had recruited as an introduction.
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5.3.5.2.3 Phase three:

Episode 25: Teacher information

T: Ok, quero lembrar-vos que amanhd a
nossa turma tem a responsabilidade de
cantar o hino nacional. Viram por estes
dias estudantes com material de limpeza.
Eles ndo foram ao saldo cantar o hino.
Como punigdo eles tém que limpar o patio,
0 que ndo é mau, mas cada coisa ao seu
momento. E temos um teste amanha. E
bom chegarem pontualmente as 12.15h
para cantar o hino de modo a todos
fazerem o teste. Ou preferem ficar fora a

T: Ok, | want to remember you that
tomorrow our class is in charge to sing the
national hymn. You had seen these days
students with clean material. They had not
gone to the saloon to sing the hymn. As
punishment they had to clean the
playground, which is not bad, but each
thing in its moment. And, we have a test
tomorrow. It is good to arrive on time, on
12.15 o’ clock, to sing the hymn so that
everyone can do the test. Or you prefer to

limpar o patio em vez de fazer o teste? stay outside cleaning the playground

instead of writing the test?

2 | Ch: Ndooooo. Ch: Nooooo.

T: Eu também estarei 1a por favor sejam | T: I will be there too. Please be on time.

pontuais.

Analysis of phase three

The lesson closure was made after the teacher gave the information about the students’
responsibility to sing the hymn the day after and advised them not to miss the activity because
the consequences will be not to write the mathematics test and cleaning the playground during
the whole weak. This is an explicit regulative discourse, which shows the strong classification
between teachers and headmasters on the one side, and students on the other. The impact of the
control over the hierarchical relations between the school and the students was at the end of the
teacher talk amenized by the statement that she would also be there and through the mode she
requested punctuality (“Please be on time”). In all Mozambican public schools the students
sing the national hymn before each period of Classes (morning, from 7 to 13, or afternoon,
from 13 to 18). Two of the selected schools proceeded differently. In one, all students for that
period sing the hymn in the playground, whereas in the other there is a schedule and each class
is responsibe for singing the hymn in the gymnasium at different days.
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5.3.6 Teacher Mario’s Practice

The teacher works in an urban school in Quelimane. He has 45 students, of whom 26 are
female and 19 male. All the students had seats, the desks were in rows with the teacher desk in
the front and there was sufficient room for the teacher and students to move around in the
classroom.

5.3.6.1 Lesson 1

As usual the teacher wrote on the board the “Sumario”:

Angulos na circunferéncia. Angle at the circumference

The teacher read the “Sumario” aloud and announced that the lesson plan will be the angles at
the circumference, particularly the central angle. Afterwards, he wrote the subtitle “Angulo
central da circunferéncia” (central angle) and introduced the topic in interaction with the
students as reported in the Episode below.

Episode 26: The central angle

P:  Vamos falar de éangulos na
circunferéncia em particular o &ngulo
central de uma circunferéncia. J& estd
meninos lembram-se do que falamos na
aula passada ndo é? Falamos de qué?

T: We are going to speak about angles at
the circumference, in particular the central
angle at the circumference. Are you ready
boys {referring to writing the “Sumario”
and the subtitle in their notebooks} do you
remember what did we speak about in the
last lesson don’t you? What did we speak
about?

circunferéncia, é um conjunto de pontos
situados a mesma distdncia de um ponto
chamado (...)

Al:  Sim da circunferéncia e seus | Ch: Yes. The circumference and its
elementos. elements.
P: No6s sabemos o oque € uma | T:We know what a circumference is; it is

a set of points lain at the same distance
from a point called (...).

Al: Centro.

Ch: Center.

P: Centro da circunferéncia.

T: Center of the circumference.

P: E depois fomos falar também de
circulo. O que é um circulo? E um
conjunto de (...).

T: Then we talked also about the circle.
What is a circle? Is a set (...).
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Al: De pontos situados no interior da

Ch: Of points lied inside the

! circunferéncia. circumference.
P: Depois falamos também dos elementos | T: Then we spoke about the elements of a
8 | de uma circunferéncia. Quais sdo os | circumference as well. What are the
elementos de uma circunferéncia? elements of a circumference?
9 | SA: corda diametro angulo e raio. SA: Chord, diameter, angle and radius.

After Student A starts enumerating the elements the other students join him and enumerate in
chorus the remaining elements.

10

P: Corda, diametro angulo e raio.

T: Chord diameter angle and radius.

The teacher repeats the elements while drawing on the board a circumference using a
protractor.

P: Temos uma circunferéncia que é um
conjunto de pontos constituidos a mesma
distancia de um ponto o ponto ¢ este entdo
0 ponto temos aqui este é que é o centro.
Depois dissemos que o circulo é o

T: We have a circumference that is a set of
points constituted at the same distance of a
point, the point is this so the point we have
here this is the center. Then we said the
circle is the set of all points constituted

11 | conjunto de todos os pontos constituidos | here in the circumference then is on the
aqui na circunferéncia entdo é na base de | basis of one circumference where we have
uma circunferéncia onde no6s temos o | the circle. One of the elements we talked
circulo. Um dos elementos de que falamos | about was the radius. | do not know if you
foi o raio. Nao sei se se recordam do que é | remember what a radius is? What is a
0 raio? O gue € um raio meninos? radius boys?

12 | SB: E qualquer (...) SB: Isany (...)

13 | P: Qualquer (...) T: Any (...)

1 Al: Qualquer segmento que une o centro e | Ch: Any segment that linked the center to
um ponto da circunferéncia. a point at the circumference.

P: Entdo vamos considerar um dos pontos | T: So we are going to consider one of the
eh presta atencdo menino. Eu ndo disse | points eh pay attention boy. | did not say
para passar eu disse para prestar atencdo | to copy | said to pay attention so we have
entdo temos aqui uma circunferéncia entdo | here a circumference then we are going to
15 | vamos considerar um dos pontos da | consider one of the points of the

circunferéncia por exemplo este e este
ponto vamos unir com o centro da
circunferéncia e assim obtemos aquilo que
chamamos de (...).

circumference for instance this one and we
are going to link it with the center of the
circumference and so we get what we call

(..).
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16

Al: Raio.

Ch: Radius.

P: Raio da circunferéncia que une um dos
pontos da circunferéncia com o centro.
Entéo este raio nds podemaos fazer aqui um
prolongamento do raio e vamos considerar
mais um outro raio da circunferéncia para
tal vamos considerar um dos pontos da
circunferéncia por exemplo este os pontos
estdo todos aqui na circunferéncia entéo a
partir deste ponto vamos tracar outro raio
e fazemos também um prolongamento e se
vocés forem a ver entre este raio e este

T: Radius of the circumference that links
one of the points of the circumference
with the center. Then this radius we can
we can do here an extension of the radius
and we are going to consider yet another
radius of the circumference for this let us
consider one of the points of the
circumference for instance this {indicating
a point at the circumference in Figure 12}
all points are here at the circumference
then from this point we draw another

17 | raio nds podemos encontrar uma coisa que | radius and we do an extension as well and
n6s conhecemos. Como € que vocés | if you are going to see between this radius
chamam a isto? and this radius we can find one thing we

know. How do you call this?
Figure 12: The central angle drawing on the board

18 | Al: Angulo. Ch: Angle

19 P: E um angulo entdo este angulo esta | T: It is an angle then this angle is inside
dentro da circunferéncia ndo e? the circumference is not it?

20 | Al: Sim. Ch: Yes.

P: Este angulo tem o vértice que € este | T: This angle has the vertex that is this
ponto e o vértice deste angulo estd no | point and the vertx of this angle stands at
centro da circunferéncia entdo a este | the center of the circumference then this

21 | angulo nés podemos denominar por | angle we can denominate central angle. So

angulo ao centro ou angulo central. Enttdo
dizemos angulo central de uma
circunferéncia. Neste angulo ao centro que

we say the central angle of a
circumference. In this central angle we can
see here its sides belong to the radius of
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n6s podemos ver aqui os seus lados fazem
parte do raio da circunferéncia aqui temos
este raio que claro podemos prolongar e
aqui este aqui vamos considerar como 0
ponto A e aqui o ponto (...).

the circumference here we have this radius
that obvious we can extend it and here this
here we are going to consider as the point
A and here the point (...).

22

Al: B

Ch:B

23

P: Entdo a sua designacdo como angulo
temos angulo AOB. Este angulo AOB ¢
um angulo ao centro porque tem [ ] o
vértice (...).

T: So its designation as an angle we have
the angle AOB. This angle AOB is a
central angle because it has [ ] the vertex

(..).

24

S B: No centro.

S B: At the center.

25

P: O vértice esta situado aonde?

T: Where is lied the vertex?

26

Al: No centro da circunferéncia.

Ch: At the center of the circumference.

27

P: E por outro lado vamos considerar mais
um angulo nesta circunferéncia que temos
aqui vamos considerar também um outro
angulo este é o centro e aqui temos
angulos ao centro. Temos o angulo AOB e
0 angulo COD entdo vamos considerar que
estes angulos sdo iguais. Se o angulo AOB
e 0 angulo COD sdo iguais significa que a
medida destes arcos sdo iguais isto €
quando se sobrepde estes dois angulos os
arcos coincidem. O mesmo se passa com
as cordas, elas coincidem.

T: And on the other side we are going to
consider yet another angle in this circum-
ference that we have here let us consider
another angle as well this is the center and
here we have central angles {drawing the
angle COD}. We have {in Figure 13} the
angle AOB and the angle COD then let us
consider that these angles are equal. If the
angle AOB and the angle COD are equal it
means that the measures of these arcs are
the same it means when we overlap the
angles the arcs coincide. The same happen
with the chords, they coincide.

Figure 13: Two equal central angle from “Saber Matematica” (p. 107)
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Afterwards the teacher dictated the notes about what he was explaining before.

28

P: Propriedade 1: Numa circunferéncia ou
em circunferéncias iguais, a angulos ao
centro iguais correspondem arcos iguais.
Propriedade 2: Numa circunferéncia a
angulos ao centro iguais correspondem
cordas iguais e vice-versa. Ja estd? Agora
escrevam 0s exercicios. Considere na
circunferéncia a seguir o angulo AOB. a)
Como se chama o angulo AOB. b) Indica
0 arco associado ao angulo AOB. ¢) Traga

T: Propriety 1: In a circumference or in
equal circumferences to equal central
angles correspond equal arcs. Propriety 2:
In a circumference to equal central angles
correspond equal chords and vice-versa.
Are you ready? Now write the exercises.
Consider in the following circumference
the angle AOB. a) How is called the angle
AOB? b) Point the arc associated with the
angle AOB. c¢) Draw the chord associated

uma corda associada ao angulo AOB. with the angle AOB.

Figure 14: Central angle in a task about central angles from “Saber Matematica” (p. 107)

The bell rang and the teacher advised the students to solve the task as home work.

5.3.6.1.1 Analysis of lesson 1

The teacher started with a revision of the content of the previous lesson followed by the
delivery of the new content, in interaction with the students. In this interaction the legitimate
text was made explicit by the teacher as he completed the students’ answers in relation to the
mathematics concepts such as centre of a circumference (5), radius of a circumference (17) or
pushed them to use complete statements through questions as for instance when he got the
incomplete answer about the vertex at the centre from one student and he repeated the question
to the class (25). The students answered in chorus that the vertex was at the centre of the
circumference (26). The students recognized the context and gave the teacher expected answer
showing that they were beginning to appropriate the mathematical discourse and possessed the
recognition and the realization rules. At the same time the criteria was made explicit strengthen
the framing over the evaluation.
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From the beginning up to the end of the lesson the teacher was concerned with the use of
the mathematics discourse. Thereby, the episode is described as strongly classified.

The selected instructional discourse strong classified, insulated from the everyday
knowledge and other mathematics topics and the strong framed relationships between the
agents had not the potential to engage the students in reasoning.

The Syllabus propones the work group as a mode of interaction to explore through
measuring the relation between the central angles and its corresponding arc in different given
circles. The teacher followed closely the “Saber Matemética”. In this textbooks are missed
activities that have potential to engage students in reasoning, through measuring of angles and
arcs and the drawing of conclusions. In addition, one can not find any demonstration related to
the central angle and its chords and arcs or the inscribed angle, as the Syllabus requires. Due to
the lack of recognition or realization rules in the interpretation of the Syllabus the teacher and
the textbook’ s approach to this issue did not take into account the suggestions made.

5.3.6.2 Lesson 2
The plan of the lesson was written on the blackboard by the teacher at the beginning.

“Sumario”:

Angulo inscrito na circunférencia Inscribed angle of a circumference

5.3.6.2.1 Phase one: Correction of the home work

The teacher started the lesson correcting the homework asking the students the answers to the
given questions. The dialogue above reports this step of the lesson.

Episode 27: Interaction about the homework

P: Entdo temos ai o trabalho de casa a | T: Then we have there the homework {he

primeira questdo era quem respondeu a
primeira questdo qual era a primeira
questao? Como se chama o angulo (...)

drew the circumference and the angle}.
The first question was who did answer the
first question? What wasthe first question?
How is called the angle (...)

Some students raised the hands up while he was go

calling individualized attention here and there.

ing around looking at the students’ work

2 | Al: Oéngulo AOB. Ch: The angle AOB.

3 | P: Quem pode responder a essa pergunta? | T: Who can answer to this question?

4 SF: O angulo AOB chama-se angulo ao | SF: The angle AOB is called angle at the
centro. center.

5 | P: Portanto o dngulo AOB chama-se (...). | T: So the angle AOB is called (...)
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6 | Al: Angulo central ou ao centro. Ch: Central angle or angle at the center.
7 | P: Alinea B como é que era? T: Item B how was it?
8 Al: Indique o arco correspondente a este | Ch: Indicate the arc corresponding to this
angulo ao centro? angle at the center?
9 P: Um voluntéario para responder é o arco | T: A volunteer to to answer is the arc (...).
(...).
10 | Al: AB Ch: AB
P: Portanto como é que podemos | T: Thus how can we answer {writing on
1 responder arco AB. O angulo é ZAOB e 0 | the board} arc AB. The angle is £AOBand
arco é AOB que é o angulo como € que se | the arc is AOB that is the angle how is
chama este angulo? called this angle?
12 | Al: Central ou ao centro. Ch: Central or at the center.
P: O arco correspondente a este angulo é | T: The arc corresponding to this angle is
13 | este ndo é? Entdo é o arco BC. Depois | this is not it? So is the arc BC. Then we
temos a alinea C que era para tracar o qué? | have the item C that was to draw what?
14 | Al: Uma corda. Ch: A chord.
15 P: Uma corda associado a este angulo ndo | T: A chord associated with this angle is
é? not it?
16 | Al: Sim. Ch: Yes.
P: Temos aqui o arco AB ocorrespondente | T: We have the arc AB corresponding to
17 a}o angulo AOB agora uma corda o que é? | the angle AOB now a chord what is it?
E um segmento que une dois pontos de | ((It)) is a segment that links two points of
uma (...). a(...).
18 | Al: Circunferéncia. Ch: Circumference.
P: Da circunferéncia entdo aqui n6s temos | T: Of the circumference then here we have
uma corda que une portanto ou associada a | a chord that links thus or associated with
19 | este angulo como é que vai ficar? Vamos | this angle how is it going to be? Let us
considerar que este ponto é este ponto o | consider that this point is this point the
ponto A e o ponto (...) point A and the point (...)
20 | AlLB Ch:B
P: Que tal se nds unirmos estes dois | T: What about if we connect these two
21 | pontos o que é que ha-de acontecer? | points what is going to happen? We said
Dissemos que uma corda € (...). that a chord is (...).
22 | SF: Um segmento. SF: A segment.
23 | P: Um segmento ndo ¢? Que une (...). T: A segment is not it? That links (...)
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24 | Al: Dois pontos da circunferéncia. Ch: Two points of the circumference.

25 P: Da circunferéncia que séo o ponto Ae o | T: Of the circumference that is the points
ponto B entdo o que € que vamos fazer? A and B then what are we going to do?

26 | SF: Unir(...) SF: Link (...)

27 | P: E dai o que é que vai surgir? T: So what will appear?

28 | SF: Uma corda. SF: A chord.

29 | P: Entdo vai la fazer isso no quadro. T: So go ((and)) do it on the board.

The student drew the angle on the board using a triangle ruler.
P: Este é o angulo AOB o segmento de | T: This is the angle AOB the line segment
recta que une dois pontos da | that connects two points of the

30 | circunferéncia entdo nds unimos tragamos | circumference so we link we draw the line
uma linha do ponto A para o ponto B. O | from point A to point B. What emerges
que é que surge o que € esta linha? what is this line?

31 | Al: Uma corda. Ch: A chord.
P: Portanto a corda associada ao angulo | T: Thus the chord associated with the

3 AOB ¢ a que une o ponto A com o ponto | angle AOB is the one that links the point

B. Quem ja fez esta tltima alinea? A with the point B: Who has already done

this last item?

Analysis of phase one
The tasks were presented by the teacher with the help of the students. The first and second
items were answered orally by the students.

The teacher introduced the mathematical symbol of the arc of a circumference AB, making
the distinction between it and the angle symbol ~AOB (11), offering the students the
opportunity to learn how to produce a legitimate text in that context. At the same time the
framing over the criteria for evaluation was strengthened. The teacher continued paying
attention to students’ talk ensuring that they formulated complete sentences related to the
concepts they were learning (15 and 32).

The last item served to review the content of the previous lesson before a student was sent
to the bord to draw a chord. The teacher strongly framed the interaction controlling the
selection, the pacing, the timing and the selection of the communication.

Here as in the previous episode the content was circulated through a mathematical
discourse with strong boundaries with the everyday language, that is, as esoteric domain text.
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5.3.6.2.2 Phase two: Inscribed angle

The next episode displays how the lesson unfolded in an interaction about the topic of the
inscribed angle.

Episode 28: The inscribed angle

P: Terminada a correc¢do do trabalho de
casa agora vamos ver o que é angulo

T: After the correction of the home work
now we are going to see what an inscribed

1 | inscrito na circunferéncia. Meninos | angle in the circumference is. Boys pay
prestem atencdo por favor. Ok aqui temos | attention please. Ok here we have a what
uma o que € isto aqui? is this here?

2 | Al: Circunferéncia. Ch: Circumference.

P: Daqui vamos considerar vamos pdr um | T: From here we are going to consider we
ponto aqui e um ponto da circunferéncia | are going to put a point here and a point of

3 | ndo é vamos pdr outro ponto aqui este é o | a circumference is not it we are going to
ponto A este é o0 ponto B e este € 0 ponto | put another point here this is point A this
(...). is point B and this is point (...).

4| Al: C Ch:C

5 P: Vamos unir o ponto A com o ponto | T: Let us link point A to point (...)
(...){apontando para o ponto C} {pointing the point C}

6| A:C Ch:C
P: Como é que vamos chamar este | T: How are we going to call this segment
segmento que une estes dois pontos da | that links these two points of the
circunferéncia? circumference?

7

G
B
Figure 15: The inscribed angle drawing on the board by the teacher

8 | Al: Uma corda. Ch: A chord.

9 P: E por outro lado vamos unir o ponto B | T: On the other hand we are going to link
com o ponto (...). point B to point (...).

10 | Al: C Ch:C
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P: Aqui unimos também como é que

T: Here we also connect how can we call

11 | podemos chamar a esta outra também € | this otheris alsoa (...).
uma (...).

12 | Al: Corda. Ch: Chord.
P: E outra coisa ainda falta o que é que vos | T: And another thing still misses what

13 | parece esta regido que esta entre as duas | seems to be this region that is between two
cordas o que é que vos parece? chords what does it seem?

14 | Al: Um angulo. Ch: An angle.

15 P: um angulo ndo é? Entdo este angulo tem | T: An angle is not it? So this angle has the
o vértice sobre a (...). vertex at the (...).

16 | Al:/[Circunferéncia./ Ch: /ICircumference.//
P:  /[Circunferéncia// ndo é? Entdo este | T: //circumference// is not it? Then this
angulo é que podemos denominar por | angle is we can denominate as inscribed
angulo inscrito na circunferéncia € um | angle in the circumference ((it)) is an

17 | &ngulo inscrito na circunferéncia entdo o | inscribed angle in the circumference so
que é um angulo inscrito na | what is an inscribed angle in the
circunferéncia? E aquele que tem o vértice | circumference? It is the one that has the
sobre a (...). vertex at the (...).

18 | Al: Circunferéncia. Ch: Circumference.
P: E que os seus lados representam uma os | T: And that its sides represent a the sides

19 | lados deste angulo o que é que | of thisangle what do represent?
representam?

20 | Al: Corda. Ch: Chord.

21 | P:da(...). T: Of (...).

22 | Al Circunferéncia. Ch: Circumference.
P: Vamos la ver o que é um angulo | T: Let us see what is an inscribed angle in

23 | inscrito na circunferéncia é aquele que tem | the circumference it is the one that has the
o vértice na (...). vertex at the (...).

24 | Al Circunferéncia. Ch: Circumference.

25 | P: E cujos seus lados representam (...). T: And which sides represent (...).

26 | Al: Cordas da circunferéncia. Ch: Chords of the circumference.

27 | P:alguma duvida aqui? T: Any doubt here?

28 | Al: Ndo Ch: No
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Analysis of phase two

The interaction continued being located in the esoteric domain, where the talk is characterized
by the correctness of the use of mathematical language (20 to 22), that seemed to be sometimes
used by the students (26) who started to appropriate the mathematical language of the
classroom accepted discourse. Concerning to the selection and the sequencing of the content
the teacher had its control and decided when to move from one concept to the other
strenghening the framing.

The students seemed to behave well and the regulative rules are implicit, as there is an
absence of explicit discourse to maintain the order in the classroom except in (1) the teacher
asked explicitly the students to be quiet.

Afterwards the relation between the measures of a central and an inscribed angle was
tackled and the above interaction was registered.

5.3.6.2.3 Phase three: The measure of an inscribed angle

Episode 29: Relation between the inscribed and the central angle

P: Na aula passada falamos de angulo ao
centro ndo é€? Estou a falar da aula passada
ndo esta. SO para ter uma ideia temos aqui
uma circunferéncia e aqui o angulo central
AOB. Lembram-se que dissemos que a
medida do angulo central AOB ¢ igual a
medida do arco correspondente que é o
arco AB. Significa a medida deste se a
medida aqui for trinta graus significa que a
medida ou amplitude deste arco também é
de trinta graus e vice-versa se este arco é
de sessenta graus o0 seu angulo
correspondente seria de (...).

T: In the previous lesson we spoke about
angle at the center is not it? {noting the
astonished faces of the students} I am
saying in the last lesson not this. Only you
to have an idea we have here a
circumference and here the central angle
AOB {drawing on the board the
circumference and the angle AOB}. Do
you remember we said that the measure of
the central angle is the same as the
measure of the corresponding arc that is
the arc AB. That means the measure of
this {pointing the central angle} if the
measure here is thirty degrees it means
that the measure or the amplitude of this
arc is also of thirty degree and vice-versa
if this arc is of sixteen degree its
corresponding angle would be (...).

Al: Sessenta graus.

Ch: Sixteen degree.

P: Aqui € um caso contrario a medida
deste angulo serd a metade do seu arco

T: Here is an opposite case the measure of
this angle will be a half of its
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correspondente estdo a perceber?

corresponding arc. Do you understand?

4 | Al:Sim. Ch: Yes.
P: A metade do seu arco correspondente | T: The half of the corresponding arc so the
entdo a medida deste angulo ndo pode ser | measure of this angle {pointing the
a medida do arco correspondente é a | inscribed angle he already drew on the
metade se este tem um valor X entdo aqui | board} cannot be the measure of the
é o dobro do seu angulo correspondente. | corresponding arc ((it)) is the half if this
5 | Tou a falar do angulo ACB héa-de ser igual | {pointing the inscribed angle} has a value
a metade do seu arco correspondente. Qual | X then here {pointing the arc} is twice of
€ 0 Seu arco correspondente? his corresponding angle. I’ m speaking
about the angle ACB it will be equal to a
half of its corresponding arc. What is its
corresponding arc?
6 | Al: CA Ch: CA
P: CA ou AC hé-de ser o dobro do seu | T: CA or AC will be twice its
angulo correspondente. Entdo se este | corresponding angle. Then if this angle is
7 | angulo for igual a quarenta e cinco graus | equal to forty five degrees for instance
por exemplo qual serd a medida do seu | what will be the mearure of its
angulo correspondente? corresponding angle?
8 | Al: Noventa graus. Ch: Ninety degrees.
P: E vice-versa se este arco for de cem | T: And vice-versa if this arc be of hundred
9 | graus qual sera a medida do angulo? degrees what will be te measure of the
angle?
10 | Al: Cinquenta graus. Ch: Fifty degrees.
P: Esta é uma das propriedades de um | T: This is one of the proprieties of an
angulo inscrito na  circunferéncia. | inscribed angle in the circumference. We
1 Podemos dizer que a amplitude de um | can say that the amplitude of an inscribed
angulo inscrito numa circunferéncia é | angle in the circumference is equal to a
igual a metade do seu arco | half of its corresponding arc. Did you
correspondente. Perceberam? understand?
12 | Al: Sim. Ch: Yes.
13 | P: Entdo digam-me 14 alguma duvida? T: Now tell me any doubt?
14 | Al: No. Ch: No.
15 P: Primeira coisa angulo inscrito na | T: First of all an inscribed angle in the

circunferéncia é o que tem o vértice (...).

circumference is one that its vertex (...).
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16

Al: Se encontra na circunferéncia.

Ch: lies at the circumference.

17

P: Os lados desse angulo representam o
que é gue representam?

T: The sides of this angle represent what
do they represent?

18

Al: Cordas.

Ch: Chords.

19

P: Entdo vamos escrever: “O arco em que
0 angulo ACB esta inscrito é 0 arco AC. O
angulo ACB diz-se inscrito no arco AC. O
arco AC diz-se arco capaz. O éngulo
inscrito numa circunferéncia ¢ o angulo
cujo vértice esta sobre essa circunferéncia,
cada um dos seus lados contém uma corda.
Propriedades 3: A medida de um angulo
inscrito de uma circunferencia é metade da

amplitude do arco compreendido entre 0s

AC
seus lados: £4BC= BN

T: So let us write: “The arc where the
angle ACB is inscribed is the arc AB. The
angle ACB is called inscribed in the arc
AB. The arc AB is said intercepted arc.
The inscribed angle at a ciecumference is
the one whose vertex is at that
circumference, each of its sides contains a
chord.

Propriety 3: The measure of an inscribed
angle in a circumference is the half of the

amplitude of the arc between its sides:
LABCzATC.

Analysis of phase three
The statements of the relation between angles and arcs in central and inscribed angles were just
dictated by the teacher, in the same way as the “Saber Matematica” textbook’ approach to this
topic. The strategy did not encourage students to reason and none activity was done in the
classroom to convince the students about the veracity of these facts. The students had to accept
the ready made knowledge because the hierarchical relations were strong framed, the teacher
was the authority. It is also to say that the knowledge was delivered in an esoteric domain, but
the teacher did not offer the students the complete access to the mathematical principles. The

students, on their side, did not question the teacher.
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5.3.6.2.5 Phase four: The inscribed angle in a semi-circumference

The next step of the lesson was devoted to the inscribed angle in a semi circumference. Episode
30 reports the unfold of the topic.

Episode 30: The inscribed right angle

P. Este angulo esta inscrito na
circunferéncia ou na semicircunferéncia?

A

(p.108)

T: This angle is inscribed in a
circumference or a semi circumference?

(%

B

Figure 16: The supposedly inscribed in a semi-circle angle, “Saber Matematica”

Al: Na semi circunferéncia?

Ch: In a semi circumference.

P: A medida deste angulo ou este angulo
corresponde a um angulo recto ja ouviram
falar de angulo recto?

T: The measure of this angle or this angle
corresponds to a right angle do you have
already heard about right angle?

Al: Sim ja.

Ch: Yes.

P: Qualquer angulo inscrito numa semi
circunferéncia representa um angulo recto.
Podemos passar a figura. O angulo ABC
estd inscrito na semi circunferéncia.
Escrevam: “Qualquer 4angulo inscrito
numa semi circunferéncia corresponde a
um angulo recto.

T: Each inscribed angle in the semi
circumference represents a right angle. We
can copy the picture. The angle ABC is
inscribed in the semi circumference. Let us
write “Each angle inscribed in a semi
circumference corresponds to a right
angle.”
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Analysis of phase four

The tune of the two last episodes is as well in all teacher’ s Mario observed lessons constitutes
a chance the students to access mathematical discourse up to the beginning. Here is to notice
that the angle ABC in Figure 16 is not inscribed in the semi circumference. The teacher
followed the “Saber Matematica” textbook where he extracted the task. The students did not
make any comment about. In this case it is obvious the chosen angle is a right angle.

The framing over the pacing, selection and sequencing was strong.

5.3.6.2.6 Phase five: Consolidation of the content

After the content was dealt the teacher wrote exercises on the blackboard so that the students
apply the concepts they had learned.

Na figura, a recta r passa pelo centro da
circunferéncia e as rectas s e t sdo
paralelas, o angulo ADB ¢ igual a trinta
graus.

a) Quanto mede arco AB?

b) Qual e a amplitude de CD?

¢) E do angulo CAD, porqué?

In the picture, the line r passes through
the center of the circumference and the
lines s e t are parallels, and the angle
ADB measures thirty degrees.

a) What is the measure of the arc

AB?
b) What is the amplitude of CD?
b) And the angle CAD, why?

Figure 17: Task from the “Saber Matematica” (p. 108)

The exercise was solved with the teacher guidance. He stressed relevant given data and the
pieces of content needed to solve the question before asked for the answer of each question as it
can be seen below.
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Episode 31: Solving tasks

P: Temos uma figura nesta figura podemos
verificar alguns angulos inscritos quantos?

T: We have the picture in this picture we
can verify some inscribed angles. How
many?

Al: Dois.

Ch: Two.

P: S&o dois temos este e este. Entdo temos
aqui uma linha que passa pelo centro e
temos aqui duas linhas paralelas esta e esta
0 que sdo paralelas? S&o linhas que nunca
se encontram mantém a mesma distancia
por exemplo as linhas do caminho de
ferro. Vimos agora uma propriedade que
diz que a amplitude de um &ngulo inscrito
na circunferéncia é igual a metade da
amplitude do seu arco correspondente
entdo este tem o seu arco correspondente e
este também tem o0 seu arco
correspondente e como aqui as linhas séo
paralelas este arco tem que ser igual a este
arco ndo é? Entdo quanto mede o arco AB
um aluno para responder quem responde
sabemos que o angulo ADB é igual a trinta
graus entdo quem vai responder?

T: ((They)) are two we have this and this
{pointing the angles CAD and ADB in
Figure 17}. Then we have here a line
passing through the center {pointing DA}
and we have here two parallels {pointing
the straight lines s and t} this and this what
are parallel lines? ((They)) are lines that
never meet they maintain the same
distance for instance the ferry lines.
Previously we see a propriety that says
that the amplitude of an inscribed angle at
a circumference is equal to the half of the
amplitude of its corresponding arc then
this has its corresponding arc and this has
a corresponding arc as well and as here the
lines are parallels this arc has to be equal
to this is arc not it? Then how much
measures the arc AB one student to answer
who is going to answer we know that the
angle ADB is equal to thirteen degrees
then who is going to answer?

SG: Mede sessenta graus.

SG: Measures sixteen degrees.

P: Sabemos todos porqué ndo é? Porque a
amplitude deste angulo tem que ser metade
do seu arco correspondente. A segunda
questdo é qual é a amplitude de CD
sabemos que estas sao linhas paralelas.

T: We all know why is not it? Because the
amplitude of this angle must to be a half of
the corresponding arc, The second
question is what is the amplitude of CD we
know that these lines are parallel.

SH: é igual a sessenta graus.

SH: ((it)) is equal to sixteen.

P: Eiguala(...)

T: equalto (...)

Al: Sessenta graus.

Ch: Sixteen degrees.
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P: Ttambém serd de sessenta graus e a

T: It will be also sixteen degree and the

S Gltima é quanto mede CAD. last is how much measure CAD.

10 | Al: Trinta graus. Ch: Thirty degrees.

1 P: Trinta graus também ja viram como as | T: Thirty degrees too are you seeing how
coisas sao? the things are?

12 | Al: Sim. Ch: Yes.
P: Vamos marcar o TPC escrevam. Na | T: Let us mark the homework. Write: In
circunferéncia de centro O o arco BA é | the circumference with the center O the

13 | igual ao arco DC. Justifique: arc AB is equal to the arc DC. Justify

{reading what is written below}:

a)AB=C h)BCA=DB c)AOC =BOD d)BAC =BDC

Analysis of phase five
The teacher chose the suitable knowledge and strategies to be followed by the students in
engaging the tasks, and guided them step by step, taking control over the selection, sequencing
and pacing and strong classified in relation to the spaces of the agents. He neither provided the
students any chance to explore other options to solve the questions nor encouraged them to
potential reasoning involving geometrical objects. The task is strong classified as it appealed to
mathematics figures such as angles, circumference, chords and straight lines and to some extent
weakly classified within the subject mathematics as it involved parallels and alternate angles.

The only time in the two observed lessons, the teacher used the everyday as a vehicle

towards the mathematics was in turn 3 when he wanted students to remind the concept of
parallels using the ferry lines. Therefore he entered the esoteric domain through the public
domain.
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5.3.7 Teacher Jodo’s Practice

The lessons took place in a laboratory that was transformd in normal classroom. The students
sat in the laboratory tables or sataning

5.3.7.1 Lesson 1
The teacher started the lesson writing on the board the ”Sumaério”:

Sistema de coordenadas

Coordinate system

5.3.7.1.1 Phase one: From the number line to the Cartesian system

The teacher asked the students to explain where they live and did not get any answer. He asked
the head of the class and he did not answer too. Then he wrote the subheading “Recta
graduada” (number line), drew a number line and plotted the points A and B on the line.
Afterwards he set up a dialogue with the students as it is displayed bellow.

Episode 32: Why is the Cartesian system introduced?

1 | P: Onde esta a letra B? T: Where is the letter B?
2 | [] [
3 | P: Nem sequer tém ideia T: You do not have any idea
4 | P:Estaemcimade(...) T: Itis upon (...)
5 |11 [
6 | T: No inicio da aula perguntei quem podia | T: At the beginning | asked who can
explicar onde fica a residéncia. explain where is his(her) place.
Al: Sim (yes) Ch: Yes
P: Ninguém respondeu, nem o chefe de | T: Nobody answered nor the head of the
turma. Agora estamos aqui. Em cima de | class ((did)). Now we are here. Upon how
como se chama isto? do you name this?
9 | Al: Recta graduada Ch: Number line
10 | P: Onde estd 0 A na recta graduada? T: Where is the A on the number line?
11 | Al: No negativo. Ch: In the negative.
12 | P:Eo0B? T: And the B?
13 | Al: No positivo. Ch: In the positive.
14 | P: A letra A na recta graduada situa-se no | T: The letter A in the number line is

menos um enquanto a letra B situa-se no
mais dois. Como é que se representa que a

located in minus one while the letter B is
located in plus two. How do we represent
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letra A situa-se no menos um. Como se
chama isto? Representa-se assim e o B,
um aluno para representar.

that the letter A is located in minus one.
How do you call this? We represent it like
this {writing on the board A—1 } and
the B? A student to represent ((it)).

A student went to the board and wrote B — +2

15

P: O C onde esta o C?

T: The C where is the C?

16

SA: Esta no meio.

SA: Itis in the half.

17

P: N&o estamos a dizer no meio nem no
lado esquerdo nem no lado direito.
Estimos a localizar porque a recta
graduada tem nimeros. Onde estd o0 E?

T: We are not saying in the middle or on
the left side or on the right side. We are
posiotioning because the number line has
numbers. Where is the E?

18 | SA: Trés SA: Three

19 | PPEoC? T: And the C?

20 | SA: No meio. SA: In the half.

21 | P: Vai l4 ao quadro quero ver como é que | T: Go to the board, | want to see how is he

ele escreve.

going to write.

The

student went to the board and wrote C—+05

22

P: Como é que se Ié isso?

T: How do you read it?

23

Al: Meio.

Ch: Half

24

SB: Zero virgula cinco.

SB: Zero comma five.

25

P: Zero virgula (...)

T: Zero comma (...)

26

Al: Cinco.

Ch: Five.

27

P: E possivel localizar qualquer ponto
nesta recta. Onde esta o L?

T: It is possible to position any point on
the number line. Where is the L?

28

Al: No menos trés.

Ch: In minus three.

29

P: Onde ndo sdo capazes de localizar se
ele estiver aqui. Se o N desloca-se daqui
para aqui ndo teremos capacidade de dizer
onde ele se localiza. Em que ndmero se
localiza 0 B? N&o temos capacidade de
localizar se ele ndo se encontra na recta.
Houve necessidade de fazer mais um eixo
igual a este que nos ajuda a localizar o
ponto fora da recta. Esta recta partiu da
origem vai fazer uma perpendicular com o

T: Where you are unable to localize if it is
here. If N moves from here to here
{moving the point from its initial position,
on the x- axis to a place outside the axis}
we will not be able to say where is it
localized. In which number is located B?
We do not have ability to localize if it is
not on the line. There was a need of
making yet another axis like this {drawing
the ordinate axis} that helps us to localize
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eixo que voceés ja conhecem. J& surge mais
outro eixo para poderem localizar. Este
eixo é igual a este s6 que este estd na
horizontal e este na (...)

a point outside the line. This line starts in
the origin is going to make a perpendicular
with the axis you already know. It appears
another axis so that you can localize. This
axis is equal to this only this is in the
horizontal and this in the (...).

30 | Al: Vertical Ch: Vertical

31 | P: O eixo vai ter a mesma graduacdo. | T: The axis will have the same scale. Why
Porque é que houve necessidade de ir | was necessary to get another axis?
buscar mais um eixo?

32 | Al: Para localizar o ponto B. Ch: To localize the point B.

33 | P: Para podermos localizar um ponto fora | T: In order to localize a point outside the
daquela recta graduada. A este conjunto de | number line. To this set of axes to these
eixos aos conjuntos este e este tem um | sets this and this has a name. You have
nome. VVocés chamaram a este eixo s6 de | called this axis only as number (...)
recta gradu (...)

34 | Al: Graduada. Ch: Line

35 | P: Agora na medida em que surge mais | T: Now as yet another axis appears
um outro eixo perpendicular a este ja ndo | perpendicular to this, it is no more a
é eixo graduado ja se chama por sistema | number line it is called the coordinate (...)
de coor (...)

36 | Al: Coordenadas. Ch: System

37 | P: Sistema de coordenadas é um conjunto | T: Coordinate system is the set of two

de dois eixos que vao-nos ajudar a
localizar um ponto que se deslocou da
recta graduada. Agora como € que se faz?
Agora este nimero € que se deslocou ja
vamos fazer na perpendicular para que o
eixo a recta graduada como VvoOcés
chamavam e também vamos ter uma
perpendicular para este. Entdo a
interseccdo dos dois eixos e la onde se
localiza o ponto que se deslocou dali.
Agora como €é que n6s vamos ver onde é
que estd localizado o ponto o B estd

axes that will help us to localize a point
that moved from the number line. Now
how do you do? Now this number moved
we are going to do the perpendicular so
that the axis the number line as you called
it and also we are going to have a
perpendicular to this. Now the intersection
of the two axes is there where is
positioned the point that moved from
there. Now how do we are going to see
where is localized the point B it is
localized in minus three {pointing the - 3
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localizado no menos trés e esta localizado
se nés colocarmos aqui 0 nimero menos
um menos dois e aqui menos trés esta
localizado no eixo do X no menos trés e
no eixo dos Y também no menos (...)

on the x axis} and is localized if we put
here {on the y axis} the number minus

one minus two and here minus three it is
localized on the axis of X in minus three
and on the axis of Y also in the minus (...)

38 | Al: Menos trés. Ch: Minus three.

39 | P: Quantos valores sdo necessarios para | T: How many values are need to localize a
localizar o ponto que se deslocou da recta | point that moved from the number line?
graduada?

40 | Al: Dois Ch: Two.

41 | P:Sao(...) T: ((They)) are (...)

42 | Al: Dois. Ch: Two.

43 | P:DoXedo(...) T: Of X and of (...)

44 | ALY Ch:y

45 | P: Ao valor do X chama-se abcissa e ao | T: The value of X is called the abscissa
valor de Y chama-se ordenada. {enquanto | and the value of Y is called the ordinate
escrevia no quadro os conceitos de | {while writing on the blackboard the new
abscissa e ordenada} O valor X chama-se | concepts abscissa and ordinate}. The value
abcissaeodo Y (...) of X is called the abscissa and of the Y the

(...)

46 | Al: Ordenada (ordinate) Ch: Ordinate

47 | P: Como €é que vamos representar o ponto | T: How do we are going to represent the
B se ele se desloca teremos dois nimeros | pointy B if it moves we will have two
0 primeiro ndmero serd o valor do X e o | numbers the first is the value of X and the
segundo o valor do Y. Como é que vamos | second the value of Y. How are we going
localizar, qual é o valor do X? to localize, what is the value of X?

48 | Al: Mais dois. Ch: Plus two.

49 | P:Qual é? 48 T: What is it?

50 | SK: Menos trés. SK: Minus three.

51 | P: O X se 0 B se desloca é menos trés e o | T: The X if the B moved is minus three
Y? and the Y?

52 | Al: Menos trés. Ch: Minus three.
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53

P: Também é menos trés. E assim vamos
localizar o nimero quando ele sai da recta
graduada aqui nds podemos chamar olha
sO ja ndo € recta graduada aqui parece 0
qué? Parece aqui em cima do cadernos nés
colocarmos aqui isto parece aqui em cima
do caderno enquanto a recta esta la. Agora
como é que se chama esta regido toda?
Entdo temos que chamar de plano esta
regido toda chamamos de (...)

T: It is also minus three. And so we are
going to localiz the number when it get
out the number line here we can call look
only it is no longer a number line here
what is this look like? It is like here upon
your notebooks we put here this it is
likehere upon the notebooks while the
number line is there. Now how do you
name this entire region? Then we have to
call it a plan this entire region we call (...)

54

Al: Plano.

Ch: Plane.

55

P: Algum problema em relag&o ao sistema
cartesiano ortogonal? Ok ndo ha davidas

T: Any problem in relation to the
orthogonal Cartesian system? Ok there is

podem passar. no doubt you can copy ((in your

notebooks.))

Analysis of phase one

In the introduction of the concept Cartesian system reported in this transcript the language from
the beginning up to the end lied in the everyday language, with points being called letters (1
and 14) moving from the number line to the plane. The context of everyday language confused
the teacher to interpret the student’s answer “O C esta no meio” that in the everyday language
means the C is in the middle. The teacher discourse was in the context of the everyday
language as he explained that the matter was not of being in the middle or on the left side or on
the right side the matter was to give a number because the number line has numbers, see
utterance 17. It is not usual to hame the number 0,5 by “meio”, but this term is used in numbers
greater than one, for instance “um e meio” (1,5). The explanation of the students’ meaning of
the word “meio” is reported from turn 22 to 24. The teacher interpreted this as being from the
everyday register. Additionally, the teacher confused the students when he repetitively said that
the Cartesian system is only valid for points outside the x- axis.

The students had difficulties with the instructional discourse visible in turn 32 where they
assumed that the transition of the number line to the Cartesian system was to localize the point
B, the concrete point they were dealing with. The teacher immediately stated that this is for any
point outside the number line. The chosen strategy did not provide the students an adequate
environment for emergence of potential reasoning.
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In relation to the lesson, the teacher had control over the pacing and timing of the
transmission, over the selection and the sequencing of the content, therefore, the interaction
above may be considered as strong framed.

The knowledge was framed as public domain. One could also argue that the text was in the
expressive domain from the beginning, as the teacher produces non-mathematical signifiers
meant to signify mathematical concepts. The strongly framed regulative rules were visible in
turn 8 when the teacher made implicit the role of the students that were not keeping silent when
the teacher asked a question.

5.3.7.1.2 Phase two: Construction of the Cartesian system

As was said before, this topic is a revision of grade 7, however in this grade the Cartesian
system is extended to the negatives semi lines of the axes. As it happens with teacher Cida
there was no mention to this extension. In the next phase of the lesson two examples were
worked ount and afterwards the teacher resumed the exposition of the content. The Episode 33

reports the dialogue between the teacher and the students in this step of the lesson.

1. Designate the abscissas of A and B.

A B

o1 2 3 4

1. Indique as abcissas dos pontos A e B.
A B

4 3 2 -

o1 2z 3 4

Figure 18: Number line task

Episode 33: Towards a mathematical language

1 | P:Vamos resolver. Onde estd 0 A? T: Let’s solve the question. Where is A?

2 | Al: A é menos um. Ch: A'is minus one.

3 | P:EoB. T: And B.

4 | Al: Mais dois. Ch: Plus two.

5 | P: Vamos escrever. Se um ponto ndo se | T. Let us write in the notebooks. If a point
situa numa recta mas num plano essa | is not locate on one line but in a plane this
correspondéncia sera feita da seguinte | correspondence will be made as following:
maneira: Primeiro fixa-se uma recta X no | First a line X is fixed on the plane that
plano que deve ser orientada e graduada | must be oriented and scaled this line will
essa recta serd chamada de eixo dos X ou | be called the X axis or of the abscissa.
das abcissas. E a recta perpendicular ao | And the line perpendicular to the X axis
eixo do X que passa pela onde é que vai | that passes through where is it going to
passar? pass?

6 | Al: No eixo. Ch: Through the axis.
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7 | P: Vai passar na origem. A recta Y serd | T: It is going to pass through the origin.
chamada eixo dos Y ou das ordenadas. | The line Y will be called the Y axis or of
Vamos interpretar isto que escrevemos. | the ordinates. Let us interpret what we
Primeiro temos o eixo das abcissas | wrote. First we have the abscissas axis
{tracando no quadro o eixo das abcissas}. | {drawing on the board the graduated X-
Este colega vai-nos ajudar vai la colocar o | axis}. This colleague is going to help us
eixo das ordenadas como é que fica | place there the ordinates axis how it works
queremos  fazer o  sistema  de | we want to make the coordinates system.
coordenadas.Vais colocar o eixo dos Y | You are going to draw the Y axis how
como é que fica para juntos serem o | does it work so that they form the axes
sistema dos eixos? {o aluno indicado | system? {the designated student drew a
tragou uma recta vertical}. E ali que deve | vertical axis}. Is there where he has to
colocar? place?

8 | Al: Sim. Ch: Yes.

9 | P: A graduacdo como é que fica? Quem | T: The scale how does it work? Who is

vai colocar a graduagdo?

going to place the scale?

Student D volunteered to go to the blackboard and graduated the line without using a ruler.

10 | P: Ah é assim mesmo, de qualquer | T: Ahisitso, in anyway?
maneira?
11 | Al: Néo. Ch: No.

The student at the board erased what he did and graduated again using a ruler, but only the
right side of zero.

12 | P: Esta correcto? T: Isitright?

13 | Al: Nao. Ch: No.

14 | P: Ok wvai ajudar {indicando um | T: Ok help him {pointing to a student}.
estudante}.

Student E went to the board and put the scale using the ruler, but she used different

increments.

15 | P: E assim mesmo? T: Is it s0?

16 | Al: Ndoooo Noooo.

The teacher at the blackboard scaled the line while he was explaining:

17

P: Coloco aqui e vou graduar com a
mesma medida, a mesma medida. Este é o
zero este € um um este € o dois, enquanto

T: | put here (( the ruler)) and mark the
scale with the same increment with the
same increment. This is the zero this is the
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que aqui sdo 0s negativos € como neste
eixo. {apontando o eixo x }

one this is the two, whereas here we have
the negatives it is like this axis {pointing
the x - axis}.

The teacher resumed the dictation.

P: Agora se pode representar um ponto
qualquer neste plano. Ao conjunto destas
rectas orientadas assim definidas chama-se
sistema de coordenadas ortogonal (SCO).

T: Now you can represent any point in this
plan. The set of these two oriented straight
line defined in that way is called
orthogonal Cartesian system.

Analysis of phase two

In this interaction the discourse moved from the public to the esoteric domain, with
mathematical language occupying the central place in the explanations, strengthening the
classification. The designation letter B became just B implying the value of B, the expression
the points moved from the number line to the plane disappear, and he explicitly said in
utterance 18 that any point can be plotted in the plane.

The control over selection, sequencing, pacing and timing continued being on the teacher
responsibility. The framed can be described as strong.

In addition, the evaluation criteria became explicit in turn 20 when the teacher received an
affirmative students’ answer about the correctness of the ordinate axis a colleague had drawn
on the board without scaling it. Before, there was rather weak framing when it was up to the
students to decide how to do it. The teacher did not mention the absence of the scale in his
observations “Ah ¢ assim mesmo de qualquer maneira?” (Ah is it so, as one wants?) (10). The
students understood that the scale must be done with a ruler (11) and the increments have to
measure the same (16). One student showed to have the recognition rules about the use of a
ruler in that context when the teacher implicit questioned its use in turn 9. The student then at
the blackboard knew he has to use the ruler to perform the task, but he did not possess the
realization rule to produce the expected text, so he scaled the line using different increments.
The long negative answer (16) of the students to the teacher’s question “Is it so?” (15) did not
show for sure if the other students had the realization rules to produce the legitimate text. The
students were lacking the knowledge on which base they should answer and perhaps also even
provide reasons.
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5.3.7.1.4 Phase three: Solving one example

The teacher wrote the coordinates of some points on the blackboard asking the students in the
following example to plot them in a Cartesian system:

Exemplo: Represente no SCO os
seguintes pontos A(-13), B(2,3), C(2,0),
D(-11) e E(0,5).

Example: Plot in a cartesian system the
points A(-13), B(2,3), C(2,0), D(-12)
and E(0,5).

Episode 34 displays the interaction between the teacher and the students while ploting the

points above in the Cartesian system.

Episode 34: Plotting points

P: Eu vou representar o ponto A em | T: | am going to plot the point A then you
seguida vocés fazem o resto. Como é que | do the rest. How do | do what is the axis
1 vou fazer qual é o eixo que este | that this represent {pointing the first
representa? {apontando o primeiro | element of the point B} it is in the X or the
element do par}. Esta no eixo do X ou do | Y axis?
Y?
2 | Al: X Ch: X
P: Estd no X ou no Y? T: Itisin X or Y?
4 | ChvY Ch:Y
5 P: Como é que vocés vém que este | T: How do you see this represents the X?
representa 0 X? Como é que descobrem? How do you discover?
6 | [] [
7 | P:Este dois é X ou Y? T: This two is X or Y?
Al: X Ch: X
9 P: E o trés? {apontando para o Segundo | T: And the three? {pointing the second
element do ponto B} element of point B}
10 | ALY Ch:Y
1 P: Como é que descobriram? O menos | T: How did you discover? The minus one?
um? {pointing the first element of the point A}
12 | Al X Ch: X
13 | P: Como é que vocés identificam T: How do you identify?
14 | SE: Este tem menos. SE: This has a minus.
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P: Ah ndo sabem explicar no conjunto dos

T: Ah you don’t know how to explain in

15 | ndmeros o primeiro nimero é do X e o | the set of the numbers the first number is
segundo niimero ¢ do (...) the X and the second number is the (...)

16 | ALY Ch:y
P: Agora posso dizer aqui qual é o X? | T: Now | can say here what is the X?

17 | {apontando para o primeiro elemento do | {pointing the first element of the point C}
ponto C}

18 | Al: Dois Ch: Two

19 P: E o Y? {apontando para o segundo | T: And the Y? {pointing the second
elemento do ponto C} element of point C}

20 | Al: Zero Ch: Zero

1 P: Como é que sabem? Porque o primeiro | T: How do you know? Because the first
nimero € o (...) number is the (...)

22 | Al: X Ch: X
P: O primeiro nimero é o X e 0 segundo | T: The first number is the X and the

23 | nimero o Y € a abcissa ¢ a orde (...) second number the Y it is the abscissa and

the ordi (...)

24 | Al: nada (nate) Ch: nada (nate)
P: Entdo eu vou representar o menos um | T: So | am going to plot minus one
{apontando para a abcissa do ponto A} é o | {pointing the abscissa of the point A} is
X eu vou na recta do X e localizo o menos | the X | go to the straight line X and
um entdo o X é este levanta-se uma | localize the minus one so the X is this you
perpendicular e vou localizar o Y primeiro | uplift a perpendicular and I am going to
vou localizar onde esta o trés {apontando | localize the Y first I localize where is the
para a ordenada do ponto A}. O trés é este | three {pointing the ordinate of the point
vou fazer também a perpendicular a | A}. The three is this is | make a

25 | interseccdo das perpendiculares € aqui | perpendicular as well the intersection of

onde esta localizado o ponto A. E assim
que se representa 0 ponto. Quem vai
representar o ponto B? Eu costumo dizer
gue as meninas é que SA0 responsaveis
mas ndo estdo a ser activas. Meus
senhores eu comecgo a corrigir a partir do
sistema a graduacéo e as perpendiculares.

the perpendiculars is here where the point
A is located. It is how a point is
represented. Who is going to represent the
point B? | usually say the girls are
responsible but they are not being lively.
Gentlemen | start correcting from the
coordinate system the scale and the
perpendiculars.
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Then a volunteer, a girl, went to the blackboard and plotted correctly point B.

26 \ P: Quem vai marcar o ponto C? T: Who is going to plot the point C?

A second volunteered girl went to the board and failed to represent the point as well as a third
girl who was named by the teacher. Both girls tried to plot a point with the abscissa two and
considered a point close to zero as the ordinate.

The bell rang and the teacher left the point C and the remaining points D and E as homework.

Analysis of phase three

From turn 5 to 14 the potential reasoning regards the distintion between the abscissa and the
ordinate of a given point. He used the term “descobrir” (discover) to the focus his intention, but
he did not allocate much time for students thought about the issue. After the first incorrect
answer (14) he immediately explained the reason in turn 15. In turn 21 he asked once more
why the students knew wich is the abscissa and the ordinate of the point C and offered the
response immediately afterwads.

The teacher kept the discourse strong framed regards the selection, sequencing and pacing
and timing of transmission, in the esoteric domain. Through the strength of framing regarding
to the criteria (25) the students learn what is valuable in the task, as the teacher made it explicit
when he stressed that he is going to evaluate not just the point plotted but the perfection of the
perpendiculars of the Cartesian system and the scale. The teacher expressed his conviction that
the girls were in general more responsible but in the lesson they have not been participating,
aiming at having girls going to the board (25). Although the teacher decided when sent students
to the board, and made his preference for the girls participation, the three girls went willingly to
the board after this. Therefore, the social base was less strong framed. The last two girls, who
failed to plot the point C on the board revealed that to have the recognition and the realization
rules according to the teacher explanation of the topic, as the teacher made a distintion between
points on the number line, C — +2 and points on the plane C(2;0) , With abscissa and ordinate.
They understood according the circulated discourse that the point should not be on the x- axis.
Their choice of the ordinate value suggests they thought the ordinate cannot be zero, it is a
number closer to zero than to one.

5.3.7.2 Lesson 2

The lesson plan, “Sumdrio”, was written on the board by the teacher at the beginning of the
lesson.

Exercicios de aplicacdo. Exercises of application.

The teacher started with a revision of the last lesson topic.
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Episode 35: Coming back to loosely language

P: Siléncio, cada um no seu lugar. E altura
de cada estudante perguntar-se a si mesmo
0 que é que vim fazer. A nossa missdo ndo
é de vos fazer calar. Na sétima Classe
antes de dar a aula o professor andava
atrés.

T: Silence, everyone in his place. It is time
each student ask himself what | am
coming for. Our mission is not to shush
you. In grade seven before start teaching
the teacher walked behind ((the students.))

The students sit down in silence.

P: Porque é que houve necessidade de
buscar mais uma recta Y tudo isso para

T: Why was there need to seek another
line Y all this to help us locate a point

2 nos ajudar a localizar um ponto fora da | outside the graduated line we already
recta graduada que ja conheciamos. Ester. knew. Ester.
3|1] []
4 P: Nem sim nem ndo sé calou esse é que € | T: Neither yes nor no she just shut up this
0 mal. is the wrong thing.
5 | Ester: primeiro traga-se o eixo dos X. Ester: First we draw the X axis.
P: N@o ndo. Nao é como se traca o sistema | T: No, no. it is not how to draw the
cartesiano. Porque nés porque é que houve | Cartesian system. Why we why there was
necessidade de levar o eixo Y para auxiliar | the need to take the Y axis to help X axis
6| 0o eixo X no sentido de localizar na | in order to locate in an attempt to locate a
tentativa de localizar um ponto no plano. | point on the plan? Why? | believe the
Porque razdo? Eu acredito que a pergunta | question is well ((formulated.))
estd bem esta bem.
7111 []
P: Com uma recta ndo chegou. Foi preciso | T: With one straight line ((it)) was not
8 buscar o Y para podermos localizar o | enough. It was necessary to get the Y so
ponto fora da recta gradu (...) we can locate the point outside the number
li(...)
9 | Al: ada Ch: line
Then the teacher sketches a number line on the board.
10 P: Como é que se chama esta coisa que | T: How do we call this thing on the board
esta aqui no quadro meus senhores? gentlemen?

11

Al: E uma recta graduada.

Ch: It is a number line.

12

P: E uma recta orientada que também esté

graduada. Onde esta localizado o ponto A?

T: It is an oriented line that is scaled as
well. Where is locate the point A.
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13 | Al: No menos um. Ch: On minus one.

14 | P: No menos um de onde? T: On minus one where?

15 | SA: Do eixo. SA: Of the axis.

16 | P: No menos um da recta gradu (...) T: On minus one of the number (...)

17

Al: ada

Ch: line

18

P: N&o era possivel fazer coisas, houve
necessidade de pdr mais outra assim
{tracando o eixo das ordenadas}, porque
razdo colocamos mais uma recta s6 para
localizar o ponto?

T: It was not possible to do things, there
was the need to put another like this
{drawing th Y axis}. Why do we put one
line more to locate the point?

19

L

L

20

P: Porque o D ja se afastou da recta. Para
localizar o ponto que saiu da recta. Temos
que saber em que valor ele representa 0 Y
e em que valor ele representa no (...)

T: Because D is moved away from the
line. To locate the point that has moved
from the line. We have to know which
value represents the Y and which value
represents the (...)

21 | Ss:Um Ss: One
22 | Sos: Zero Sos: Zero
23 | SR: X SR: X

24 | P: No(...) T: the (...)

25

SZ: E para localizar o ponto que esta no
espaco.

SZ: In order to locate the point in the
space.

26

P: O ponto que estano (...)

T: The point in (...)

27

Al: No espaco.

Ch: In the space.

28

P: Que estd no espaco. Se saiu da recta ja
esta no espago.

T: That is in the space. If it moved away
from the line it is in the space.

Then the teacher draws a picture on the board and

dictated the following task.

29

Exercicio
A figura mostra diferentes locais de uma
cidade. Indique as coordenadas de cada

local bem como a localizagdo do Pedro.

Exercise
The picture shows several places in the
city. Indicate the coordinates of each place

and where Pedro is as well.

Then the bell rang. The teacher explained what is to be done and the task was left as
homework.
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Analysis of lesson two

The lesson started with an explicit regulative discourse, with the teacher complaining the
students’ behaviour.

The homework of the previous lesson was not corrected. Among others, the students had to
mark the points C(2,0) and E(0;5). Therefore, nothing can be said about the possible
emergence of a tension between the teacher repeatedly explanation about the point on the
abscissa axis denoted as C — 2 and the denotation C(2;0) for points “on the plane”.

The teacher resumed the question of the previous lesson about the transition from the
number line to the Cartesian system. But his discourse was not coherent, as he spoke
sometimes about the point outside the number line (2, 8 and 20) and others about points on the
plane (6). This might confused the students, who kept silent (3) or gave unexpected answers
(5). In fact, the question emerged in turn 2 reformulated in turn 6 about the reason of the
transition from the number line to the Cartesian system seemed to be weakly framed. This
means the criteria for what counts as legitimate were weakly framed. It was not evident what
the teacher had expected the students to answer as the answer he gave after, to locate a point
outside the number line, was contained in the question. Furthermore, close to the end of the
interaction the teacher elicited the answer proposed in turn 25 by student Z, to locate the point
outside the number line in the space. He made the students repeat it (turn 26 and 27) and
incorporated the term space in the conclusion of the discussion (28).
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5.3.8 Summary

Despite the variation in the teachers’ practice, the outline of all the observed lessons followed
the typical structure of Mozambican mathematics lessons, subdivided in three distinct stages:
(1) correction of home work, often with some students presenting at the board followed by a
correction, (2) content exposition, with more or less student interaction, and (3) practice, where
the students under teacher guidance practice new knowledge, techniques and skills usually
through tasks proposed by the teacher. Further, the observed lesson all started with the teachers
writing the planned topic for the lesson, the “Sumario”, on the blackboard and the students
copying it in their notebooks. Teachers Capita, Anténio and Mario in addition read the
“Sumario” out loudly to the students.

The “Sumario” on the board at the beginning of the lesson gives explicitly the plan to
cover, meaning that the teacher selected the content previously. In doing so, the teacher has the
control over what and when is to be taught. In Bernstein terms the content is strong framed
regards to the selection, because there was no negotiation with the students.

The correction of the home work is made orally or on the blackboard, by the teacher or by
the students or by both. The home work in teacher Cida’s lesson was written on the blackboard
by the students or done orally with the teachers asking the question and the students answered
them. She used this activity in the second lesson to provide the students the legitimate text in
the context of a mathematics classroom as she insisted with the students to include the units,
Number of CDs and Meticais, in the answers and to use just numbers in the answers for
abstract quantities in the data. Additionally, she took the opportunity to show the students the
importance of the accuracy of the scale in the school mathematics in the episode where Anténia
obtained a polygonal line instead of a hyperbole. Conversely, teacher Mario corrected the home
work orally, and used it to deepen the notion of a chord associated with an angle, as the
students had not answered that question. Introducing the arc symbol he had not done in the
previous lesson and drawing students’ attention to the distintion between the symbols of an arc
and an agle the teacher aimed at entering the students at mathematical language.

Unlike the other, teacher Ant6nio corrected himself the home work on the board with
minimal participation of the students. He did not offer the students the acces to the calculations
procedures.

Teachers Capita and Jodo did not correct the home work, they went directly to the second
stage of the lessson.

This activity was in the three classrooms strongly classified in relation to the content that
was insulated from the everyday language. Whereas Anténio and Mario’s home work tasks
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summoned mathematical relational tables and geometrical figures respectivelly, Cida’s tasks
were recruited from daylife situations. Therefore, in this stage of Antonio and Mario’s lessons
the tasks, referring to the setting where they were drawn can be considered strong classified
and the Cidas’ tasks weakly classified in an esoteric and descriptive domain respectively.

The rhythm and the interrelational relationship in solving the home work tasks varied from
teacher to teacher. Generally, the teachers defined the time available to each task, in teacher
Cida and Mario’s tasks correction the pace was relatively slow. Differently, in teacher Anténio
home work correction the time planed was very short. Concerning to the athmosfere teacher
created to the activity = however teacher Cida and Mario’s students had apparently some
fredoom to to write teir answers on the board and hear from the teacher and colleagues
feedback, what did not happen in Antonio’s practice. So the athmospher in which the tasks
were solved is strongly (Anténio)/ weakly (Cida and Mario) framed regard the pacing and the
interrelational relashionship between teacher and students tend to be stronger framed in
Antonio’s lesson than in Cida and Mario’s lessons.

Afterwards, the content planned for the lesson is exposed usually with teacher narrating.
The observed lessons revealed that all, but teacher Capita, followed either “Saber Matematica”
or “Matematica 8a Classe” books. Geometry and Functions are topics teachers in Mozambique
rarely make connection with the everyday life. This is due to the nature of the topics that seem
to be abstract and not related to the dayly life. In fact, teachers Capita and Méario did not
incorporate everyday settings turning the content strong classified. Unlikely, the topics
Cartesian system and proportionality are suitable to drawn on everyday settings. This happened
in teachers Cida, Jodo and Antonio’s lessons, they blurred the boundaries between everyday
and school mathematics, weakening the classification, and used the descriptive or public
domain to enter the students into the esoteric one. Teacher Jodo provided the students the
esoteric from the beginning up to the end of the lesson and teacher Capita used sometimes the
expressive domain to get the esoteric one.

The teachers presented new specialized terms and repeated them or asked the students to do
it to enable the students to focus on the specialized language.

The move from one to the ensuing activity were always decided by the teachers, they took
control over the sequencing, not alter their plan to provide the students with basic knowledge
essential to the new content. The teachers’ expectations of the role of the students were clear
made in their practice. Students were expected to attentively follow the teacher exposition and
respond with short sentences their questions by teachers Cida, Anténio and Mario, whereas
teacher Capita expected a more active role of the students. Therefore, the degree of students’
partitipation varied from teacher to teacher, they got students the opportunity to engage the
tasks, to answer orally or write their answers on the board, except teacher Anténio in whose
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lessons the students were not sent to the board. However the procedures, the thoughts and the
steps of the development of the concepts were explicitly guided by the teachers. Dispite this
limitations teacher Capita created more space for the students to participate actively in the
lesson. Unlike the other teachers, he sought for students’ alternative answers, and invited
students to justify, coment, or offer another answers. Therefore, | consider the students had to
some extent influenced the pace in teacher Capita’s lessons within his limits, using Bernstein
terms the framed regards to the sequencing and classification of the teacher-students’ relations
was weak in teacher Capita’s lessons and strong in the other teachers’ lessons.

Roughly, the students behaved well, except in relation to the punctuality and the low home
work completion. Thus, very seldom the teachers had explicitly to call the students’ attention to
their conduct in the classroom. In addition, the pedagogic practice chose by each teacher
reflected an asymmetrical power relation between them and the students.

All but teacher Antonio made explicitly some aspects privileged in their pedagogic
practice, such as the accuracy with the scales or the requirement of complete students’
statements to make them more suitable for mathematical context. This practice, on the one
hand, translates an increase in the strength of the framing regards the evaluation criteria at the
level of the instructional discourse, as the students learn how to produce legitimate texts, and
on the other hand, weakned the framing regards the hierarchical relations, at the level of the
regulative discourse, as the teacher provided students with tools that might be used by them to
be confident and to enhance their participation in the classroom (Morais & Miranda, 1996).

The teacher exposition ends usually with examples solved by the teacher on the board with
or without students’ participation. These examples serve as prototypes to be followed by the
students to practice in the next stage solving proposed tasks similar to the examples. All but
teacher Antonio solved the examples on the board with in intraction with the students.

The students in all observed lessons had no time to practice the new knowledge.

In the move from one to the other stage of the lesson or within each stage between different
activities the teachers informed the students what they were going to do and tried to have
attention of all students, making clear the focus of the activities. To start the activity the
teachers stood on the front of the students writing the subheading of the activity.

Teachers’ pedagogic practices showed differences and similarities. The topics angles and
linear functions were delivered from the beginning at to the end aiming the use of mathematical
language by the students, therefore the teachers introduced the students into the esoteric
domain up to the first lessons. In the topics Cartesian system and proportionality, on the
contrary, the students entered the esoteric via descriptive or public domains. Here, differently
from what happened in the first two topics the teachers recruited everyday settings to introduce
the content. Although these differences, the analysis did not show big differences in the
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pedagogy chosen by the teachers regards the generation of potential opportunities for
reasoning. The selected activities were focused on classifying objects (e.g. functions or
polynomials), on correct naming of objects (inscribed or central angles, distinction of
coefficients), on applying rules (proportional sizes, measure of inscribed angles) and not on the
mathematical meanings of the processes. In that way the students did not access the
mathematical principles behind the procedures and rules.

The recontextualisation of the curriculum followed the trend observed in the
recontextualisation made in the textbooks, where the concern was with the content section and
less attention drawn to the objectives and the methodology. Consequently, some objectives of
the curriculum are missed in the textbooks and in the classroom. In addition, the predominant
mode of interaction in all classrooms was the students’ answers in chorus, a communication
pattern that is not suitable to development of individual reasoning recommended by the
curriculum.

The Ministry of Education is the institution with responsibility for the public school run.
Technics of this institution recontextualize the curriculum producing the Syllabus that is
mandatory for all schools. Therefore, the teacher autonomy regards the selection of the content
to be taught is strongly framed. Although the textbooks are produced by independent publishers
not requiring the state approval, the Ministry of Education chooses the textbooks in use in the
public schools. Thus, the schools apply the same curriculum, the same Syllabi, the same
textbooks and the same dosage of the content made by the provinces. In addition, the teaching
is requlated by the provincial (at the end of each trimester) and national evaluation (at the end
of grade 10). Accordingly, the teacher autonomy regards the selection of the content to teach in
the year, and the evaluation criteria are externally strong classified and framed respectively, as
the control is on the Ministry responsibility.

Below the Ministry framing and classification, the teacher pedagogic practice is framed by
the province and school dosage, as the teacher participates in this last forum s(he) can to some
extent influence the decisions.

In addition, the analysis showed the classroom discourse in all but teacher Raul and
Antonio’s observed lessons framed by the textbooks texts. The internally framing, at the level
of the classroom, focuses on the selection of the strategy, the sequencing of the content of the
trimester, the pacing, the evaluation, the hierarchy relationships and the social base. The
teachers were unable, in the limiting space available for their intervention in the classroom, to
recontextualizing the guide lines of the curriculum in order to promote potential reasoning
involving mathematics meaning, probably because they did not understand what was expected
of them, recognition rules, or how to implement a practice that could attain this result,
realization rules. This implys that the teacher relative autonomy is not optimized with
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introduction of modes of interaction that priveliged the students’ needs, the involvement of all
students in the argumentation, explanation and justification aiming the emergence of
mathematical meaning, which conflits with strong framed discourses regards the selection,
sequencing and pacing.

214



6 Discussion and Implications

6.1 Introduction

The innovative features in the new mathematics curriculum in Mozambique for grade 8, as
stated in the declamatory introductory section, consist in the incorporation of mathematical
competencies related to the development of students’ reasoning skills, including argumentation,
justification and analytical thinking, and the use of heuristic or inductive methods that promote
meaningful students’ participation. In the study, these features were subsumed under
“reasoning”, both as referring to a form of interactive production of new meanings in the
classroom (pedagogy), and as an intended outcome in terms of students’ skills (competencies).
The aim of the exploration of the curriculum document, textbooks and teachers’ practice,
was to track the innovative features of the curriculum during the process of their transformation
into the curriculum enacted in the classroom. The analysis of classroom practice has been made
against related features found in the curriculum, the detailed syllabus and the textbooks. The
study has drawn on the notions of Bernstein’s pedagogic discourse and of recontextualisation.
Although the study was primarily conceived to use Bernstein’s notion of classification, as the
work progressed, Dowling’s domains of school mathematics practice informed the analysis of
the syllabus and textbooks (see Chapter 3). In addition, some other analytical tools derived
from functional linguistics have been used to map the specialization and framing of the
pedagogic discourse in the fields in consideration. One difficulty related to the analysis
consisted in the different qualities of the “texts” analysed, as the curriculum, syllabus and
textbooks are monologic, while the classroom interaction is dialogic. While in the written texts,
the parts can be interpreted in relation to each other, in the classroom the mathematical
meanings are only in the making. Consequently, one does do get access to the “whole” by a
sample of lessons. However, it was possible to investigate lessons with a thematic closeness in
this study, even though the amount of lessons varied by classroom. But all lessons were
consecutive and included the first lessons on a new topic and thus represented the approaches
chosen for the topics studied. However, it is hard to talk about the framing and classification in
general, as these dimensions change in the course of the lessons.
The study has produced a range of detailed outcomes that were presented in three separate
subsections, which included reference to an array of methodological tools drawn from other
similar investigations. Partly, these references also included outcomes of previous research
dealing with the implementation of curricular reforms in different contexts. In the following, a
more general discussion of the detailed outcomes will be undertaken. In the course of this
discussion, the study will also be located in relation to previous research. In the first sections,

215



some results of the three sub-studies will be discussed separately. Then follows a more general
and more interpretive review of outcomes, interspersed with possible implications for
curriculum policy, textbook design and classroom practice in the context of curriculum, if
appropriate. The discussion will also point to limitations of the study.

6.2 Reconstruction of the Curriculum
6.2.1 The Curriculum Documents

6.2.1.1 The general goals

The 2008 reform intends to enhance the vertical and horizontal links between the subjects
and within mathematics, aiming at more integrated curriculum if compared with the more
strongly classified earlier versions. It intends to overcome a technique-focused mathematics
with a pedagogy that consists in memorising concepts and practicing methods. This is meant to
be achieved through listing competences to be achieved, and suggesting a more learner-centred
pedagogy with opportunities for the students to confront opinions, question reality and propose
alternative solutions for problems. The vertical links are intended to be pursued through spiral
learning, (MEC & INDE, 2007)

The analysis has shown, that the mathematics related competences comprise an array of
different skills, including “logical thinking”, “arguing an opinion”, as well as “logical
reasoning” in relation to mathematical methods, such as sorting, serializing, relating, analysing,
synthesising, deducing and proofing. In terms of the mathematical knowledge envisioned in the
curriculum, the innovation thus includes a focus on principled mathematical knowledge, in
contrast to a more technique-centred approach.

6.2.1.2 The syllabus

The study traced the recontextualisation of the innovations of the curriculum in the syllabus
and investigated how the power and control relation between the Ministry of Education as its
author and the teacher/school as the intended reader is manifested. According to the intention,
the syllabus should be familiar to the teacher, and be one of the main resources for teachers to
plan their lessons. However, in the interviews this document was not mentioned as belonging to
the list of materials used by them.

The syllabus itself is further subdivided in sections: a declamatory introduction section that
recontextualises the curriculum goals in aims that have to be achieved, the objectives, the
content, the methodological and the evaluation sections. While the first section states that the
curriculum as competence based and introduces innovative aspects in line with the intention of
the reform, the content selection is driven by topic-specific objectives instead as by
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competencies. The proclaimed learner-centred instruction is contradicted by attributing the
teacher the role of a transmitter of mathematical generalisations and definitions. The students
are then constituted as objects rather than apprentices. They depend on the teacher who owns
the principles.

In addition, there is a lack of consistency or clarity across the remaining document in how
the pedagogic aims translate into proposed activities to be enacted in the classroom. The
analysis of the objectives identified those that were aiming at principled knowledge (in contrast
to technique-based knowledge). But this aim was not anymore visible in the corresponding
sections detailing the approaches. The failure in keeping the type of knowledge aimed at when
describing content and methods in detail through transforming principle-based knowledge into
technique-based knowledge must be interpreted as non-fulfilment of the central goals of the
reform. Teachers will be more likely to read the detailed suggestions as a basis for their lesson
planning.

Further the syllabus lacks rigor in relation to some terms that are meant to designate the
same procedure and is not clear about the level of the depth in some of the mathematical
concepts. When comparing the detailed method sections for the topics coordinate system and
proportionality, both already introduced in grade 7, there is no evidence of the learning spiral
proposed as a structuring guide.

There is also inconsistency in the overall strategy across topics. While most topics are
constituted as esoteric domain knowledge from the outset, others start from public/ expressive
or descriptive domain. But there are no explicit guidelines for moving between these domains.
The syllabus position in relation to the students’ access to the mathematical principles is not
consistent, as occasionally context-based empirical generalizations are recommended,
sometimes mathematical deductions, and sometimes none of these. The text is characterized by
a nearly absence of explicit reference to processes, such as to explain, to define, to generalize,
to justify. In reference to classroom communication and its social base, the syllabus is
speechless, with one exception in the topic central and inscribed angles, where the group work
is recommended.

The sections also differ in terms of the hierarchical rule between the school authority as the
author and the teacher as the reader. The declamatory section provides principles for the
rationale underlying the new curriculum, sharing in this way the options made with the teacher
and seeing him as a co-constructor. In contrast, the methodological guidelines are structured
step by step as a lesson plan, with explicit and sequential instructions for the teacher. The
message in this section is predominantly characterized by imperative voice (should and could)
with little use of suggestive verbs such as propose, suggest and recommend. The reader dos not
get access to the principles behind the suggestions. Although the framing over criteria varies
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between strong and weak according to the subtopic, in general, taking into account what have
been said, the Ministry of Education has the control over the hierarchical rules and the criteria
in all but the declamatory section.

In comparison with the earlier syllabus, the expansion and great detail in the
methodological guidelines in the new syllabus, on the one hand, facilitate the teacher’s
interpretation and enactment of the curriculum, taking into account an assumed lack in
mathematical or pedagogic knowledge, but on the other hand, strengthen the control of the
Ministry of Education over the teaching process. Neves and Morais (2001) report the same
tendency in the Portuguese syllabi and point to the tension between the degree of the syllabus’
explicitness and the teacher’s room for interpretation. In fact, strong control over selection and
sequencing is potentially leading to changes if the teacher identifies with the approach, but it
brings with it the reduction of the teacher’s initiative in the classroom. In the case of the
syllabus analysed in this study, the syllabus itself cannot be considered as carrying the goals of
the reform.

In many countries, curriculum documents and assessment frameworks have been changed
during the last years to emphasize the importance of problem-solving, reasoning, and
communicating, as for example witnessed in moves towards list of overarching mathematical
competencies (e.g. NCTM, 1989; OECD, 1999; Niss & Hgjgaard, 2011). The reasons stated are
similar as those mentioned in the document issued by the Ministry of Education in
Mozambique. Some of the traces in the innovation however seem to resemble more of an
“inquiry-mathematics” approach (e.g. Goos, 2004). For example, the heuristic methods
mentioned in the syllabus, where students are meant to be engaged in mathematical discussions
while solving unfamiliar problems as base for generalisations. Usually, the approach also
includes the students discussing with each other, critiquing and justifying their ideas in a
whole-class discussion, after a phase of individual or group work. The trace of the idea in the
Mozambique curriculum only concerns the inclusion of a context of discovery without
reference to a suitable pedagogy. In contrast with other curricular moves towards general
competences, mathematical modelling is not mentioned in the Mozambique curriculum.

Often, a focus on inquiry has been promoted in an attempt to overcome “textbook-based”
approaches, when students individually solve tasks from the book (Boaler, 1998). In
Mozambique, the tradition is to teach in a communal mode of whole-class interaction. The new
curriculum then is a move towards more individualisation, as the students cannot be expected
to come up with the same arguments or reasons.

As an alternative to the analysis carried out in this study, the syllabus’ approaches to the
topics could have been investigated in terms of a range of mathematical processes that are often
mentioned in lists of mathematical competencies, such as problem posing and solving,
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mathematical modelling, communicating mathematically or handling mathematical aids and
tools). Bit as the analysis has shown, there was almost no explicit reference to processes at all.

6.2.1.3 The textbooks

Yan and Lianghuo (2006) observe a kind of uniformity of textbooks across countries in their
study of problem solving approaches in textbooks from China, the United States and
Singapore. Generally, the approaches were restricted. The two textbooks analysed in this study
also do not show startling differences at first glance. In terms of coverage, they both include the
topics recommended in the syllabus, and in none of the books there is something “extra”. In
fact, there are also some commonalities, which are not immediately visible. There is a
sparseness of language involving logical connections, which, if present, would have indicated a
logical reasoning progression in the text (Morgan, 1998, Stacey & Vincent, 2009 and Kim &
Kasmer, 2006). Consequently it can be said that the textbooks do not extensively provide
access to a language that includes deduction and explicitly connects the mathematical
procedures and concepts within and across topic sections. Also, both textbooks present a rather
fragmented mathematics, which means, the discourse shows a relatively strong internal
classification. In terms of knowledge structure, this represents a horizontal structure.

However, there have been some more subtle differences revealed in the analysis. The
“Mathematics 8% Classe” has in fact more language with reference to some form of explicit
logic, includes more unprincipled or principled esoteric domain text and a bigger number of
worked tasks. The latter means that there are generalizations and interplay between the
different representations across contexts possible. The pedagogic strategy here resembles what
Dowling (2009) calls “articulating”, a strategy that makes implicit principles “teachable”
through providing different exemplars of situations in which a skill, e.g. solving a particular
type of problem, can be developed. Further, it is only this book that uses “inclusive”
imperatives, which according to Rotman (1988) positions the students as “thinkers”, in contrast
to “scribblers”. In the former, verbs demand the reader to follow instructions without
questioning, whereas in the latter the applied verbs express a potential to engage the reader in
an interaction with someone else. Herbel-Eisenmann and Wagner (2005) add that the two
imperatives denote how the reader is asked to participate in the activities, in this case either
included or excluded from the community of people doing mathematics. The other textbook,
the “Saber Matematica”, has less explicit reference to some form of logical inferences, includes
less esoteric domain text but more public domain, provides only one worked example per sub-
topic, does not at all use “inclusive imperatives” and thus constitutes the learner as scribbler.
Also, the positioning of the students/ reader in relation to the teacher/author has been looked at
in the analysis. There the “Saber Matematica” turns out to employ much more first person
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pronouns (“we”), which can be interpreted as showing a more weakly framed regulative
discourse. Altogether, it can be concluded, that the “Saber Matematica” resembles more of the
student-centred progressive pedagogy than the “Matematica 8* Classe”. It recontextualises the
general curriculum objectives partly in line with the underlying ideology. At the same time, it
provides less access to the principles of the esoteric domain of (school) mathematics than the
“Matemética 8* Classe” because these remain more implicit (lack of logic), or offer fewer
possibilities for generalizations across contexts.

Others have also attempted to study how curriculum innovations similar to those in the new
curriculum in Mozambique are visible in textbooks. For example, Kongelf (2011) reports the
absence of well-known heuristic approaches stated in the curriculum, such as “look for a
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pattern”,
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guess and check”, “work backwards”, “think of a related problem” and “simplify the
problem” in Norwegian textbooks. Frejd (2012) shows how the authors’ diverse interpretation
of the modelling ability, which is conceptualised as a holistic ability in the curriculum,
produces different approaches. The authors of the Swedish textbooks thus undermine the
holistic ability prioritizing other aspects of mathematics (Frejd, 2012). As in the textbooks from
Mozambique, there is a narrowing of the meaning, if not a transformation, in the textbooks’
concretisation of general competencies.

In many contexts textbooks are used by teachers to plan their lessons (Jablonka &
Johansson, 2010). Love and Pimm (1996) even claim that textbooks are often written for the
teachers, or at least they address both, teachers and students. They also assume a kind of
uniformity in their discussion of textbooks as a kind of genre. However, much of the research
on textbooks, which is a quite developed area in mathematics education, assumes that the
textbooks are indeed used by the students. In some countries, as for example in Sweden, the
teaching practice appears highly individualized and the students are spending much time in the
lessons solving tasks from their textbooks, occasionally scaffolded by the teacher (Johansson,
2006; Jablonka, Johansson and Rohdin, 2010). The situation is different in Mozambique. Due
to lack of financial resources, it is often only the teacher who possesses one exemplar of the
textbook. The school libraries provide some textbooks that can be used by the students there. It
is more likely then, that the textbook is used by the teacher. But even if this is the case also in
contexts where the students have the books, here the difference is that the students fully depend
on the teacher’s selection. Even if there might be a variety of tasks provided, the students
cannot choose to look at them.

The study has shown that the textbooks are indeed used as a resource for lesson planning
and for extracting worked and proposed tasks to solve, as an example in the exposition or in the
practice phase and as homework. But there are different degrees to which a teacher using a
textbook might follow its approach, for example following a book page by page, picking up all
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topics as well as the sequencing, or none of these. Depending on the quality of the textbook, the
practice of teachers not using the book might be more or less innovative (Freeman & Porter,
1989). As has been reported, the textbooks analysed in the study recontextualised the main
innovative aspects of the curriculum (focus on students’ participation in reasoning,
argumentation and justification) in slightly different ways, but both in most of the topics
introduced a formal type of mathematics and tasks that do not afford student reasoning.
Consequently, in this study the teachers who did not use the books were more likely to be
innovative. Teachers Cida, Matio and Jodo followed the textbook step by step whereas teacher
Antonio picked up the topics and the sequencing and kept quite close to the approaches chosen
in one of the two textbooks that have been analyzed in this study. On the other hand, teacher
Raul did not follow the textbook. And this teacher was indeed the one who incorporated more
innovative aspect in his classroom practice.

There are also several studies of teachers’ practice of textbooks that are meant to be a force
in innovation of teaching practice (e.g. Ball, 1996; Manouchehri & Goodman, 2000). But as
said, these studies are not relevant here, as the books used by the teachers do not embody
important aspects of the reform. On the contrary, they had a more preserving effect on teaching
practice.

Remillard (1997) writes about improvisation in classroom teaching. In her study, the
textbooks were seen as a “good” recontextualisation of the reform. Still she argues that teachers
need to learn how to improvise, as the reform curriculum, which included a more open and
more student-centred approach, makes it impossible to follow a pre-defined lesson plan strictly.
The present study has shown that the teachers often switch from weak framing to strong
framing, from weak classification of form and content to strong classification of content and
formal mathematical language. This might be due to their experience of teaching as a less
improvised but much more strictly planned activity.

In the analysis presented in this study, the interest was also in how the textbooks address
the students, even if the students did not use the books. This was to see whether the books
resemble the (comparatively) more student-centred pedagogy advertised in the curriculum,
which is to include contributions from the students and provide them with the knowledge and
skills needed to argue, justify statements and provide reasons for conclusions on mathematical
grounds. The analysis was undertaken independently of practical constraints, which might
reduce textbook use by the students. Still, the teachers could get ideas for classroom practice in
line with the new curriculum. If a recommendation should be given, which of the two most
popular textbooks should be used because it is more in tune with the curriculum objectives, the
answer would be, none of these books.
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Further, the textbooks analyzed in this study do not stem from the cultural tradition in
Mozambique. Generally, curriculum innovations and textbooks have been imported into
developing countries, and this continues to be the case. Some objectives in the new curriculum
are similar to those points valued in the Portuguese national curriculum, but with less impact on
the textbooks as reported in the textbook study by Ponte (2006).

6.2.1.4 The classroom observations

The observed lessons showed a fairly uniform functional structure, typified by a homework-
correction-exposition-practice pattern. The homework correction is undertaken orally or on the
blackboard by the teacher, by the students or by both (but teacher Raul and Jodo never
corrected the homework in the observed lessons). There was not much discussion around the
homework, as the focus was on the correct answers and the teacher’s interest to get the students
doing it. There was no incident in this phase, where the teachers were concerned with the
students’ reasoning behind neither an incorrect nor a correct answer. But the teachers acted
differently in terms of the space for the students to present their answers. Only Cida provided
such space, varying the discourse in the classrooms from strongly (Antdnio and Mério) to
apparent weakly (Cida) framed over the pace, and the hierarchical rules tending to be strongly
(Antonio) or less strongly framed (Cida, Mario).

In the content exposition phase, all but teacher Raul followed closely one of the textbooks
analyzed. Teacher Antdnio seemed to be always in rush, attempting to cover a large amount of
the topic, with the students mostly listening. In the other teachers’ lessons the pacing was
generally less strongly framed in this phase of the lesson. This weakening was most frequent in
teacher Raul’s lessons, who had planned in sufficient time and encouraged all students to come
up with ideas and occasionally to justify their reasoning and explain for their colleagues, which
included encouraging them to use everyday language in order to support students’ confidence.

As to the classroom culture observed, in all except in some of teacher Antonio’s lessons,
the students were engaged in the activities. Antonio’s planned activities were more focussed on
evoking names or procedures or rules the students should remember. Teacher Raul, who gave
an enthusiastic and supportive impression, involved more often the students in a whole-class
discussion. These observations support Mustapha’ (2010) findings about the relationship
between students’ disposition to participate and the teacher’s form of treatment. A large
amount of the contributions by the students was to complete sentences started by the teacher or
to reformulate their answers into mathematical language under teacher guidance, in addition to
uttering memorized terms, rules and procedures. They were rarely engaged in reasoning that
focussed on the mathematical meanings, the emphasis was rather on classifying objects (e.g.
functions or polynomials, angles or proportionalities), and on correct naming of objects. This
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pattern has been observed in many countries (e.g. Kalu, 2004). The teachers in the present
study however assumed, in the interviews, that they model learner-centred pedagogy as the
students were speaking in the classroom and there was apparent weak framing over the pace.
However, the teacher could not cope with the weakening of the framing over pace and selection
implied by the student-involvement at the beginning of the lessons.

The teachers’ language and how they exactly phrase their questions is crucial to whether
the students are able to participate in the development of emergent mathematical meanings with
their own contributions or whether they turn out to lack the means to produce legitimate text in
accordance with the forms and content of the mathematics that is being developed. Weakly
framed questions (e. g. teacher Jo20’s insisting on the question about moving from the number
line to the Cartesian system, or teacher Raul’s question about the sameness of two functions)
prevented the students to understand on what knowledge base they are supposed to answer.
Very often, students’ contributions were not taken into account, especially towards the end of
the lessons, when framing and classification changed. The mathematical content was quickly
transmitted and dictated to the students who wrote in their notebooks, a move towards a strong
faming of the criteria for legitimate text, often with a strong focus on mathematical language.
For instance, teacher Antonio’s feedback to diverging students’ answers about the point (1,0)
being in the first or fourth quadrant, was “These are particular points we will see next. Write in
your notebooks. Observation: They are particular cases all points belonging to the axes....”.
The inference that the answers were incorrect was possibly drawn from the notes dictated by
the teacher, but there was no attempt to discuss, as many other cases.

The importance of teachers’ language to help students recognizing what is important, has
been stressed by many researchers who argue for more student-centred pedagogy (e.g. Cooney,
2001). Gellert and Jablonka (2009) study in detail the unfolding of teacher-student interactions
and argue that it is especially difficult to recognize the legitimacy of a contribution if word-
problems are at issue. The issue is relevant because the new curriculum in Mozambique
includes in parts a weakening of the boundaries towards everyday practices, that is, the
mathematics should be less formal and more useful in everyday life. Consequently, some
teachers and occasionally the textbooks had introduced more word-problems (but no open
modelling tasks), which mostly were descriptive domain texts. There is a difference between
having such problems as an entry to esoteric mathematics (see the table about the different
strategies in the textbooks), or having it at the end of a topic labelled “proposed tasks”. In the
latter case the students have learned which mathematical “gaze” they have to use for solving
the task. In the first case, it is possible as soon as it is descriptive domain text, but it becomes
harder if it is public domain text. The study has shown that both, textbooks and teachers often
“jump” from the everyday domain to esoteric mathematics. The skills and strategies needed for
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avoiding such discursive jumps remains an important research issue. The curriculum guidelines
in Mozambique, and perhaps not others either, do not provide examples for such strategies in
the method-section.

Usually, the lessons ended with the bell ringing, and the teacher quickly finishing the
dictation or/fand marking of the homework. There was no planned space to go back to the
content taught and extract the main features to conclude the lessons.

In all but some of teacher Raul’s lessons, the hierarchical rules positioned the students as
subordinate, they did not actively participate in the discussions because the criteria were
unknown or not explicit, and therefore the teachers had to answer by themselves the questions
they posed. The students behaved differently when the criteria were already explicit, as for
instance in the correction of the homework or a revision.

Answers in chorus are commonplace in Mozambican classrooms (Fagilde, 2002) and also
the teachers in this study were not much concerned to get individual contributions. The
questions were most of the time addressed to the whole class and very rarely to an individual
student, mostly when the teacher was walking around while students were calculating (teacher
Mario), sketching graphs (teacher Cida and Raul) and with students at the board (teacher Raul).
The difficulties or important issues that emerged in these individualised communications were
made public for all students. Accordingly, in general the teacher conceived the classroom as an
meta-individual student, treating the whole class as one person, directing the focus on
developing a shared identity of the students, and therefore individualisation or observable
achievement differences rarely could be seen in the classroom. The same situation was
experienced by Hoadley (2006), in what she called “communized”, referring to the
organizational form theorized by Pedro (1981).

The Mozambican syllabus asserts the student “might be able to develop independent,
critical thinking, and formulate their own judgments” (p. 4). This means the students need to be
offered occasions to argue and reason, but these reasons and arguments are meant to be an
outcome of individual thinking and not of a collective mode of thinking. To accomplish the
goal, a shift from the communication pattern where the whole class is addressed to a more
individualised addressing, needs to happen. Teacher Raul’ s lessons showed some instances of
this shift towards a different social base of transmission, as he stimulated the students and
uttered, “you can think”, “have you discover”. This characterizes progressive discourses of
pedagogy, where the individualization is privileged in the communication.

The teachers justified collective pedagogies raising the problematic of the size of the
classrooms, time constraints, examination paper requirements and scarce resources. However,
the conduct was the same in all classrooms, independent of the size that varied from forty five
to hundred twenty. In teacher Raul’s lessons the individual involvement of the students, giving
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their opinion and explaining to others, was visible and it was encouraged. Further, some group
work in the classroom was introduced by the same teacher in order to have the students explain
to each other how to plot graphs.

The framing over the selection of the communication was usually strong, as the teachers
decided who and when could enter into the discussion. Teacher Cida for instance, ignored two
students’ contributions until she finished the drawing a graph, and only then she elicited their
predictions that the graph did not pass through the origin and did not look like a straight line.

As in the textbooks, the degree of external and internal classification was weakest in the
topics coordinate system and proportionality. The teachers started the topics, imitating the
textbooks, from public or expressive domain texts. Sometimes, they were able to move from
these domains to the esoteric texts, but in other occasions there were discursive gaps between
with what they had started and the esoteric mathematics teachers aimed to enter the students
into, as the discourse were not related back with the initial settings. In contrast, there was
strong internal and external classification in the topics linear function and angles. Teacher
Mario’s lessons were strongly framed in relation to criteria and more ritualized than in the other
teachers’ practices. This is probably related to the conception Mozambican teachers often have
of geometry, where the mathematical activity is mostly consisting in “naming” the concepts
and properties. Sethole (2006) claims that it is also not common in South African classrooms,
to draw a connection between geometry and everyday settings.

There is a tension between the framing of the regulative and the instructional discourse, but
this tension acts out differently in the practices of the teachers. Bernstein (2000, p. 23) states
that weak framing over the instructional discourse implies weak framing over the regulative
discourse. In the context of the Mozambique school tradition the framing of the regulative
discourse is strong, that means the teacher has an imperative and positional mode of control
and due to the strong “specialization of agents” (teacher and students) there is not much space
granted to the students to question, discuss and share ideas. This is also due to the strong
classification of the mode of expression of the content discussed. In addition, the content
transmitted in form of notes dictated by the teacher, where no interruption is expected. If the
evaluative criteria are explicit, strongly framed, this means that the students have opportunity to
learn the legitimate discourse, that is, how to answer the questions in the given context.
However, in the observed lessons, often the sudden accelerated pace did not provide enough
time for the students’ acquisition of the knowledge. In the same way, the sequencing is also
strongly framed, as the teacher defines the time allocated to each issue and when to move from
one to another activity. Therefore, the instructional discourse is influenced by the position of
the teachers. In teacher Antonio’s lessons the regulative and the instructional discourse are
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categorically embedded. The study showed that some subtle differences in the teachers’
practice might be influential.

All but teacher Antonio tried more often to involve the students in a discussion, and so
weakening the framing of pace and control over the communication. Here could be the
teacher’s interpretation that reasoning in the new curriculum means “involving the students” a
little more. In addition, teachers Cida and Jodo recruited everyday life settings and teacher Raul
allowed and shared the use of everyday language in the classroom, offering the students to
draw on familiar settings and language. Therefore the interpretation could here be not just to
change the pacing, but also connect the knowledge to be taught with different assumed daily
life situations. However, as in the textbooks, the connection between the differently classified
knowledge domains was not adequately explored.

The transcripts show that the move toward the esoteric text is characterized by elaboration
and generalization of a concept or procedure from particular cases, that is, by context-based
generalization. The access to the principled esoteric text on this base is limited. Very seldom
opportunities were offered to the students to access knowledge including its regulating
principles, they were mostly dealing with rules or procedures (technique-based knowledge), as
in Cida’s lesson about proportionality. In the topics linear function and angles, where the
concepts were delivered in the form of a strongly classified discourse, the generalizations were
absent. The same was observed in Antonio’s lesson on proportionality.

The curriculum goals of developing “the confidence in him(her)self: to express and argue
their opinions; formulate elementary judgments about concrete situations; confront new
situations with confidence and show flexibility and creativity” (INDE & MINED, 2010) is
hardly achieved if the students do not have access the principles behind the knowledge.

6.3 Conclusions

In studies of reform, often the teachers’ mathematical content knowledge is discussed as
problematic (e. g. Ball, Hill, & Bass, 2005). In the present study, all participants have been
trained as mathematics teacher, two during two years after grade 12 and three four years at the
university. It does not seem the lack of their academic mathematical knowledge that would be
an issue. In addition, they have been teaching for several years.

Taking into account specific historical and cultural context of Mozambique, much of what
has been written about curriculum reform, especially in relation to the teacher’s role, needs to
be calibrated. The study is a reminder of the fact that more far reaching attempts of theorizing
often ignore the specificities of local contexts. The classrooms investigated in this study would,
following Skovsmose (2006), fall under a category that is internationally not much studied. In

226



metaphorically using an estimated percentage, Skovsmose observes that 90 per cent of
mathematics classroom research represents only ten per cent of the classrooms in the world.

Obviously, a more student-centred pedagogy, which attempts to involve students’
contributions in order to develop their skills in mathematical reasoning and argumentation,
relies on some resources in terms of number of students and classroom shape. Research sees
the class size problematic for classroom seating arrangements that facilitates communication
between students, and allows only a participation of a small number of students in the
discussions (Serbessa, 2006). In addition to teacher qualification and familiarity with the
language and pedagogy suggested by the curriculum are important. For example, Robinson M. ,
(2002) reports that the majority of the teachers were not prepared for the implementation of the
new curriculum, or that those who had to train them were ill-prepared for the mission in South
Africa. Group-work has been mentioned as a possibility in the curriculum document (yet only
once), but the observed teachers did not try it. Given the lay-out of some of the classrooms and
the numbers of students, it might simply be too complicated or even impossible. In addition, in
outlines of how to conduct group work in mathematics, there is a phase of institutionalization
or at least publication of the students’ work. This could also only be done to a limited extent
given the number of groups one would have. There does not seem to be much practically-
oriented didactic research, or reported examples, that offers some wisdom for classroom
management in this situation. In fact, Benbow, Mizrachi, Oliver, and Said-Moshiro (2007)
show constraints about large Classes in developing countries, but they argue that anecdotal
evidence reveals working in groups as one of the modes of interaction that can be effective. On
the other hand, Nakabugo, Opolot-Okurut, Ssebbunga, Maani and Byamugisha (2008) results
point to teachers in Uganda to rely on group work to enrich learning as their main strategy in
the classroom. Interestingly, this strategy is only the third common according to the schools’
administrators interviewed in the study.

The communalized mode of interaction in the Mozambique classrooms, mostly including
some more or less strongly framed mode of questioning the whole class, can also be described
as an optimization of delivering a pre-defined selection of knowledge with a certain expected
pace of acquisition, while at the same time trying to mentally engage the audience. In order to
guarantee that this form of interaction remains undisturbed, the teacher needs some skills in
formulating the “guiding” questions. The decision about what in the question is assumed as
known, and what is sought after, is based on the expected mental operations performed by the
students and aims at influencing these according to the planned direction of the discourse. The
reasoning involved in this pattern is not intended to be self-initiated by students trying to offer
a reason for an action or an assertion, without someone ask for it (Johansson, 2003). In fact, in
the classrooms observed, there were only very few occasions when students, at their own
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initiative, asked a question without the teacher inviting for contributions. Also (Gellert,
Espinoza, & Barbé, forthcoming) report a similar pattern as observed in Mozambique from
Chile as well crowded classrooms. The teacher’s first utterance of a sentence is followed by the
students’ expected reaction, the completion of the sentence in chorus. Dowling and Brown
(2009) witnessed the same modes of interaction in South Africa.

Perhaps the teachers in this study try to balance the tensions between what is asked from
them by policy, as stated in the new curriculum, and practice by keeping this overall mode of
interaction.

In the introduction, some remarks have been made about cultural influences that have to do
with a general strong framing of hierarchical rules between adults and children. This general
cultural pattern can be assumed to contribute to the observation that the rules were also strongly
framed in the classroom. It is not expected from a student to interrupt the flow of interaction,
for example through a self-initiated comment or question, neither is it expected from the
teacher to suggest a weak classification between them as expert and the students as the
unknowledgeable. This could be interpreted as having a teacher with a week knowledge base
(Serbessa, 2006). Consequently, the cultural values of both students and teachers might amount
to the way in which the curriculum has been recontextualised in the classrooms.

While the hierarchical rules were quite stable in all observed lessons, there were more
subtle changes in who was included in the production of shared mathematics understandings.
There were in fact occasions, when students’ contributions were valued, also if they did not fit
to the official mathematical meanings or to the teacher’s lesson plan. In terms of the theoretical
underpinning of the study, such more inclusive moments would arise when the students’
mundane or everyday knowledge comes in, that is, when the activity is in the public domain.
But another more stable aspect in the lessons observed, much due to the textbooks’ approaches,
was the focus on or the quick switch esoteric domain with a high degree of formalization. This
then, again excludes most of the students’ prior knowledge as being a valid contribution as they
usually had not acquired the expected knowledge and in addition, the teachers (textbooks)
assumed knowledge of mathematical notations that had never been taught.

In comparison with other pedagogic practices (see e.g. the ones reported in Clarke et al.,
2006), the observed lessons were generally strongly externally and internally classified, and the
mathematics appears quite formal. Bernstein (2000) distinguishes between visible and invisible
pedagogies, or between collection code and integration code (Bernstein, 1973), in cases of
overall strong or weak classification and framing. In these terms the Mozambican curriculum
resembles a collection code. There are also many features of what is described as a “visible”
pedagogy, apart from some observed combinations of weak framing of evaluation criteria
together with strong framing over the sequence, pace, and regulative discourse. Bernstein
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(1975) suggests that a visible pedagogy would be to the advantage of lower class students.
With this he means students from Classes with a more direct link to the material base of
production. Given that the student background of some of the students in the classrooms
observed would fall under this category, the adopted pedagogy, which shows the features of a
visible rather than an invisible pedagogy, would be a good choice made by teachers and
textbook authors. But Bernstein also argues, a collection code is elitist, as it is run under
economic conditions that do not afford enough time for a slower pace, which means only those
with extra help from outside school manage to follow. This seems to be the case in many of the
lessons from the classrooms observed. On the other hand, the new curriculum, as has been
shown, can be seen as an attempt to weaken the boundaries between mathematical sub-areas
and between school knowledge and everyday knowledge, although to a very limited extent.

What also has been pointed out, was a gender hierarchy. Even if this was not the focus of
the study, there are some details that have been noticed. The female enrolment in grade 8
increased from 41,1% in 2002 to 45,8% in 2009 (AfriMAP & OSISA, 2012, p. 122). Although
the figures from 2010 are not available, one can assume the rate was not lower than the one of
the year before. The study revealed that in the observed classrooms the greater proportion of
famale students was in Nampula with 55,8% and 55,3% and a smaller in Quelimane with 40%.
Muputo has 36,4% and 40,3/% of female students. Furtjer, in the observed lessons, the highest
rate of participation in the classroom interaction came up from the famale students and
particularly in Nampula the famale were generally more active in the classroom
communication.

The study has pointed to a range of other tensions. For example, the relations between the
different actors in the recontextualsing field have been described in terms of an ideological
struggle. In this study, the inconsistency between different parts of the curriculum has been
pointed out. But as Jablonka and Gellert (2012) state, the consequences of mathematics
curricula for different student groups in terms of their access to mathematical discourse are
rarely directly visible, as curriculum conceptions often represent ideological hybrids. The new
mathematics curriculum in Mozambique, as the analysis has shown, does not have any
identifiable conception, but represents a mix. In fact, the question arises whether there has been
any communication between the authors, who might have been recruited from different sub-
fields of the recontextualising field. It seems that there are different ideologies behind the
general introduction section, the rhetoric section, and the sections detailing mathematical topics
and lesson plans. If power is seen in relations between categories, ignorance is then the
strongest classification between actors, as the other does not seem to exist. The hybridity of the
analyzed curriculum might be due to such mutual unawareness of the actors involved.
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In relation to the classroom practice, one could ask whether the practice includes
emancipatory dimensions, in contrast to denying agency. In the curriculum, there is a valuation
of some kind of general reasoning capacities. There are two different aspects. One constitutes
reasoning as a kind of higher order thinking, the other as a means for the students to argue their
opinions. Both are general, and it is not made clear how these competences should be achieved
in a mathematics classroom. In addition, these two aspects come from quite different types of
traditions. The curriculum seems to aim at a general formal education through mathematics
(develop logical thinking), and at the same time introduces some emancipatory aspect (learn to
argue their opinions), assuming this would help to critically participate in public activities as
active decision-makers. Both of these are in the document constituted as abstract skills of
reasoning, not related to a particular social practice, assuming to be of benefit for individuals as
well as for society. This contrasts to the arguments often made in mathematics education, that
the knowledge should become less abstract and more relevant for the vocations available to the
students and for dealing with their private domestic life.

One important issue that was not thematized in this study is the social stratification through
education. The study dealt with grade 8, that is, with a grade where many students have already
dropped out. In the classrooms studied, during the period of observation, often a third of the
students did not attend class, which is a serious problem. Given the size of the rooms and the
restrictions huge Classes means on involving students, the absence mitigates some problems
caused by the lack of resources. The students who do not show up, of course, are excluded
from participation in general, even before there could be different identities emerging in the
classroom. Altogether, the lesson observations do not give appropriate data about a
stratification of achievement, as the class is treated as a collective. Yet, it was possible to see
that mostly a little group of the same students where those in each class who participated in
interactive reasoning episodes with the teacher. Given the implicitness of the criteria because of
weak faming over what is supposed to be an acceptable contribution (criteria) in many
episodes, one could ask why some students still were able to understand what is expected of
them. In one case, this was mainly a student who has repeated the class.

There is a mismatch between a pressure posed on teachers to cover the curriculum in such a
way that pupils succeed in formal examinations in Grade 10. Later, the grade 12 graduates,
after having passed the national exams, have to sit admission examinations for higher education
institutions. The mathematical knowledge valued in these exams is generally the formal
mathematics, with a focus on mastering techniques, but with some tasks requiring reasoning.
The curriculum enacted in the observed classrooms might to some extent be helpful as a
preparation for these examinations.
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It is not clear whether the curriculum reform is research based, and if so, it is based mostly
on research from other contexts. Attention to the cultural and historical environment should be
given, which means there are certainly more studies of classroom practice in Mozambique
needed, including studies that pilot the implementation of curriculum innovation together with
teachers. Co-operative work between teachers might also help to establish a professional
identity in interpreting curricular reform, which as it is now, is rather imposed on them.

Attention needs also to be paid to theoretical and ideological underpinnings of curriculum
reforms. Much of the tradition in Mozambique is formed by traditions from Europe. The
analysis has shown a mix of approaches across mathematical topics in the curriculum. Whereas
there were not many traces of interdisciplinarity, a trend observed in many places, some other
features show a trace of an international move toward socio-constructivist perspectives.
Weakening the boundaries between school subjects does not have to be taken automatically as
good advice either. Critical reading of research from other countries about curricular reforms
that resemble the same direction might help to avoid both, re-inventing the wheel and re-doing
mistakes.

231



7 References

Africa Governance Monitoring and Advocacy Project (AfriMAP) & Open Society Initiative of
Southern Africa (OSISA). (2012). Mogambique: A prestacao efectiva de servigos publicos
no sector da educacao. Johannesburg, South Africa: Fundagdes da Open Society.

Anthony, G., & Walshaw, M. (2009). Effective pedagogy in mathematics. Belley, France:
Gonnet Imprimeur.

Ball, D. L. (1996). Teacher learning and the mathematics reforms. Phi Delta Kappan, 77, 500-
508.

Ball, D. L., Hill, H. C., & Bass, H. (2005). Knowing mathematics for teaching: Who knows
mathematics well enough to teach third grade, and how can we decide? American
Educator, 29, 14-17, 20-22, 43-46.

bantulandia. (2008, September 19). Criangas de Pebane nunca sonham... Retrieved from
http://bantulandia.blogspot.se/2008/09/crianas-de-pebane-nunca-sonham.html

Benbow, J., Mizrachi, A., Oliver, D., & Said-Moshiro, L. (2007). Large class sizes in the
developing world: What do we know and what can we do? American Institutes for
Research under the EQUIP1 LWA. Retrieved from http://www.equip123.net/docs/E1-
LargeClassrooms.pdf

Bentaouet-Kattan, R. (2006). Implementation of free basic education policy. Washington, D.C.,
USA: The World Bank.

Bergsten, C., & Jablonka, E. (2010). Interpreting students' reasoning through the lens of two
different languages of description: Integration or juxtaposition? In V. Durand-Guerrier, S.
Soury-Lavergne & F. Arzarello (Eds.), Proceedings of the Sixth Congress of the European
Society for Research in Mathematics Education: January 28th - February 1st 2009 (pp.
1555-1564). Lyon, France: Institut National de Recherche Pédagogique.

Bernstein, B. (1973). Class, codes and control, Vol 1: Theoretical studies toward a sociology of
language. London, UK: Routledge & Kegan Paul.

Bernstein, B. (1975). Class, codes and control: Toward a theory of educational transmissions.
Vol 3. London, UK: Routledge & Kegan Paul.

Bernstein, B. (1990). Class, codes and control: The structuring of pedagogic discourse, Vol. 4.
London, UK: Routledge.

Bernstein, B. (1996). Pedagogy, symbolic control and identity: theory, research, critique.
London, UK: Taylor & Francis.

Bernstein, B. (2000). Pedagogy, symbolic control and identity: theory, research, critique. (Rev.
ed.). Lanham, Maryland, USA: Rowman & Littlefield.

232



Berry, J., & Sahlberg, P. (2006). Accountability affects the use of small group learning in
school mathematics. Nordic Studies in Mathematics Education, 11, 3-29.

Boaler, J. (1998). Open and closed mathematics approaches: Student experiences and
understandings. Journal for Research in Mathematics Education, 29, 41-62.

Bourne, J. (2008). Official pedagogic discourses and the construction of learners’ identities. In
A. M. M. Martin-Jones (Eds.), Encyclopedia of Language and Education, 2nd Edition,
Volume 3: Discourse and Education, v—vii (pp. 41-52). New York, USA: Springer.

Brickell, G. J., Ferry, B., & Harper, B. (2002). Developing informal reasoning skills in ill-
structured environments: A case study into problem-solving strategies. In A. Williamson,
C. Gunn, A. Young & T. Clear (Eds), Proceedings of the 19th Annual ASCILITE
conference (pp. 65-73). Auckland, New Zealand: UNITEC Institute of Technology.
http://www.ascilite.org.au/conferences/auckland02/proceedings/papers/094.pdf.

Burton, L. (2004). Mathematiciens as enquirers: Learning about learning mathematics. Berlin,
Germany: Springer.

Clarke, D., Mesiti, C., O'Keefe, C., Jablonka, E., Mok, I., Xu, L. H., et al. (2007). Addressing
the challenge of legitimate international comparisons of classroom practice. International
Journal of Educational Research, 46, 280-293.

Corbin, J. M., & Strauss, A. C. (1998). Basics of qualitative research. Techniques and
procedures for developing ground theory. London, UK: Sage Publications Ltd.

Cruz e Silva, T. (1998). Educacéo, identidades e consciéncia politica. A Misso suica no Sul de
Mogambique (1930-1975). Lusotopie, 397-405.

Dimopoulos, K., Koulaidis, V., & Sklaveniti, S. (2005). Towards a framework of socio-
linguistic analysis of science textbooks: The Greek case. Research in Science Education,
35, 173-195.

Direccdo Nacional do Ensino Secundario and Ministério de Educacdo (DINES &MINED).
(2001). Estratégia para o ensino secundario geral e formacdo de professores para o
ensino secundario. Maputo, Mozambique: DINES and MINED.

Dowling, P. (1998). The sociology of mathematics education: Mathematical myth/pedagogic
texts . London, UK: Falmer Press.

Dowling, P. (2009). Sociology as method: Departures from the forensics of culture, text and
knowledge. Rotterdam: The Netherlands: Sense Publishers.

Dowling, P., & Brown, A. (2009). Pedagogy and community in three South African schools: An
iterative description. In P. Dowling, Sociology as Method: Departures from the Forensics
of Culture, Text and Knowledge. Critical Essays Across Education, Vol 1 (pp. 149-191).
Rotterdam, The Netherlands: Sense Publishers.

233



Edwards, T., & Westgate, D. (1994). Investigating classroom talk. London, UK: The Falmer
Press.

Ensor, P., & Galant, J. (2005). Knowledge and pedagogy: Sociological research in mathematics
education in South Africa. In R. Vithal, J. Adler, & C. Keitel, (Eds.), Researching
mathematics education in South Africa: Perspectives, practices and possibilities (pp. 281 -
306). Cape Town, South Africa: HSRC Press.

Fagilde, S. A. (2002). Towards a characterisation of communication and gender patterns in
secondary mathematics classrooms in Mozambique. Western Cape, Sout Africa:
Unpublished Dissertation.

Francisco, Z. L. (2005). A educacdo informal e a educagdo formal: interfaces e significados de
saberes no ensino de Quimica em Mogambique. Olhar de professor. Ponta Grossa, 8, 141-
150.

Freeman, D. J., & Porter, A. C. (1989). Do textbooks dictate the content of Mathematics
instruction in elementary schools? American Educational Research Journal, 26, 403-421.

Frejd, P. (2012). An analysis of mathematical modelling in Swedish textbooks in upper
secondary school. Proceedings of the 36th Conference of the International Group for the
Psychology of Mathematics Education. Taipei, Taiwan: Tai-Yih Tso.

Galotti, K. M. (1989). Approaches to studying formal and everyday reasoning. Psychological
Bulletin, 105, 331-351.

Gellert, U., Espinoza, L., & Barbé, J. (forthcoming). Being a Mathematics Teacher in Times of
Reform. ZDM - The International Journal on Mathematics Education.

Gellert, U., & Jablonka, E. (2009). | am not talking about reality: word problems and the
intricacies of producing legitimate text. In L. Verschaffel, B. Greer, W. v. Dooren, & S.
Mukhopadhyay, Words and worlds: Modelling verbal descriptions of situations (pp. 39-
53). Rotterdam, The Netherlands: Sense Publishers.

Glaser, B., & Strauss, A. (1967). The discovery of grounded theory. Strategies for qualitative
research. Aldine publishing company: New york.

Goos, M. (2004). Learning mathematics in a classroom community of inquiry. Journal for
Research in Mathematics Education, 35, 258-291.

Guba, E. G., & Lincoln, Y. S. (1989). Fourth generation evaluation. Newbury Park, CA: Sage
Publications, Inc

Halliday, M. A., & Joos, M. (1996). Writing science: Literacy and discursive power. London,
UK: The Falmer Press.

Herbel-Eisenmann, B. (2004, October 21). An examination of textbook "voice": How might
discursive choices undermine some goals of the reform? Paper presented at the annual
meeting of the North American Chapter of the International Group for the Psychology of

234



Mathematics Education.
Retrieved from http://www.allacademic.com/meta/p117516_index.html

Herbel-Eisenmann, B., & Wagner, D. (2005). In the middle of nowhere: How a textbook can
position the mathematics learner. In Chick, H. L. & Vincent, J. L. (Eds.), Proceedings of
the 29th Conference of the International Group for the Psychology of Mathematics
Education, Vol. 3, (pp. 121-128). Melbourne, Australia: PME.

Hoadley, U. (2006). The reproduction of social class differences through pedagogy: A model
for the investigation of pedagogic variation. Retrieved from

http://lwww.jet.org.za/events/conferences/School%20quality%20research%20seminar%202/sch
ool-effectiveness-studies-1/Hoadley.pdf

Huillet, D., & Mutemba, B. (2000). The relation of Mozambican secondary school teachers to a
mathematical concept: The case of limits of functions. In S. Mahlomaholo (Ed.)
Proceedings of the 8th Annual Meeting SAARMSE Conference (pp. 309-316). Harare,
Zimbabwe: University of Zimbabwe.

Instituto Nacional do Desenvolvimento da Educacdo and Ministério da Educacdo (INDE &
MINED) (2010). Matematica, Programa da 82 Classe. Maputo, Mogambique: DINAME.

Instituto Nacional do Desenvolvimento da Educacéo (INDE) (2005, Agosto). Proposta de
estrutura para o ensino secundario geral (Documento em estudo). Retrieved from
http://www.mec.gov.mz/img/anexos/20060215030251.pdf

Jablonka, E. (2002). Social constraints and affordances of reasoning discourses in mathematics
classrooms. In K.D. Graf & F.K.S. Leung (Eds.), Pre-conference Proceedings of the
International Commission on Mathematical Instruction (ICMI) Comparative Study
Conference 2002 (pp. 31-40). Hong Kong, SAR: The University of Hong Kong.

Jablonka, E. (2004). Structure in diversity: Initiation into mathematical practice in classrooms
from Germany, Hong Kong and the United States. Unpublished habilitation thesis. Berlin,
Germany: Dept. of Educational Science and Psychology, Freie Universitat Berlin.

Jablonka, E. (2009). The everyday and the academic in the mathematics classroom:
Confrontation or conciliation? In C. Bergsten, B. Grevholm & T. Lingefjard (Eds.),
Perspectives on mathematical knowledge: Proceedings of MADIF 6 (pp. 7-19). Linkdping,
Sweden: Swedish Society for Research in Mathematics Education (SMDF).

Jablonka, E. & Johansson, M. (2010). Using texts and tasks: Swedish studies on mathematics
textbooks. In B. Sriraman (Ed.), The first sourcebook on Nordic research in mathematics
education: Norway, Sweden, Iceland, Denmark and contributions from Finland (pp. 363-
372). Charlotte, NC, USA: Information Age Publishing.

Jablonka, E., & Gellert, U. (2010). Ideological roots and uncontrolled flowering of alternative
curriculum conceptions. In U. Gellert, E. Jablonka & C. Morgan (Eds.), Proceedings of

235



the Sixth International Mathematics Education and Society Conference (pp. 31- 49).
Berlin: Freie Universitéat Berlin.

Jablonka, E., & Gellert, U. (2012). Potentials, pitfalls and discriminations: Curriculum
conceptions revisited. In O. Skovsmose, & B. Greer, (Eds.). Opening the cage: Critique
and politics of mathematics education (pp. 287-308). Rotterdam, The Netherlands: Sense
Publishers.

Jablonka, E., Johansson, M., & Rohdin, M. (2010). Studying the effects of a hybrid curriculum
and apparent weak framing: glimpses from an ongoing investigation of two Swedish
classrooms. In U. Gellert, E. Jablonka & C. Morgan (Eds.). Proceedings of the Sixth Inte
(pp. 251-261). Berlin, Germany: Freie Universitat Berlin.

Jephcote, M., & Davies, B. (2004). Recontextualizing discourse: Exploring the meso-level.
Journal of Education Policy, 19, 547-564.

Johansson, M. (2003). Textbooks in mathematics education: A study of textbooks as the
potentially implemented curriculum. Luled: Luled tekniska universitet.

Johansson, M. (2006). Teaching mathematics with textbooks: A classroom and curricular
perspective. Doctoral Thesis. Luled, Sweden: Luled tekniska universitet.

Kalu, I. (2004). Classroom interaction patterns, teacher and student characteristics and students'
learning outcomes in physics. Journal of Cassroom Interactions, 39(2), 24-31.

Kim, O., & Kasmer, J. (2006). Analysis of the emphasis on reasoning in state mathematics
curriculum standards. In B. R, The intended mathematics curriculum as represented in
state level curriculum standard class: Consensus or confusion? (pp. 89-110). United States
of America: Information Age Publishing Inc.

Kongelf, T. R. (2011). What characterises the heuristic approaches in mathematics textbooks
used in lower secondary schools in Norway? Nordic Studies in Mathematics Education,
16(4), 5-44.

Koulaidis, V., & Dimopoulos, K. (2007). The pedagogic discourse of the greek school science
textbooks of primary and lower secondary level. Mike Horsley; Jim McCall; Susan Henley.
Ninth International Conference on Textbooks and Educational Media. Peace,
Democratization and Reconciliation in Textbooks and Educational Media (pp. 261-269).
Tonsberg, Norway: IARTEM.

Langa, H., & Chuquela, N. J. (2009). Matematica 8* Classe. Maputo, Mozambique: Plural
Editores.

Love, E., & Pimm, D. (1996). 'This is so": A text on texts. In A. Bishop, M.A. Clements, C.
Keitel, J. Kilpatrick & F.K.S. Leung (Eds.), International Handbook of Mathematics
Education Vol. 1 (pp. 371-409). Dordrecht, The Netherlands: Kluwer.

236



Manouchehri, A., & Goodman, T. (2000). Implementing mathematics reform: The challenge
within. Educational Studies in Mathematics, 42, 1-34.

Mério, M., & Nandja, D. (2005). A Alfabetizacdo em Mogambique: Desafios da Educacéo Para
Todos. Paper commissioned for the EFA Global Monitoring Report. Paris, France:
UNESCO.

Mario, M., Fry, P., & Levy, L. (2003). Higher Education in Mozambique: a case study.
Maputo, Mozambique: Imprensa & Livraria Universitaria, Universidade Eduardo
Mondlane.

Mason, J. (2002). Qualitative researching. London, UK: Sage Publications, Inc.

McCorskey, J. C., & McVetta, R. W. (1978). Classroom seating arrangements: Instructional
communication theory versus student preferences. Communication Education, 27, 89-111.

Ministério da Educacdo e Cultura (MEC) & Direccdo Nacional do Ensino Secundario Geral
(DINES). (2004). Programas da disciplina de Matematica do 1° Ciclo do Ensino
Secundério Geral. Maputo, Mogambique: MINED/DNESG.

Ministério de Educacdo e Cultura (MEC). (2005). Estatistica da Educacgdo: Levantamento
Escolar. Maputo, Mozambique: Direccdo de Planificacdo, Ministério de Educacdo e
Cultura.

Ministério de Educacdo e Cultura (MEC) & Instituto Nacional do Desenvolvimento da
Educacdo (INDE). (2007). Plano curricular do ensino secundario geral. Documento
orientador: objectivos, politica, estrutura, plano de estudos e estratégias de
implementacdo. Maputo, Mozambique: Imprensa Universitaria, UEM.

Mehan, H. (1979). Learnig lessons: Social organization in the classroom. Cambrige, MA,
USA: Harvard University Press.

Ministério da Educacdo (1995). Programas de Matematica: 1° Ciclo. Maputo, Mozambique:
Ministério da Educac&o.

Ministério da Educacdo (MINED) and Direccdo Nacional do Ensino Secundario (DNESG).
(2004). Programas da disciplina de Matematica do 1° Ciclo do Ensino Secundario Geral.
Maputo, Mozambique: MINED/DNESG.

Ministério da Educacdo (MINED) & Direc¢do de Coordenacdo do Ensino Superior (DCES).
(2004, 2005, 2006, 2008, 2009). Dados estatisticos sobre o ensino superior em
Mocambique. Maputo, Mozambique: MINED and DCES.

Monaghan, J. (1991). Problems with the language of limits. For the Learning of Mathematics,
11(3), 20-24.

Mondlane, E. C. (1995). Lutar por Mogambique. Maputo, Mozambique: Centro de Estudos
Africanos. 12 edicdo mogambicana.

237



Morais, A., Neves, I., & Pires, D. (2004). The what and the how of teaching and learning:
Going deeper into sociological analysis and intervention. In B. Davies, A. Morais, & J.
Muller, (Eds.). Thinking with Bernstein, working with Bernstein (pp. 75-90). London, UK:
Routledge & Falmer.

Morgan, C. (1996). "The language of Mathematics™: Towards critical analysis of Mathematics
texts. For the learning of Mathematics, 16( 3), 1-10.

Mustapha, S. M. (2010). Understanding classroom interaction: A case study of international
students classroom participation at one of the colleges in Malaysia. International Journal
for the andvancement of science & arts, 1, 91-99.

Mutemba, B. (2002). The relationship between students' concept evoked and represantation
used in solving tasks. In Malcolm, C., & Lubisi, C. (Eds.), Proceedings of the tenth annual
meeting of the Southern African Association for Research in Mathematics, Science and
Technology Education: Durban, South Africa: SAARMSTE.

National Council of Teachers of Mathematics (NCTM). (1989). Curriculum and evaluation
standards for school mathematics. Reston, VA, USA: NCTM.

Nakabugo, M. G., Opolot-Okurut, C., Ssebbunga, C. M., Maani, J. S., & Byamugisha, A.
(2008). Large class teaching in resource-constrained contexts: Lessons from reflective
research in Ugandan primary schools. Journal of International Cooperation in Education,
11, 85-102.

Neves, I. P., & Morais, A. M. (2001). Teacher’s ‘space of change’ in educational reforms: A
model for analysis applied to a recent reform. Journal of Curriculum Studies, 33, 451-476.

Niss, M., & Hgjgaard, T. (2011). Competencies and mathematical learning: Ideas and
inspiration for the development, of mathematics teaching and learning in Denmark,
(English edition). Roskilde, Denmark: IMFUFA.

Oliveira, E. d., Ens, R. T., Andrade, D. B., & Mussis, C. R. (2003). The content analysis and
research in the educational field. Revista Didlogo Educacional, Curitiba, 4( 9), 11-27.
OECD (1999). Measuring student knowledge and skills: A new framework for assessment.

Paris, France: OECD.

Osorio, C. (2004). Mulheres, poder e democracia. Outras Vozes, 9.

Osodrio, C. (2007). A socializagdo escolar: educagdo familiar e escolar e violéncia de género nas
escolas. Outras Vozes, 19.

Pedro, E. R. (1981). Social stratification and classroom discourse: A sociolinguistic analysis of
classroom practice. Stockholm, Sweden: Stockholm Institute of Education, Department of
Educational Research.

238



Pirie, S. (1998). Crossing the gulf between thought and symbol: Language as steppingstones. In
M. H. Steinbring, G. B. Buss, & A. Sierpinska, Language and communication in the
mathematics classroom (pp. 7-29). Reston, VA, USA: NCTM.

Poluha, E. (2004). The power of continuity Ethiopia through the eyes of its children. Stockholm,
Sweden: Eva Poluha and Nordiska Afrikainstitutet.

Ponte, J. P. (2006). Numeros e algebra no curriculo escolar. In I. Vale, T. Pimentel, A. Barbosa,
L. Fonseca, L. Santos, & P. C. (Eds.), Nimeros e algebra na aprendizagem da Matemética
e na formacgdo de professores — Actas do XIV EIEM (pp. 5-27). Lisbon, Portugal: SEM-
SPCE.

Popov, O. (1996). Estudo dos conceitos e métodos cientificos na escola primaria. Texto
apresentado no curso de estudios conceptuais e teoria do construtivismo organizado no
INDE-Bissau. Retrieved from
http://www.educ.umu.se/~popov/international/ TEXTO3.pdf

Porter, A. C., & Smithson, J. L. (2001, December). Defining, developing, and using curriculum
indicators (CPRE Research Report No. rr48). Philadelphia, USA: University of
Pennsilvania, Consortium for Policy Research in Education.

Retrieved from http://www.cpre.org

Prakitipong, N., & Nakamura, S. (2006). Analysis of mathematics performance of grade five
students in Thailand using Newman procedure. Journal of International Cooperation in
Education CICE Hiroshima University, 9, 111- 122.

Raywid, M. A. (2001). Viewpoints: Small by design: Resizing America’s high schools. NCREL.

Remillard, J. T. (1997, March). Mathematics teaching as improvisation: A problem for policy
implementation. Paper presented at the Annual Meeting of the American Educational
Research Association. Chicago, USA.

Robinson, M. (2002). Teacher reforms in South Africa: Challenges, strategies and debates.
Education Papers and Reports. Retrieved from
http://dk.cput.ac.za/cgi/viewcontent.cgi?article=1015&context=ed_papers

Robinson, W. P. (1973). Where do children’s answer come from? In 1. B. Bernstein, Class,
codes and control (pp. 202-234). London, UK: Poutledge & Kegan Paul.

Rotman, B. (1988). Towards a semiotics of mathematics. Semiotica, 72(1/2), 1-35.

Sapatinho, J. C., & Guibundana, D. (2009). Saber Matemética. Maputo: Longman
Mogambique.

Senk, S. L., Thompson, D. R., & Johnson, G. J. (2008, July). Reasoning and proof in high
school textbooks from the USA. Paper presented at the 11th International Congress on
Mathematics Education. Monterey, Mexico.

239



Serbessa, D. D. (2006). Tension between traditional and modern teaching-learning approaches
in Ethiopian primary schools. Journal of International Cooperation in Education, 9, 123-
140.

Sethole, I. G. (2006). Learners' perspectives on the incorporation of the everyday in
mathematics. PhD thesis. Johannesburg, South Africa: Faculty of Science. School of
Education.

Sfard, A. (2000). On reform movement and the limits of mathematical discourse. Mathematical
Thinking and Learning, 2, 157-189.

Singh, P. (2002). Pedagogising knowledge: Bernstein's theory of the pedagogic device. British
Journal of Sociology of Education, 23, 571-582.

Skovsmose, O. (2006). Research, practice, uncertainty and responsibility. Journal of
Mathematical Behaviour, 25, 267-284.

Stacey, k., & Vincent, J. (2009). Modes of reasoning in explanations in Australian eighth-grade
mathematics textbooks. Educational Studies in Mathematics, 3, 271-288.

Stemler, S. (2001). An overview of content analysis. Practical assessment. Research &
Evaluation, 7(17), 1-81.

Stigler, J. W., & Hiebert, J. (1999). The teaching gap: Best ideas from the world's teachers for
improving education in the classroom. New York, NY, USA: Free Press.

Sullivan, P., Warren, E., & White, P. (2000). Students' responses to content specific open-ended
mathematical tasks. Mathematics Education Research Journal, 12(1), 2-17.

Tall, D., & Vinner, S. (1981). Concept image and concept definition in mathematics with
particular reference to limit and continuity. Educational Studies in Mathematics, 12, 151-
169.

UNESCO (2005). EFA Global Monitoring Report 2006. Education for all: Literacy for life.
PariClass: UNESCO. Retrieved from
http://www.uis.unesco.org/Library/Documents/gmr06-en.pdf

UNESCO (2007). Education for all by 2015: Will we make it? EFA global monitoring report
2008. Retrieved from http://unesdoc.unesco.org/images/0015/001547/154743e.pdf

Viholainen, A. (2008). Prospective mathematics teachers' informal and formal reasoning about
the concept of derivative and differentiability. Jyvaskyld, Finland: Antti Viholainen and
University of Jyvaskyla.

Wagner, D., & Herbel-Eisenmann, B. (2008). “Just don’t”: The suppression and invitation of
dialogue in the mathematics classroom. Educational Studies in Mathematics, 67 , 143 -
157.

240



World Bank (2005). Mozambique poverty and social impact analysis: Primary school
enrollment and retention. The impact of school fees. Human Development Country
Department AFCO2 Africa Region.

Yackel, E. (2001). Explanation, justification and argumentation in mathematics classrooms. In
van den Heuvel-Panhuizen (Ed.), Proceedings of the 25th Conference of the International
Group for the Psychology of Mathematics Education, 1, (pp. 9-24). Utrecht, The
Netherlands: Freudenthal Institute.

Yan, Z., & Lianghuo, F. (2006). Focus on the representation of problem types in intended
curriculum: A comparison of selected mathematics textbooks from Mainland China and
the United States. International Journal of Science and Mathematics Education, 4, 609—
626.

241












