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Abstract

Students in Malawi perform very poorly in secondary school mathematics, and algebra in
particular. This has prompted the government of Malawi to introduce algebra as topics in the upper
primary school curriculum. The aim was to equip learners with algebraic knowledge and skills that
can give them a better background for later algebra learning in secondary school. However, much
as the introduction of algebra in upper primary school seems to be a solution to learners’ poor
performance in secondary school algebra, there is a need to find out how primary teachers teach
this algebra. Therefore, the main goal of this study is to investigate the introduction of algebra in
primary schools in Malawi. The study aims at finding out how teachers introduce algebra to
primary schools in Malawi, particularly in Standard (grade) 5 where algebra is introduced for the
first time as a topic. Using the Mathematical Discourse in Instruction framework, the study was
guided by the main research question “How do teachers introduce algebra to Standard 5 learners
in Malaw1?” The study sample comprised of three Standard 5 mathematics teachers from three
primary schools in the rural area of central Malawi. The study is a qualitative research study which
used lesson observations, document analysis (lesson plans) and interviews of the teachers as
methods of data collection. Video and audio recordings were also used to obtain rich data. The
study findings reveal that the three teachers who took part in the study lacked sufficient knowledge
on how to introduce algebra to Standard 5 learners. They used a traditional “fruit salad” approach
of introducing algebra. The examples and tasks selected by the teachers and provided for learners
were of the same type, with only one form of variation. The teachers’ word use was found to be
non-mathematical, for example, algebraic letters were introduced as names of objects. It was also
established that the teachers depend on teachers’ guide and learners’ books for information about
how to teach, so, lack of information in textbooks was a challenge for teachers. Basing on the
findings, the study concludes that it might be that the teachers have insufficient knowledge on
what resources, examples and tasks to use when introducing algebra to beginners. They also
expressed weaknesses on how to involve learners in the lessons so that collaborative learning is
promoted, and they showed to have inadequate knowledge on how to explain the algebraic

concepts to learners to achieve the object of learning.

Key words: Algebra in Primary school in Malawi, Standard 5, Procedural teaching,

Apprenticeship of observation, nonstandard problems, count on addition method
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Introduction
This study aims at investigating how algebra is introduced in primary schools in Malawi?, a case

study of three teachers in Standard 52. This chapter will present the background and context of the
study, statement of the problem, purpose of the study, research questions and significance of the
study.

1.1 Background and the concept of algebra
Algebra is taken as one of the most important area of mathematics of which Carraher and

Schliemann (2007), conceives as a key to problem solving, and also as the area of mathematics
that develop students’ abstract thinking more than other areas (Star et al., 2015). However, algebra
is considered as a difficult area of mathematics because of its nature of generalization and
abstraction. Students in many countries (Kieran, 2006), do not do well in secondary school algebra.
As a solution to the problem, some countries have introduced algebra in the primary school
curriculum, believing that this can help students develop an enlarged sense of the equal sign, to
represent unknown quantities with letters, to represent relations with variables, and to formulate
and solve equations (Wang, 2015). Mastery of principles and representations of algebra by learners
in primary school, can lay a better foundation for later algebra learning, and deepen their

understanding of the properties of the number systems.

Malawi just like other countries experience problems of students’ poor performance in
mathematics in general, and algebra in particular. Mean performance reports of students in
mathematics in Malawi dates back in 2007, (SACMEQ, 2010). In an attempt to overcome the
problem of poor performance in mathematics, particularly in the area of algebra, the government
of Malawi through the Ministry of Education (MoE) and Malawi Institute of Education (MIE),
introduced algebra as a topic among other mathematics topics in the upper primary school
curriculum in 2007, that’s starting from Standard 5 (MIE, 2007, pp. 80-82). The aim was to make
sure that learners are equipped with knowledge and skills of algebraic concepts that will give them
a better background for later algebra learning in secondary school. It is believed that adequate
practice with algebraic language as early as Standard 5 can help learners acquire the basic algebraic
knowledge needed for secondary school algebra (MIE, 2008 p. 134).

! Primary school education in Malawi comprises of eight years referred to as Standard 1 to Standard 8.
2 Standard 5 in Malawi is the same as Grade 5.



Various study findings in Malawi have shown that students perform poorly in secondary school
algebra in Malawi. For example, the results from the regional standardized tests, the Southern
Africa Consortium for Monitoring Educational Quality in Mathematics (SACMEQ, 2010), show
that Malawi performs very poorly in mathematics in general, and algebra in particular. Malawi
came second from last out of the fourteen participating countries in the SACMEQ test in 2010
(Jakobsen, Kazima, & Kasoka, 2018). Another report of students’ poor performance in
mathematics, and algebra is that of an assessment research exercise that was conducted by Malawi
Teacher Professional Development Support (MTPDS) in 2010, which investigated the level of
mathematics skills that students in Malawi have. It was established that students in Malawi are
performing much far below the expected standards (USAID, 2010). Kazima and Jakobsen (2013),
through the project, “Improving the quality and capacity of mathematics teacher education in
Malawi,” also observed that the very low mathematics, and algebra levels, show among other
things, that the teaching of mathematics and algebra in primary schools is not being effective.
Jakobsen, Kazima and Kasoka (2018) suggests that teacher quality seems to be one of the main
causes of ineffective teaching, hence, low performance. With all these findings, very little has been
said about investigating how teachers introduce algebra to young learners in Malawi. Apart from
introducing algebra in primary schools, there is also a need to investigate how teachers introduce

this algebra to learners, especially in standard 5.

Many teachers in primary schools in Malawi teach mathematics and algebra in a procedural way,
they start teaching by presenting the examples which are followed by exercises which are taken
from the textbooks (Kazima & Jakobsen, 2013). Wang (2015), also observed that different
countries also use a procedural® way of teaching algebra. This might be due to lack of expertise in
handling the subject, which Khalid (2009) notices that can hinder effective algebra teaching.
Rubenstein and Thompson (2002) observes that classes are one of the few places where learners
can freely express themselves mathematically, yet teachers do not provide such opportunities to
learners. Instead of making lessons interactive, teachers do not involve learners much, the
resources they use sometimes are not relevant for the teaching of the concept being taught, and the
examples and tasks presented in most cases do not encourage learners to think critically (Walters,
2014). As a result, many learners do memorize the algebraic concepts passively, without

3 Procedural teaching , teaching starting by giving learners examples from the textbooks, followed by exercises
similar to the examples for learners to practice.



understanding them. The questions remain, can the inclusion of algebra in primary schools in
Malawi really matter? How is the concept of algebra introduced to learners in primary schools in

Malawi? There is more into this that needs to be investigated, hence the purpose of the research.

1.2 Problem Statement
Malawi MoE introduced algebra as a topic in primary school curriculum with an aim of improving

students’ performance in algebra, which Grouws (2007) call it a stumbling block in school
mathematics. The introduction of algebra in primary schools in Malawi seeks to address the
problems of students poor performance, however, there is need to find out how algebra is
introduced to learners in primary schools. Grouws (2007) explains that many teachers present
algebra to learners traditionally, as readymade artefacts. They rarely provide learners with
opportunities to explore and discover new concepts on their own. Frade, Acioly-Regnier and Jun
(2013), explains that teachers need to engage learners in classroom activities which can help them
develop ways of thinking about problem solving. One of the reasons for poor performance of
learners in algebra might be the way teachers introduce algebra in primary schools. Khalid (2009)
explains that effective teaching requires teachers to decide what aspects of a task to highlight, how
to organize and orchestrate the work of learners, what questions to ask learners, having varied
levels of expertise, and how to support learners without taking over the process of algebraic
thinking for them. In this view, investigating how teachers introduce algebra to beginners in

Standard 5 in primary schools in Malawi is important.

Tsang, Mohammad and Shahrill (2014) argues that it’s the teacher who designs the learning
activities, and leads the class in those learning activities, for effective learning to take place. The
way teachers teach can bridge the existing learners’ knowledge gap or widen it. As Kieran (2006)

puts it out:

Little expertise in algebra can lead to the use of the knowledge that primary school
teachers themselves got from their secondary schooling. This can make it difficult for
them to engage primary school learners in activities that can effectively prepare them

for later algebra learning (pp. 27-28).

This study is therefore designed to investigate how teachers introduce algebra in Standard 5 by
specifically finding out what resources, examples and tasks teachers use when introducing algebra,

how they explain algebraic concepts and how they involve learners to ensure learner participation

3



in the lessons. Understanding what goes on in the classroom in regard of how algebra is introduced

in Standard 5 may help in exploring on more ways of supporting learners’ learning of algebra.

1.3 Purpose of the study
Literature has shown that much research has been done on the benefits of introducing algebra in

primary schools (Cai & Knuth, 2011; Kieran, 2004; National Council of Teachers of Mathematics,
2000). It has been revealed that when learners are introduced to algebra in elementary (primary)
school, they can gain experiences that can better prepare them for formal study of algebra in the
later grades (NCTM, 2000). As MIE (2008) specifies, the knowledge which learners get from the
teaching of algebra in primary school lays a foundation for later algebra learning in secondary
schools. However, this can be possible if and only if algebra is introduced to learners in such a
way that learners are given opportunities to acquire the prerequisite knowledge and skills needed
for secondary school algebra. Nevertheless, it’s the way how teachers introduce algebra to learners
in primary schools that can enable learners acquire or not to acquire the necessary knowledge and
skills that will make both teachers and learners see the value of learning algebra in primary
education. Thus, the main objective of this study is to investigate how algebra is introduced to
learners in primary schools in Malawi. Using lesson observations, interviews and document
analysis, the study will explore on how teachers introduce algebra to Standard 5 learners as
beginners by focusing on examples, resources, explanations, tasks and learner participation during

lessons.

1.4 Research Questions
The research questions have been developed from the research topic to facilitate the investigation

on how teachers introduce algebra in primary schools in Malawi. The main research question for
the study is: How do teachers introduce algebra to Standard 5 learners in Malawi? To answer this

question, five specific research questions have to be investigated, and these are:
1. How do teachers explain the algebraic concepts to Standard 5 learners?

2 (a). What type of resources, examples and tasks for learners do teachers use to introduce
algebra in Standard 5?

2 (b). What argument do teachers give for the resources, examples and tasks they use to introduce

algebra in standard 5?

3. What opportunities are provided for learners’ participation?

4



4. How do Standard 5 learners participate in algebra lessons?

1.6 Significance of the study.
The research is believed to be relevant to all stakeholders concerned with primary school teaching.

This includes the Ministry of Education, the Malawi Institute of Education as curriculum
developers, teacher educators, teachers and learners. The Malawi MoE is included because it funds
the education activities. It is through MoE that in service trainings can be intensified to help
teachers acquire knowledge on various ways of introducing algebra in primary schools in Malawi
as suggested by other researchers, as well as my own study. MIE as curriculum developers who
will know what sort of examples, tasks and instructions need to be included in the instructional
materials so that teachers are guided properly in their teaching. The findings of the study might
give a gist to MIE to see if there is need to review the work on algebra in the teachers’ guides, or
develop supplementary reference materials for algebra to help teachers have access to required
information for the teaching of algebra in primary schools in Malawi. Teacher educators are the
ones responsible for training primary school teachers, hence they need to know what is happening
in the classroom so that they reflect on their teaching approaches and improve where necessary.
The study will be helpful to teachers by providing recommendations which teachers should follow
if there is need for improvements, and that they should introduce learners to algebra in the way
that they understand the basic algebraic concepts. Furthermore, the findings of this study will be
disseminated to all concerned stake holders through the provision of copies of the thesis. Should
opportunities be there, the research findings will be shared at educational conferences, and at
Teacher Training College (TTC) levels. This will be done during Continued Professional
Development (CPD) meetings for the benefit of all the mathematics teachers and also through in-

service trainings to practicing teachers in primary schools for improvement purposes.

1.7 Chapter summary
The chapter has introduced the research study. It has discussed the aim of the research study, the

background and context of the study, statement of the problem, and purpose of the study, the
research questions and significance of this research study to different stakeholders. Following this

chapter is the literature review.






2 Literature Review and Theoretical Framework
This chapter gives an overview on research on the teaching of algebra in primary schools focusing

on the use of resources and symbols. It also discusses the theoretical framework which underpins
this study, describing object of learning, exemplification, explanatory talk and learner participation

which are the elements of the Mathematics Discourse for Instruction (MDI) framework.

2.1 The Teaching of Algebra in Primary Schools.
Teachers should be aware of the necessary approaches of introducing algebra to beginners in

primary school in order to avoid misconceptions which McNeil and Alibali (2005) suggest can
create barriers to the learning of formal algebra once learners have internalised them. As a
prerequisite for an effective algebra lesson, teachers must be competent in the subject content
knowledge and possess good pedagogical skills (Shahril & Mundia, 2014). Primary school algebra
aims at infusing arithmetic activities with algebraic concepts to bring out the algebraic character
(Roberts, 2012). As such, teachers must be knowledgeable on how to introduce algebra to primary
school learners so that the algebraic foundation is properly laid. For learners to be successful in
algebra learning, they need to be exposed to algebraic ideas that would help them make
connections between properties of arithmetic and algebra (Walters, 2014). Teachers must
understand that algebra is generalized arithmetic and should strive to instil the same in learners.
Molina, Rodriquez-Domingo, Canadas and Castro (2017) argues that lack of understanding of
algebra as generalised arithmetic can cause difficulties in structuring algebra. Primary school
algebra requires learners to demonstrate an understanding of variables as changing quantities
represented by letters, understanding given equations as relationships, letters as unknown
quantities and also develop a sense of variation (Roberts, 2012). Alternatively, Wang (2015)
explains that when teaching algebra in primary school, teachers should focus on the relations,
operations, representations, letters and numbers, letters as unknowns, variables and parameters,
unclosed literal expressions, equivalence numerical evaluation and refocusing on the meaning of

equal sign.

2.2 Use of Resources, Letters, coefficients, symbols and signs.
According to Chick and Harris (2007), few teachers are aware of the kinds of algebraic ideas that

can be fostered in primary school. Frade et al. (2013) discovered that the Chinese elementary
school curriculum encourages learners to use both arithmetic approach and algebraic approach to

solve problems. It is believed that this helps learners develop problem solving skills that assists
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them during formal algebra learning. A study conducted on how teachers introduce algebra in
China and Singapore, revealed the use of the three new ideas for teaching algebra (Cai & Moyer,
2008), which are through pattern, symbolic and function approaches. In Singapore, for example,
Frade et al. (2013) write that elementary mathematics, algebra inclusive, provides a wide variety
of experiences such as the use of “model methods” or “pictorial equations” to help children
develop algebraic thinking. In contrast, many countries use the traditional fruit salad approach with
variables representing names of objects, for example, “a” for apples and “b” for bananas (Knapp,
2016). Kuchemann (1981) argues that the letters introduced through a traditional fruit salad
approach are usually treated as labels or names of objects and not as unknowns. Epp (2011)
explains that, letters in an algebraic expression, equation or number sentence represent variables
or unknowns. Cai and Knuth (2011) asserts that the use of literal symbols in algebra poses
challenges in algebra learning. It is argued that learners start viewing literal symbols as labels for
objects, i.e., thinking that D stands for David or anything that starts with a letter D. Alternatively,
where students think of literal symbols as numbers, they usually believe that the literal symbols
stand for specific numbers only. Similarly, McNeil et al. (2010) argue that the use of fruit salad
approach strengthens learners’ naive conception that letters in algebraic expressions stand for
objects instead of quantities. Knapp (2016) explains that countries like Australia and Fiji had
experienced the same fruit salad algebra approach, but upon realizing that the approach does not
have the potential to help reinforce the concept that variables represent numbers rather than
objects, they changed the teaching approach. They resorted to a teaching approach that encourage
algebraic thinking through the use of simple problems about numbers that motivate conjecture and

discussion, reasoning, solving and verification (Knapp, 2016).

Leung, Park, Holton and Clarke (2014) explains that in some countries the concept of equivalence
in algebra is introduced by using a balance model approach. The balance model approach, as
Kieran (2018) points out, has been proven by many researchers as suitable for demonstrating the
idea of equality and quantitative sameness. An equal sign should be used as a relational symbol
showing equivalence, and the context of non-standard form should be properly explained to
learners so that the equality relationship between the quantities on each side of the equation or
number sentence is highlighted (Vincent, Bardini, Pierce & Pearn, 2015). In South Africa, studies
show that the introduction of algebra into the primary curriculum was initially by name because

teachers did not know how to teach algebra to primary school learners (Roberts, 2012). It is said
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that teachers did not even have an apprenticeship* of observation knowledge for teaching algebra
in primary schools (Roberts, 2012). There was no meaning of algebra in the work presented to
learners. Later, algebra teaching was improved after teachers were provided with a more detailed

guidance on how to teach algebra in primary schools (Roberts, 2012).

According to Kullberg, Kempe and Marton (2017), algebraic concepts should not be presented to
learners as readymade symbolic entities but should base on problem situations that can lead to
symbolization. The activities should be designed to enable learners experience the desired patterns
of variation that will help them learn (Lo, 2012). The MDI framework (Adler & Ronda, 2015) say
that in order for the examples to be of high quality (high rank, what they call level 3) examples
should provide learners opportunities to experience more than two forms of variation in more than
one episode, while with low ranking examples (level 2 and level 1), examples should provide
opportunities for learners to experience two forms of variation and one form of variation
(respectively). However, there has been limited research on how teachers introduce algebra in
primary schools in many countries (Knapp, 2016), despite that research can help teachers to come
up with new teaching approaches that can help learners learn algebra better. Therefore,
investigating how teachers introduce algebra in primary schools in countries such as Malawi is
needed, for this can unveil the strengths and weaknesses that are encountered in introducing

algebra to beginners, and that necessary measures can be put in place.

2.3 Theoretical Framework
Numerous frameworks have been developed in order to investigate and improve the teaching of

algebra, for example, the Kuchemann’s levels of understanding letters in algebra
(Kuchemann,1981), the Knowledge for Algebra Teaching (KAT) framework (Huang, 2014) and
the variation theory of Marton and Tsui (Kullberg et al., 2017) , to mention but a few. All the
theories and frameworks aim at examining the effectiveness of the teacher in combining content
and pedagogy to make learning possible. This study is grounded in the MDI framework, which
was developed by Adler and Ronda at the University of the Witwatersrand (Wits-University) in
South Africa. The aim of the framework was to provide a nuanced interpretations of mathematics
made available to learn (Adler & Ronda, 2015). The MDI framework has been chosen for this

4 Apprenticeship of observation is a phenomena whereby teachers tend to apply in their teaching the knowledge
and skills they got through observing their teachers teaching them as school children.
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study because it is a framework that enables a description of mathematics made available to learn
in a lesson, how the lesson goal needs to be mediated, and so exemplified and elaborated (Adler
& Ronda, 2017). The framework provides an ability to stay close to what teachers do in a lesson,
how examples are offered, how words are used to name the mathematics being talked about, how
explanations are built on what is supposed to be taught and be done, and how learners are invited
to participate in the lessons (Adler & Rhonda, 2015). The figure below shows the elements of the

MDI framework:

Object of learning

——_ -

Learner
Exemplification Explanatory Talk Participation

—— — 3

Examples Tasks Naming Legitimations

Figure 1: Constitutive elements of the MDI framework and their interrelations, (copy from:
Adler & Ronda, 2015, p 3)

Algebra as an abstract entity requires to be exemplified and explained properly so that learners
understand it. Teaching of algebra is considered to have taken place if there are examples and tasks
which are accompanied with explanations. Examples, tasks and explanations are considered as the
common practices in algebra teaching and are often used to focus learners’ attention towards the
object of learning (Adler & Ronda, 2015). Explanatory talk forms part of active interaction
between teacher and learners, and amongst learners themselves. Learner participation relates to
what the learners are invited to say, write and reason mathematically (Adler & Ronda, 2015). The
approaching subchapters provide more information about each of the components of the MDI

framework presented in figure 1.
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2.3.1 Object of learning
Learning is about bringing into focus the central idea of teaching, the object of learning (Adler &

Ronda, 2015). The role of the teacher is to bring the object of learning into learners’ focus through
the use of proper exemplification, explanatory talk and learners’ participation (Adler & Ronda,
2015). The object of learning can be described as the lesson goal that teachers usually announce
at the start of the lesson or write on the board, focusing on the content and the capabilities of
learners in respect to that content. This is what learners need to know and be able to do.
Exemplification, explanatory talk and learner participation stand in between the object and the

subject, and are pathways to achieving the object of learning.

2.3.2 Exemplification.
Exemplification includes the examples, tasks and representations. This looks at what examples are

used, what are the associated tasks, and what representations are used.

Examples

This is the sequencing of, and variation across a succession of examples as well as teachers’
attention to choice and use of examples in their teaching (Adler & Ronda, 2015). Examples must
be selected as particular instances of the general case in focus and for drawing attention to relevant
features (Marton & Pang, 2006). Teachers need careful analysis of the examples before selecting
which ones to use. Examples must be selected according to the levels and forms of variation they
display. This study will focus on similar (level 1) and contrasting (level 2) examples because of
the level of the class of my study, however fusion examples (level 3) will be taken into
consideration if used. A set of examples is judged as level 1 if the sequence of examples displays
only one form of variation, and as level 2 if at least two forms of variation are displayed. Where
there are opportunities for learners to experience more than two forms of variations, a set of

examples is judged as level 3.

Tasks

Tasks can be defined as what learners are asked to do with the various examples presented. Tasks
are designed to bring capabilities to the fore (Marton & Tsui, 2004). Tasks require different actions,
at different levels of complexity or cognitive demand, and so in this way can make available
different opportunities for algebra learning. According to Ronda and Adler, (2017), tasks must

have the potential to engage the learners to make connections among features of mathematical
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content. According to MDI framework, Adler and Ronda (2015), there are tasks that require
learners to carry out known (K) operations or procedures which are classified as level 1, tasks that
require K and some application (A), and these are classified as level 2, and level 3 tasks with K
and/ or A and C/PS (Adler & Ronda, 2015).

2.3.3 Explanatory Talk
The purpose of explanatory talk is naming and legitimating the mathematical issues discussed in

examples or tasks (Adler & Ronda, 2015).
Naming

Naming is defined as the use of words to refer to other words, symbols, images, procedures or
relationships (Adler & Ronda, 2015, p. 244). Naming is considered as the use of colloquial (non-
mathematical) and mathematical words within and across episodes of a lesson. It is categorized in
levels. Level 1, talk is colloquial, non-mathematical (NM) whereas level 2, mathematical language
is used appropriately, and there is movement between NM and MS, some MA, while level 3 is

where there is movement between NM and MA.
Legitimating

The legitimating criteria is non mathematical (NM), if there is everyday knowledge (E), visual
cues (V), assigning authority to the position (P) of the speaker of the statement, the teacher. NM
in legitimation is classified as level 0. Criteria of what counts as mathematical that are particular
or localized is (L) and level 1, another criteria is where there is partial generality (PG), and full
generality (FG). Level 2 is where the legitimating criteria is beyond NM, L and include PG. Level
3 is where the criteria is FG (Adler & Ronda, 2015).

2.3.4 Learner participation
Learner participation is about doing maths and talking maths. It is concerned with what learners

are invited to write and say, apart from doing the tasks assigned to them. When learners are given
opportunities to answer yes/ no questions or offer single words to teachers unfinished sentence, its
(Y/N), where learners answer what/ how questions in phrases/ sentences is (P/S), and opportunities
for learners to answer why questions, present ideas in discussion, teacher revoices, confirms and

asks questions is (D) (Adler & Ronda, 2015). Learner participation is specifically about whether
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learners have opportunities to speak or non-verbally display mathematical reasoning. Learner

participation also seeks to find out if learner activity builds towards the learning goal.

2.4 The Malawi context
Malawi, a small landlocked country, with an area of 118484km? (Masperi & Hollow, 2008) follows

an education system of 8-4-4 pattern comprising of the primary, secondary and tertiary levels.
English is the school and official language of communication. The current recommended age for
enrolment into Standard 1 is six years. This means that primary school learners are aged between
6 and 13 years old, and Secondary School caters for 14 to 17 years old students. However, classes
are of a mixture of different ages in both primary and secondary schools respectively, and in
secondary there can be students of more than 17 years. This is because some children enrol in

Standard 1 when they are older than six whereas others repeat classes due to various reasons.

Primary education consists of eight years in primary school, divided into three sections: The infant
section (Standard 1 and 2), the junior section (Standard 3 and 4) and the senior section (Standard
5, 6, 7 and 8). In Standard 8, learners take the Primary School Leaving Certificate Examinations
in order to gain access to secondary school education (Jakobsen, Kazima, & Kasoka, 2016;
Masperi & Hollow, 2008). Secondary school education lasts for 4 years and is split into two
sections, the junior section and the senior section. At the end of secondary school, students take
Malawi Schools Certificate of Education national examinations, this is equivalent to the ordinary
level (general certificate of education) (Jakobsen, Kazima, & Kasoka, 2016). The duration for
tertiary education depends on the specifics of the chosen courses, but it ranges from two years to

four years, and in very rare situations it goes up to five years.

The Numeracy and Mathematics curriculum in Malawi aims at developing learners’ critical
awareness of the mathematical relationships in social, cultural and economic context (MoE, 2004).
However, in the early years, the curriculum aims at enabling learners to count and carry out basic
mathematical operations. The Malawi numeracy and mathematics curriculum has six core
elements (broad areas). These are: Number operations and relationships, Patterns, functions and
algebra, Space and shape, Measurement, Data handling and accounting and business (MIE, 2007).
These core elements are for the whole primary curriculum, but the difference is on the depth of
coverage in each standard. For instance, standard one learners learn patterns only from the core

element “patterns, functions and algebra” (MIE, 2007). Patterns, functions and algebra is the broad
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area which covers algebra. This shows that learners are exposed to some elements of algebra right
away from Standard 1. However, algebra is introduced as a topic (text book chapter), among other

topics in Standard 5 under the core element of Patterns, functions and algebra.
Introduction of algebra in primary school curriculum in Malawi

The teaching of algebra in Standard 5 in Malawi aims at instilling in learners the skills of writing
number sentences, completing number sentences and solving algebraic expressions (MIE, 2007,
p. 80). For learners to understand these concepts in earlier grades, Walters (2014) argue that their
teachers need a solid understanding of both the content and the instructional strategies, as well as
the resources to use in order to support the teaching and learning. Teachers should use the thinking
of learners (Walters, 2014), to introduce and teach algebra for learners to understand the new
concepts better. As mentioned earlier on, algebra in Malawi is introduced as a topic among several
other mathematics topics that are taught in Standard 5. As a result, teachers in most cases present
algebra to learners in the same way they do with other arithmetic topics. Walters (2014)
recommends that arithmetic should provide learners prerequisite knowledge and skills for the
introduction and learning of algebra. Knowing what learners need to learn, and how to link
arithmetic to algebra in the introductory stage of algebra, can reduce errors and misconceptions in
algebra learning. For example, Ormond (2012) argues that teachers’ use of objects to solve the
problem 4b + 5b = 9b should not always aim at finding a single answer as 9b. Booth (1988)
clarifies that the focus of activity in algebra is not on finding a specific numerical value. Teachers
should show learners, for instance, that 4b + 5b can also have a solution as 4b + 5b = 7b + 2b.
Instilling such an idea in learners can help to minimize errors such as 4a + 5b = 9ab (Ormond,
2012). Kilpatrick, Swafford and Findel (2001) explains that elementary school algebra should
focus on representing relations and not to be answer-oriented (p. 261).

2.4 Chapter summary
This chapter has discussed the teaching of algebra in primary schools globally. It has looked on

how algebra is introduced to primary schools in different parts of the world. It has discussed the
types of resources and approaches used by different countries to introduce algebra. The chapter
has also presented recommendations by different researchers on how to introduce algebra to

beginners and what literature has said on the use of operational symbols and equal signs. The
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chapter has also discussed the MDI framework and its four elements, thus, exemplification,

explanatory talk and learner participation. The next chapter presents the methods part of the study.
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3 Method

The research methodology part describes the research design, the pilot study, sample, data
construction, instruments used for data collection, instrument administration, validity and

reliability, data analysis, ethical considerations and limitations of the study.

3.1 Research Design
This research study used a descriptive qualitative research design. A descriptive qualitative

research design allows the researcher to study the phenomenon (teaching of algebra) as it occurs
in the natural settings without any intervention or manipulation of variables (Nassaji, 2015). The
goal of this research is to investigate the teaching of algebra in primary schools. Data triangulation
was done in order to obtain rich data from different sources that would provide a deeper
understanding of individual participant’s opinions, perspectives and attitudes. As Noble and Heale
(2019) stipulates, triangulation of data sources helps to increase reliability and validity of the
research findings by ensuring that fundamental biases that arise from a single observer are
overcome. Creswell and Poth (2018) describe triangulation as where researchers make use of
multiple and different data sources, methods, investigators and theories to provide corroborating
evidence for validating the accuracy of the findings of the study. Different data sources were used

to collect information to answer the specific questions of this research study.

3.2 Pilot Study
Before data collection was done in the schools involved in the research project, a very small pilot

study was conducted. This was done at one school only in one of the districts of the central region
of Malawi. One Standard 5 Mathematics teacher volunteered to be observed teaching and later on
interviewed, during the consultations. The main aim of this pilot study was to be sure if the
questions in the lesson observation and interview guides could make the participants provide
responses in line with this study. As Teijlingen and Hundley (2001) explains, a pilot study provides
advance warning about where the main research project could fail, where research protocols may
not be followed, or whether proposed methods or instruments are inappropriate or too complicated.
During the lesson observation, the observation checklist proved to have included the required
indicators that would provide information to the specific research questions of the main research
project. However, the answers given in the interview with the teacher after the lesson observation,
indicated that this teacher was not interested in this pilot study despite being a volunteer. However,

there was no alternative way to go about since there are no parallel classes for Standard 5 in this
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school, and there is only one mathematics teacher for Standard 5. Due to time constraints, the
researcher did not do another pilot study. The researcher went on to collect data for the main

research study using the same lesson observation and interview guides, there were no changes.

3.3 Sample
This study used convenience sampling because of limitation in the project resources and time. This

also made it difficult to achieve a more rigorous probability sampling. The sample was drawn
without any underlying probability-based selection method. Only those willing (volunteers) to
participate in the study were involved. As Etkan, Musa and Alkassim (2016) explains, convenience
sampling is affordable, easy and the subjects are readily available. Three schools, from one district
in the central region of Malawi took part in the study. The schools were chosen because they were
within reach of the researcher. All the three schools have no parallel classes for Standard 5. From
each school, one mathematics teacher volunteered to participate in the study, hence a total number
of three mathematics teachers. The number of learners involved in this study were as follows:
School A had 63 learners, 29 boys and 34 girls, school B had 87 learners, 46 boys and 41 girls,
and School C had 93 learners, 52 boys and 41 girls. In total, 243 learners were present on the days

of the observation and took part in the study. However, the study’s main focus was on the teachers.

During the researcher’s first visit to the three schools, the head teachers for the three schools were
briefed about the research project. They were also requested to identify the Standard 5 mathematics
teachers who could be the candidates for the research project. After the teachers were identified,
the researcher briefed them of the study. The teachers were asked if they would voluntarily
participate in the study. They were given the letters of consent and were also told about the lesson
observations, the interviews, the collection of their lesson plans as documents to analyse, and about
the video recordings that were to take place. The learners were informed about the research project
and also about their freedom of participation. The letters of consent to parents were distributed to
the parents through the Parent Teachers Association (PTA) meeting. All the learners present on
the day of the observations, gave consent and participated in the study. However, one teacher from
school C though initially gave consent to the video recordings, on the day of observation, she
decided to withdraw her consent to be video recorded. The decision made by this teacher was
respected. Moreover, this particular teacher did not hand in the lesson plan to the researcher to be
photocopied. When requested about the lesson plan, she said that she did not prepare a lesson plan

for a mathematics lesson on that particular day.
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3.4 Data Construction
The study aimed at answering the following main research question: How do teachers introduce

algebra to Standard 5 learners in Malawi? The five research questions guided the collection of data

in the following way:
1. How do teachers introduce (explain) the algebraic concepts to Standard 5 learners?

The researcher wanted to find out how teachers introduce the concept of letters to learners (letters
as variables that can stand for multiple values), explain the meaning of an equal sign in an equation,

(a number sentence), and the meaning of a coefficient.

2(a). What type of resources, examples and tasks for learners do teachers use to introduce algebra
in Standard 5?

The researcher wanted to find out what resources teachers use to introduce algebra to Standard 5
learners, for example, the use of representations. The researcher wanted to construct data on how
the teachers used the resources they had in their lessons, and how they selected the examples and

tasks for the learners.

2(b). What arguments do the teachers give for the use of the resources, examples and tasks to

introduce algebra in standard 5?

The research question guided the researcher to conduct interviews with the participants seeking to
find out the reasons why they decided to use the resources they used. The researcher also wanted
to find out from the participants why they selected the examples they used during the lessons and

how they selected the tasks for the learners.
3. What opportunities are provided for learners’ participation?

The researcher wanted to find out how the teachers provided learning opportunities for learner
participation. This includes the opportunities in terms of structuring practices, student-oriented
practices and enhanced activities. In the three categories, the researcher was looking for the
opportunities that the teacher gave learners to explore and discover the new concepts and the object
of learning. The researcher wanted to find out the type of activities that teachers provided for
learners to help them define and understand the object of learning, and how this helped them to

make connections of mathematics being learnt to real life situations.
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4. How do Standard 5 learners participate in algebra lessons?

The researcher wanted to construct data on how learners participated in the lessons. That is whether
teachers allowed learners to work together collaboratively, sharing ideas, presenting ideas about
the mathematics learnt, and evaluating each other, which can be done through: small group

discussions, whole group discussions, and pair work or through activity or verbal or individually.

Data was collected through lesson observations, interviews and document analysis as well as audio
visual and audio materials. Lesson observation and interview guides were developed as
instruments for collecting data and the focus was on the details of specific questions of study.

Lesson plans were photocopied for analysis.

3.4.1 Lesson Observations and video Recording of teaching
Observations is one of the major techniques for collecting data in qualitative research (Creswell,

2013, p. 166). During observations, the researcher can be a participant observer, or a non-
participant observer or a complete observer (Creswell, 2013). In this study, the researcher was a
non participant observer who did not participate in the classroom activities, but just observed the
participants teaching. Creswell and Poth (2018) explains that observations help the researcher to
have first-hand experience with the participants; the researcher gets an insight into the real things
that people do, rather than what they say or think they do, and information can be recorded as it
occurs. Susuwele-Banda (2005) claims that sometimes what teachers claim to know about their
teaching is not what is reflected in the real classroom practices. It is in this view that during
observation, the researcher can notice unusual aspects which could otherwise not be noticed if

observation was not done.

The main objective for choosing observations as a method of collecting data was to gather first-
hand information on how Standard 5 mathematics teachers introduce algebra in Standard 5, being
the class where algebra is introduced for the first time as a topic in primary schools in Malawi.
During the observations, the focus was on the resources the teachers used, the selection of
examples and tasks for the learners, the introduction and explanations of the letters, the equal sign
and the coefficient. The researcher was also looking for information on the opportunities for
learner participation that the teachers gave learners during the lessons and how the learners were
involved to participate in the lessons. All the three teachers from the three schools allowed me to

observe them teaching and each teacher was observed once. A lesson observation guide was
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designed to focus on the details of the specific questions of the study. However, research question

2b was not addressed using the observations.

Nevertheless, using observation can be problematic in ways that sometimes participants might not
feel comfortable with the researcher in the class; as such, they might behave in a way not as they
would normally do (Creswell, 2009).The learners and even the teacher may act differently in a
classroom if there is an observer than they would do if there was no observer around them. In
addition, if the researcher does not have good observational skills, accurate recording of some
important quotes for inclusion in field notes can be a challenge (Creswell, 2013). In this study,
these limitations were dealt with by visiting the classes before the actual observation day. This was
during the first visit when the researcher briefed the teachers and learners about the research
project. This helped the teachers and the learners as well as the researcher to get to know each
other. Moreover, the pilot study which was conducted also helped the researcher to have an
experience on how the observations should be done. The researcher also video recorded the lessons
so that every important quote that was missed out in the field notes written during the observation

time, was recaptured.

3.4.2 Interviews
This study also used interviews to collect data apart from the lesson observations. Interviews are

used to source out information that cannot be directly observed such as from opinions, beliefs,
feelings and perceptions (Merriam, 2001).The researcher asks the participants questions and get
responses from them. The researchers conducted one-on-one in-depth interviews with participants
who have experience with the phenomena under investigation (introduction of algebra in Standard
5). From the different forms of interviews; structured, unstructured, semi-structured and focus
group interviews (Cohen, Manion, & Morrison, 2007), this study used one-on-one semi-structured
interviews. As Creswell (2013) asserts, one-on-one semi-structured interviews allow for flexibility

of the researcher to diverge from the original question in order to follow a response in more detail.

The same three Standard 5 mathematics teachers who participated in lesson observations were
interviewed. In these interviews, the participants were asked to explain more about why they chose
to use the resources they used in their lessons, where they got the examples from, how they selected
the examples and tasks for the learners, where they got the explanations of algebraic concepts

from, the opportunities that they were supposed to provide to learners during the lessons and how
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they involved learners in their lessons. However, according to Creswell (2009), during interviews,
the presence of the researcher may bias the responses of the participants, they can withhold some
information. The limitation was dealt with by building a rapport with the respondents in order to
make them feel comfortable. Before the interviews, the researcher assured the respondents that the
interviews were merely for study purposes, and not for their professional evaluation. They were
assured that their names and details would not be revealed, and that all reporting was going to

present participants anonymously.

3.4.3 Document Analysis
Creswell (2013) describes documents as written or printed materials that have been produced in

some form. Examples of documents that could be analysed in schools may include tests, registers,
schemes of work, lesson plans, and progress books. This study used lesson plans as documents to
analyse. Lesson plans were chosen because they contained data that could corroborate evidence
from lesson observations and interviews. This way of collecting data helps the researcher to get
hold of the information in an event where the lesson proceeded differently just because it was
under observation. As Bowen (2009) argues, documents are unobtrusive and non-reactive, they
are unaffected by the research process. In addition, data contained in lesson plans as documents,
can provide supplementary research data to enrich the data collected from lesson observations and
interviews (triangulation). Information obtained from the document helped to answer all the

specific research questions of this study except for research question number 2b.

3.5 Instruments Used
The main instruments that were used to collect data for this study were lesson observation and
interview guides.

3.5.1 Lesson Observation Guide
To avoid researcher’s bias that might arise from selective recording of information (Baker, 2006),

an observation guide was used (see Appendix 2). The observation indicators in the observation
guide helped the researcher to focus on the information required to answer the specific research
questions, and recording of the notes. The observation guide had indicators on the resources used
and how they were used, and on the examples and tasks used. It also focused on the organization
of lesson activities; that’s how the teacher involved students in a lesson, the opportunities provided
for learner participation and the teachers’ explanations of the algebraic concepts that are found in

the Standard 5 mathematics text books. The algebraic concepts that Standard 5 learners need to
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know include the meaning of number sentence, the coefficient, the use of equal sign in a number
sentence and the meaning of letters in algebra. The observation guide was developed to suit the

aim of the research, and it was designed to answer the specific research questions.

3.5.2 Interview Guide
An interview guide for interviewing teachers was developed to find out how algebra is introduced

in Standard 5 in Malawi (see Appendix 3). The focus was on what resources teachers used, why
they used those resources, where they got the examples used in the lesson, how they selected the
examples, how they involved/ involve learners in the lesson/lessons, the opportunities they are
supposed to provide to students and where they got the explanations of the algebraic concepts
from. The interview guide also sought a follow up on what was observed during the lesson
observation. It had questions that could give data that could answer all the specific research

questions of this research study.

3.6 Instrument Administration
Before the beginning of lesson observations, each participating teacher and parents of children

were informed about the study and consent forms to show that they willingly accepted to
participate in the study were distributed and later collected. During lesson observation, the lesson
observation guide was used as a guide for note taking. It was used to write required information
from the lesson plans and also from the class activities as the lesson progressed. The lessons from
two of the three schools were video recorded, whereas in one school the teacher did not give
consent to be video recorded, but allowed the researcher to observe the teaching. For this teacher,
only observation and interviews were used. Video recordings were used for the two other teachers
in order to get rich data for analysis. As Baker (2006) asserts, cameras are instrumental extension

of our senses that may help researchers to see more and with greater accuracy.

Interviews were conducted on the second visit to the schools after lesson observations were done.
The same three teachers who were observed, were interviewed. Before the interviews, the
researcher asked the respondents if the voice recorder could be used, and two respondents had no
problems. The teacher who had not allowed for video recording also did not give consent to be
audio recorded, and the researcher took notes of the responses during the interview. The interviews
helped the researcher to obtain some more information which could not have been obtained

through lesson observations. The interview guide was used to guide the flow of the interview

23



questions and also to make sure that the information provided answered the specific questions of
the research. The responses for the two respondents were being written down and audio recorded
whereas for the third participant, the responses were just written down. The guide was with the
researcher, and the participants could just answer the questions orally without necessarily looking
at the questions on the interview guide. The voice recorder was used in order to capture information
which was missed during writing of responses as the interview was in progress. As soon as the
researcher got home, the voice records were transcribed. The files were listened to over and over

again in order to make sure that no important data was missed.

3.7 Validity and Reliability
This study used triangulation of data sources as a means of ensuring validity. Document analysis

(lesson plans), video recordings and audios were used to enrich data collected from lesson
observations and interviews. Bowen (2009) describes triangulation as a combination of
methodologies or information from different data sources in the study of the same phenomenon. It
is further explained that triangulation helps the research to guard against the accusation that a
study’s findings are simply an artefact of a single method, a single source, or single investigator’s
bias. This is possible because in triangulation, researchers make use of multiple and different
sources, methods, investigators and theories in order to provide corroborating evidence. As the
researchers locate the evidence from different sources of data, they are triangulating the
information and providing validity to their findings (Bowen, 2009). Observation and interview
guides were also used as a way of addressing bias that would have been caused by a single observer

and interviewee during observations and interviews.

3.8 Data Analysis
This study has followed a qualitative descriptive research design. Data collected in this study has

been analysed using framework analysis, the MDI framework. Framework analysis as Parkinson,
Eatough, Holmes, Stapley and Midgely (2016) explains, provides flexibility to use the data
systematically so as to facilitate greater familiarity and immersion in the data, and eventually a
better understanding of the insights and experience of the participants. Before starting formal
analysis of data, the video recordings from lesson observation and the audio recordings from the
interviews that were captured as part of data collection were transcribed. As one way of getting
familiar with the data, Mills and Morton (2013) suggests “immersion” as the first step of data

analysis. This is where the researcher spends some time with the research material, reading and re-
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reading the transcripts and the field notes. The researcher took some time reading and re-reading
the field notes, the transcriptions, and also listening to the videos and audios in trying to immerse
herself in the data she collected. The MDI framework was developed for the purpose of analysing
classroom (Adler & Ronda, 2015) and also later to analyse textbooks (Ronda & Adler, 2017).
However, the researcher also used the MDI framework when she analysed lesson plans and
interviews, because the teachers mentioned examples that could be used in classroom teaching.
Examples mentioned in the lesson plan and during the interviews were related to the teaching of
the lesson with the known object of learning, hence it makes sense to evaluate the examples
mentioned in the lesson plan and during interviews using the MDI framework as if the examples
were used in the real classroom teaching. In addition, what the teachers wrote in the lesson plan
was a reflection of what they would do if it was the actual teaching in the classroom, since they
used the same lesson plan for their actual teaching. Data from interviews was analysed using the
framework because if teachers were to teach the way they responded during the interviews, their
teaching would have been analysed using the MDI framework. Data from lesson plan and the
interviews provided an enrichment to the data from the classroom. After the transcription of the
video and audio recordings, and after being familiar with whole set of data, | proceeded to coding
using the MDI framework as mentioned earlier on. Data was organized into chapters to form
different units of analysis in accordance with the research questions but basing on the elements of
the MDI framework which are object of learning, exemplification, explanatory talk and learner

participation (Adler & Ronda, 2015). Below is how the coding was done:
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Coding of Exemplification

Examples Tasks

Similarity: Use of known operations and procedures, coded
Experiencing one form of variation, coded | K, and level 1

S, and level 1
Contrasting: Application of known skills, or decide on
Experiencing two forms of variation, coded | operation to use, coded A, and level 2

C, and level 2
Fusion: Use of multiple concepts and making multiple
Experiencing more than two forms of | connections, coded C/ PS, and level 3

variation, coded F, and level 3
Level O: Level 3 or 2 reduced to level 1 if it unfolds.
Experiencing no similarity and no | C/PS— K, level 1

contrasting.

Table 1: Coding of exemplification (Adler & Ronda, 2015)

Coding for Explanatory Talk

Naming Legitimating

Word use is colloquial, non mathematical, | Criteria is non mathematical, coded NM, and level
coded NM, and level 1 0

Mathematics word used as names only, | Criteria is localized, coded L, and level 1

coded MS, and level 2 where there is NM | Criteria counts as having partial generality, coded
and MS, and some MA PG, and level 2 if criteria is beyond NM,
Mathematical language used | L and has PG

appropriately, coded MA, and is level 3 | Criteria is of full generality, mathematics
when there is movement between NM and | legitimating is proved, coded FG, and level 3

MA

Table 2: Coding of explanatory talk (Adler & Ronda, 2015)
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Coding of Opportunities for Learner Participation

To speak yes/ no, or single words to teachers’ sentence, coded Y/N, and level 1

To speak some phrases and sentences in more than one episode, answering what/ how questions,
coded P/S, and level 2

Some discussions in more than one episode, why questions, teacher revoices, coded D, and level
1

Table 3: Coding of Opportunities for Learner Participation (Adler & Ronda, 2015)

3.9 Ethical Considerations
Everything related to this project followed the standards set by the Norwegian Centre for Research

Data (NSD). | applied for a permission to NSD to carry out my research project. Permission to
carry out the research project was given, refer to the permission letter in the appendix (see
Appendix 1). Processing of personal data had been done in accordance with the principles under
the General Data Protection Regulation of the NSD. No information that can be used to identify
participants has been revealed. Personal names and school names have been replaced by codes or
pseudonyms. After analysing the video recordings of the lessons and transcribing the audio
recordings of interviews, both the video and audio recordings’ files were deleted. Only anonymised
text are kept after the research project. Personal data has been treated with confidentiality and in
accordance with data protection legislation. In addition, participants were briefed in detail on what
the study was about, and were told of their freedom to withdraw if they no longer wished to

continue participating in the study.

3.10 Limitations
This study had some limitations. The subjects were not a true representation of the population, as

such the results might not portray the true picture of what is really happening in Malawi as a
country. Out of the many districts, many schools and many teachers that are there in Malawi, only
1 district, 3 schools and 3 teachers were involved. Although the findings of this study are not meant
to be generalized to a larger population, dealing with more schools and more teachers could be of
great help in finding out more concerning what this study was looking for. However, this is a
phenomenological research which seeks construction of meaning from experiences. The
researcher’s position as a teacher educator might also have had an impact on the study as

participating teachers could think that they were under supervision, and changed the way they
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normally teach. As Baker (2006) discerns, even if participants agree to observe them, the
researcher’s presence can make participants behave differently from normal, and as a researcher,
one can never be sure that these participants would do the same things if they were not being

observed.

3.11 Chapter summary
This chapter has given a description of the design that this research study used, how the pilot study

was conducted, the sample and how the sample was generated, how data was constructed, the
instruments which were used to collect data, how the instruments were administered, the validity
and reliability of the methods for collecting data and data analysis. It has also looked at the ethical
considerations and limitations of the study. There were 3 participants who took part in the study.
All the 3 teachers were observed teaching and then interviewed. Amongst the 3 teachers, 2 teachers
had lesson plans which were photocopied for analysis whereas 1 teacher said that she did not write
the lesson plan for that particular day. Each participant was observed teaching once, and two of
the three participants were video recorded. The participants were interviewed after the lesson
observations. The interviews with the 2 teachers who were video recorded were also audio
recorded. One teacher did not accept to be video recorded and audio recorded during the teaching
and during the interview despite initial arrangements that she would be video recorded and audio
recorded. Using the methods outlined in this chapter, data was collected, analysed and the findings

are presented in the next chapter.

28



4 Analysis of Data and findings

This chapter presents and analyses data from three teachers, Teacher A, Teacher B, and Teacher
C, from School A, School B and School C respectively. Data from each teacher is presented in
separate subchapters, one chapter for each teacher. First | present data from the teaching from the
three teachers, Teacher A, Teacher B and Teacher C. This data is presented in subchapters 4.1 to
4.3. Then, | present data from the lesson plans from Teacher A and Teacher B only in the
subchapters 4.4 and 4.5. Teacher C did not write the lesson plan on the day of lesson observation,
as such there is no data from teacher C on lesson plans. Finally, | present data from the interviews
for the three teachers in the subchapters 4.6, 4.7 and 4.8 respectively. For each teacher, data
presented and analysed is based on the specific research questions of the study. The specific

research questions of the study are:
1. How do teachers introduce (explain) the algebraic concepts to Standard 5 learners?

2 (a).What type of resources, examples and tasks do teachers use to introduce algebra in
Standard 5?

2(b).What argument do teachers give for the resources, examples and tasks they use to
introduce algebra in Standard 5?

3. What opportunities are provided for learners’ participation?
4. How do Standard 5 learners participate in algebra lessons?
4.1 Data from the Teaching: School A

In the sub-chapters below, | present data relevant for each research question on the teaching that
took place in school A. Data is on how Teacher A introduced algebra to Standard 5 learners as
beginners. School A has only one Standard 5 class, and one mathematics male teacher, who
volunteered to take part in the research study. There were 63 learners in total, 29 boys and 34 girls,
who participated in the study. The object of learning on the day of observation was “writing

number sentences.”

4.1.1 Research question 1: How do teachers introduce (explain) the algebraic concepts to Standard
5 learners?
In this sub-chapter, | present data that can help answer the research question on how the teacher

introduced and explained the basic algebraic concepts to standard 5 learners. Below, | present data
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separately on how Teacher A introduced the concept of number sentence, letters, symbols and
coefficient in relation to the object of learning to learners. Data is rated on how the concepts were
introduced and explained by the teacher in line with explanatory talk of the MDI framework (Adler
& Ronda, 2015).

Introduction of algebraic number sentence

Teacher A started the lesson by asking learners two oral questions:

Teacher A: What can be the answer if you add 3 mangoes
plus 4 mangoes?

Learner: Seven mangoes.
Teacher A: What about 13 pens plus 2 pens, what can be the answer?
Learner: 15 pens.

Teacher A then said to learners: “Today we are going to deal with algebra, and the main work is
on writing number sentences,” (writes the object of learning, “Writing number sentences” on the
chalkboard).Teacher A defined a number sentence orally by repeatedly saying: “A number
sentence is a way of expressing the relationship of numbers.” He said to the learners: “You said
that 3 mangoes plus 4 mangoes, is 7.” He then wrote 3 + 4 = 7 on the chalkboard. He told the
learners that 3 + 4 = 7 is a number sentence, “We have the numbers 3 plus 4 giving us a certain

number which is 7, so, 3 and 4 are related because they add up to 7.”

Teacher A took out a chart with number sentences and pasted it on the chalkboard. He asked the
learners to read the number sentences on the chart. The number sentences written on the chart
were: 2 bottle tops plus 6 bottle tops is equal to 8 bottle tops, 3 leaves plus 3 leaves is equal to 6
leaves and 3 guavas plus 4 guavas is equal 7 guavas. He told learners that these are number

sentences. He repeated telling learners the meaning of number sentence.

Kullberg et al. (2017) gives an example claiming that you cannot possibly understand Chinese
language by simply listening to different people speaking if you have never heard another
language. In a similar manner, it means learners cannot understand what a number sentence is only
by looking at a number sentence presented by the teacher since they do not know what not a

number sentence is. The characteristics that makes a sentence a number sentence, is not visible.
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Algebraic concepts should not be presented to learners as readymade entities (Booth, 1988).
Marton and Pang (2013) argue against the view of developing new meanings from experience of
sameness by pointing to the examples; this is a number sentence and this is a number sentence. In
terms of the MDI framework, pointing to the examples of number sentences and telling learners
that this is a number sentence, and this is a number sentence is non mathematical, NM, and level

1 of naming in explanatory talk, there is no focused math talk (Adler & Ronda, 2015).
Introduction of the use of letters in algebra

Teacher A told learners that there is a short way of writing the number sentences. He showed

learners number sentences on a chart and said:

Teacher A: Now, we have a way of writing those number sentences. Let us look at

how we can write those number sentences.

Teacher A: From the first statement which is 2 bottle tops plus 6 bottle tops is equal to
8 bottle tops. This is a mathematical statement, a number sentence whereby

we can also write it in short.

Teacher A: Instead of writing 2 bottle tops plus 6 bottle tops is equal to 8 bottle tops,
You can simply think of the first letter which is b, here we have b, and here
another b, and here also another b (pointing at the letter b in 2 bottle tops +
6 bottle tops = 8 bottle tops on the chart).

Teacher A: Which means that to write this number sentence in short you can simply
write 2b + 6b = 8b (writing on the chalkboard). Where the letter b represents
objects, thus 2b is for 2 bottle tops, 6b is for 6 bottle tops and 8b is for 8

bottle tops. This is how you are supposed to write number sentences in short.

Teacher A called for volunteer learners to come in front and write the following two number
sentences in short on the chalkboard: 3 leaves plus 3 leaves is equal to 6 leaves, 3 guavas plus 4

guavas is equal to 7 guavas.

One learner volunteered and wrote the number sentence 3 leaves plus 3 leaves as 3L + 3L = 6L on
the chalkboard. Another learner wrote the number sentence 3 guavas plus 4 guavas is equal to 7

guavas in short as 3g + 4g = 7g on the chalkboard.
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From what has been explained, Teacher A introduced letters to learners as names or labels of
objects. As Kullberg, Kemp and Marton (2017) explains, it is necessary to use representations,
where, for example, pictorial images can be used to improve the recognition that letters are
variables or specific unknown values in an algebraic number sentence, and not names of objects.
Kuchemann (1981) claims that letters are variables or specific unknown values. From the
transcript, the discourse can be classified as colloquial, non-mathematical (NM) in terms of word
use and legitimating criteria (Adler & Ronda, 2015), since letters in algebra are not defined as

labels. Hence the explanatory talk is of level 1, on naming and level 0, legitimation.
Symbols: Introduction of equal sign and addition symbol

Teacher A modelled the number sentences written on the chart using the objects he brought to
class. He read the number sentence from the chart: 3 leaves plus 3 leaves is equal to 6 leaves. Then
he counted 3 leaves and put them in one group and counted another 3 leaves and put them in
another group. With emphasis on the plus, he combined the two groups and counted the objects to
find the total number of the objects altogether, then he stressed on equals as he wrote down the
equal sign on the chalk board followed by the answer. The modelling of addition done by the
teacher, the stressing on the equals sign and the writing of the answer after the equal signifies that
the equal sign was used as a symbol calling for an answer. Pointing to the chart which had the
following number sentences; 2 bottle tops + 6 bottle tops = 8 bottle tops; 3 leaves + 3 leaves = 6

leaves; and 3 guavas + 4 guavas = 7 guavas, Teacher A had this to say:

Teacher A:  Okay, the first statement goes like 2 bottle tops plus 6 bottle tops is equal to
8 bottle tops, (shows learners the bottle tops) these are bottle tops, so they
are saying 2 bottle tops, one, and two (counts them) plus 6 bottle tops one,

two, three, four, five, six.

Teacher A:  So, we have two bottle tops plus six bottle tops. If we add them, they will
give us a certain number which is 8 bottle tops (counts the total number of
bottle tops after adding them). One, two, three, four, five, six, seven, eight.
So, that one is the first statement which is also showing the relationship of

numbers.
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Teacher A:

Teacher A:

Learner:

Teacher A:

Teacher A:

So, we have two bottle tops plus six bottle tops. If we add them, they will
give us a certain number which is 8 bottle tops (counts the total number of
bottle tops after adding them). One, two, three, four, five, six, seven, eight.
So, that one is the first statement which is also showing the relationship of

numbers.

Yes, anyone to read for us the second statement. (Selects a volunteer

learner), yes can you read for us?
Reads, 3 leaves plus 3 leaves is equal to 6 leaves.

Okay, fine. This statement is 3 leaves plus 3 leaves is equal to 6 leaves.
Which means that | can have three leaves (counts) one, two, three, then plus
other three leaves (counts) one, two, and three. | have added the leaves, if |
count those in my hands there will be six. One, two, three, four, five, six.

So three leaves plus three leaves is equal to six leaves.

And we have got 4 guavas plus 3 guavas is equal to 7 guavas. If we add 4
guavas plus 3 guavas it gives us 7 guavas. | have got guavas here (.)
one, two, three, four guavas plus one, two, three guavas. Now, counting
them together they will give us a certain number which is seven. So it’s
(counts the guavas) One, two, three, four, five, six, seven. Which means that
if you add 4 guavas plus 3 guavas, they will give us a certain number which

is seven guavas. Is that clear class?

As we can see from the transcript, Teacher A used the objects he brought to class to model the

number sentences that were written on the chart.

Teacher A mentioned addition as plus throughout the lesson, and he wrote the addition symbol in

place of the word plus. The addition symbol was used as a symbol for combining groups of objects

to come up with a single group of objects. He did not explain about the use of equal sign to learners.

Kullberg et al. (2017) explains that when introducing algebraic number sentences, the focus of

attention should not primarily be on finding the answer, but instead should be on understanding

what a number sentence is by varying the terms and the operations used as a means of discernment.
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According to Adler and Ronda (2015), the symbols were not used appropriately (in the context of
algebra), hence NM, and level 1 of the explanatory talk.

Teacher’s introduction of coefficients in algebra to learners

Teacher A did not say anything concerning coefficients. There was no mention of the word

coefficient in his teaching.

4.1.2 Research Question 2a. What type of resources, examples and tasks for learners do teachers
use to introduce algebra in standard 5?
This sub-chapter provides data from the teaching with a focus on the resources that the teacher

used, and how he selected examples and tasks for learners. The resources used were rated on
whether they were used to support learners to achieve the object of learning, and the examples
were rated on their similarity (S) and contrasting (C). The tasks that the teacher gave to learners
were rated on whether the tasks required learners to carry out a known (K) operation or apply (A)

what is known in relation to the object of learning (Adler & Ronda, 2015).
Types of resources used and how they were used

The teacher used a chart with number sentences and objects like fruits. The first letters of the
objects were used as letters in algebraic number sentences presented. For example, the teacher told

learners that:

Teacher A:  Instead of writing 2 bottle tops plus 6 bottle tops is equal to 8 bottle tops,
You can simply think of the first letter which is b, here we have b, and here
another b, and here also another b (pointing at the letter b in 2 bottle tops +

6 bottle tops = 8 bottle tops).

Teacher A:  Which means that to write this number sentence in short you can simply
write 2b + 6b = 8b. Where the letter b represents objects, thus 2b is for 2
bottle tops, 6b is for 6 bottle tops and 8b is for 8 bottle tops. This is how

you are supposed to write number sentences in short.

From the transcript above, the teacher used a traditional approach of teaching algebra which is
often termed as “fruit salad” (Kuchemann, 1981), or use of mnemonic literal symbols where

objects are used as letters. Researchers such as Kuchemann (1981) and McNeil and Weinberg
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(2010), warn that the use of mnemonic literal symbols or fruit salad approach strengthens learners’

naive conception that literal symbols in algebraic expressions stand for labels instead of quantities.

In the following transcript, Teacher A modelled the addition of the terms in a number sentence

using the leaves, the bottle tops and the guavas he brought to class:

Teacher A:  And we have got (.) 4 guavas plus 3 guavas is equal to 7 guavas (reading
from the chart). If we add 4 guavas plus 3 guavas it gives us 7 guavas. |
have got guavas here (.) one, two, three, four guavas plus one, two, three
guavas. Now, counting them together they will give us a certain number
which is seven. So, it’s (counts the guavas) one, two, three, four, five, six,
seven. Which means that if you add 4 guavas plus 3 guavas, they will give

us a certain number which is seven guavas. Is that clear class?

Teacher A here used objects he brought to class as counters for modelling addition of the terms in
a number sentence to find the total number of objects, and a chart to show the learners number
sentences. He also used objects to come up with letters that were used in the number sentences.
This is contrary to what other researchers like McNeil and Weinberg (2010); Kullberg et al. (2017)
recommends, that algebra should not be introduced using objects such as fruits or mnemonic literal
symbols to beginners. Adler and Ronda (2015) recommends that for proper exemplification,
teacher should provide tasks to enable learners use multiple representations. There was no use of

representations, hence exemplification categorized as level 1.
Teacher’s selection of examples.
Teacher A used the examples which he wrote on the chart, and gave this explanation to learners:

Teacher A:  From the first statement which is 2 bottle tops plus 6 bottle tops is equal to
8 bottle tops. This is a mathematical statement, a number sentence whereby

we can also write it in short.

Teacher A: 2 bottle tops + 6 bottle tops = 8 bottle tops; to write this number sentence in
short you can simply write 2b + 6b = 8b, where the letter b represents
objects, thus 2b is for 2 bottle tops, 6b is for 6 bottle tops and 8b is for 8
bottle tops. This is how you are supposed to write number sentences in short.

Can someone come and write in short:
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Teacher A: 3 bananas + 5 bananas = 8 bananas on the chalkboard.
Learner: Writes 3b + 5b = 8b on the chalkboard

Teacher A:  What about 3 Leaves + 3 Leaves = 6 Leaves?
Learner: Writes 3L + 3L = 6L on the chalkboard

Teacher A: 4 guavas + 3 guavas = 7 guavas

Learner: Writes 4g + 3g = 7g on the chalkboard

The teacher used the first letters of the objects as letters in the number sentences he presented as
examples. In other words, letters were introduced as names or labels of objects in all the examples
that the teacher provided. The meaning of number sentence was not stressed in the examples.
Nowhere in the examples were letters explained to learners as variables or unknowns, and the

equal sign was explained as a relational symbol.

In the transcript above, Teacher A used the objects for introducing letters and for modelling the
addition process in all the examples he presented. All the examples presented to learners were of
the same type, there were no variations, and therefore no contrasting examples, hence, providing
an opportunity for learners to experience one form of variation, similarity (S). This is what Adler

and Ronda (2015) classifies as level 1 examples.
Tasks selected for learners

Teacher A started the lesson by showing learners number sentences which were written on a chart,
and then asked the learners to read the number sentences. Then the teacher wrote on the chalkboard
the same number sentences that were on the chart. He then demonstrated to learners how to write
the number sentences in short. This was followed by an exercise where learners individually were

asked to write number sentences in short:

Teacher A:  If there is no question, open your books on page 105, and go to exerciselA,
(Writing number sentences). You do for me number 2 and number

5.Thereare two of them.

Teacher A:  Before you start writing let’s look at number two. Number two goes like
four cups plus five cups equals nine cups, four cups plus five cups equals

nine cups (repeats). So you have to write that mathematical statement in
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short as we have done in our examples. Then, number 5 goes like if you add
11 mangoes to 13 mangoes you will have 24 mangoes. You have also to

write that one in short.

After marking learners work, Teacher A did correction with learners where he explained to

learners that he expected them to write the problems in short as:
1. 4 cups plus 5 cups equals 9 cups
=4c+5c=09c
2. 11 mangoes plus 13 mangoes equals 24 mangoes
=11m + 13m = 24m

He wrote the problem; the sum of 12 goats and 25 goats is equal to 37 goats on the chalkboard and
asked for a volunteer learner to come and write the number sentence in short. One learner
volunteered and wrote the solution as:

3. The sum of 12 goats and 25 goats is equal to 37 goats

= 12 goats + 25 goats = 37 goats

=12g + 259 = 37g.
Research studies have shown that teachers in Malawi often teach mathematics and algebra in
particular, using procedural teaching and learning. They present their lessons by following what
has been written in the teacher’s guide. They start teaching by giving learners examples that are
taken from the textbooks, followed by a task for practice known as an exercise which is also taken
from the text books (Kazima & Jakobsen, 2013). The teaching done by Teacher A seems to be an

example of this traditional way of teaching mathematics.

The problems in the task for learners were all similar to the examples which the teacher presented
to learners. Names of objects in the number sentences were changed into letters, as such, letters in
the number sentences were presented as names or labels of the objects. Considering the task given
to learners, all the problems in the task for learners were of the same type, and they were all similar
to the examples that the teacher had given learners, hence classified as level 1 tasks in Adler &
Ronda (2015). Such task required learners to use known procedures and operations, coded K, and
classified as level 1tasks in the MDI framework (Adler & Ronda, 2015).
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4.1.3 Research Question 3: What opportunities are provided for learners’ participation?
This sub-section presents data on Research Question 3. The focus is on the opportunities that the

teacher provided for learners to explore and discover what a number sentence is during the class,
opportunities that would have supported learners to understand the object of learning “writing

number sentences.”

Teacher A provided learners with opportunities to speak short sentences (P/S) in the lesson by
asking them to read the number sentences from the chart, both individually and in choir. He
provided learners with opportunities to speak Yes/ No and single words (Y/N). He gave learners
an exercise to write individually. However, Teacher A first demonstrated the procedure in all the
examples. By doing so, he reduced learner’s tasks to arithmetic operations and participation to
answering Yes/No questions, or completing sentences with single words (Y/N). YN is classified
as level 1, in the MDI framework (Adler & Ronda, 2015).

4.1.4 Research Question 4: How do Standard 5 learners participate in algebra lessons?
In this sub-chapter, the researcher presents data on how the teacher involved learners so that they

could all participate in the lesson. Teacher A allowed learners to participate individually through
verbal and written exercises like where he said, “Remember, we said 3 plus 4 gives us a certain

number ~ 7.” Teacher A also used what questions for example:
Teacher A:  What can be the answer if you add 3 mangoes plus 4 mangoes?
Learner: Seven mangoes.

The questions the teacher asked learners throughout the lesson required learners to answer Yes/
No answers, for example the teacher would ask learners, “is it right?” and at other times Teacher
A would ask learners questions that required them to speak a single word to finish the teachers

unfinished sentence like:
Teacher A:  What about 13 pens plus 2 pens, what can be the answer?
Learner: 15 pens.

Teacher A also at times used how questions, For example where he asked questions like: “How

can you write the number sentence 3 guavas plus 4 guavas in short?”
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In the transcripts above it shows that Teacher A involved learners individually through written
exercises and through verbally. He also allowed choral answers. According to MDI framework,
the what/ how questions are coded P/S. Therefore, learner participation was Y/N, P/S, but the
demonstrations the teacher made unfolded activities and reduced them to level 1 (Adler & Ronda,
2015).

4.2 Data from the Teaching: School B
In the sub-chapters below, | present and analyse data relevant for each research question on the

teaching done by Teacher B. School B has only one Standard 5 class, and one mathematics female
teacher who volunteered to take part in the research project. There were 87 learners in total in the
class, 46 boys and 41 girls, who participated in the study. Data to be presented in the subsections
below is on how Teacher B introduced algebra to Standard 5 learners as beginners. The object of

learning on the day of observation was “completing number sentences.”

4.2.1 Research question 1: How do teachers introduce (explain) the algebraic concepts to Standard
5 learners
Data obtained from this research question is on how the teacher introduced and explained the basic

algebraic concepts to Standard 5 learners. The subchapter presents data on how Teacher B
introduced algebraic number sentences, letters, symbols and coefficients to learners in Standard 5.
Data collected was rated on how the algebraic concepts were explained by the teacher in line with
the MDI framework (Adler & Ronda, 2015). The object of learning of the lesson on the day of
observation was completing number sentences.

Introduction of algebraic number sentences

Teacher B started her lesson by asking learners to create number sentences basing on what they
learnt in the previous lesson. Learners created and wrote the number sentences in short form on

the chalkboard. The following was the conversation that the teacher had with the learners:

Teacher B:  Can you create any number sentence that you know?
Learner: 4 bananas plus 1 banana is equal to 5 bananas

Teacher B: Can someone come and write that number sentence in short on the

chalkboard?

Another learner volunteered and wrote the number sentence on the chalkboard as 4b +b = 5b

39



Teacher: (Pointing to the number sentence written by the learner on the
chalkboard) so, it’s 4b +1~

Learners: ~b=5b.

Teacher B then wrote on the chalkboard the following problem for learners to write in short: 9
birds take away 4 birds equals___ . After the learners solved the problem in their exercise
books individually, the teacher asked them to exchange their exercise books to mark each other’s
work. Teacher B then demonstrated to learners how to write 9 birds take away 4 birds equals

, in short form by saying:

Teacher B: ~ When you are writing a number sentence you just write the first letter, in
this case, 9 birds will be 9b, 4 birds will be 4b. What is the meaning of take

away?
Leaner: Take away means minus.
Teacher B:  It’s now straight forward ;( writes on the chalkboard), 9b — 4b = | so

what is the answer?
Learners: 5b (answer in choir)
Teacher B:  9b —4b = 5b (Writes on the chalkboard).

Teacher B did not give learners any explanation of what a number sentence is or teach learners
how the terms in a number sentence are related. She emphasized on the filling of missing terms in
a number sentence. According to Molina et al. (2017), it is necessary that teachers explain the
relationship of numbers or terms in a number sentence to learners in order to avoid errors in
algebra. There was no activity that encouraged maths talk. This is non mathematical (NM) way of

presenting work, and level 1 explanatory talk (Adler & Ronda, 2015).
Introduction of the use of letters in algebra

Teacher B asked learners to solve: 9 birds take away 4 birds equals____, and asked learners to
write the number sentence in short. To come up with letters to be used in the number sentences,
Teacher B told learners that they should just write the first letter of the name of the object that has
been used in the number sentence. For example, 9 birds will be 9b, and 4 birds will be 4b. The
answer will be 9b - 4b =5b.
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Letters were explained to learners as first letters of the names of objects such as fruits. This is in

contradiction with information from researchers such as Kuchemann (1981), who explains that

letters in an equation (number sentence) can only be used as variables. At one time the teacher

referred to letter y in 9y + = 17y as 9 things plus dash equals 17 things, so y was referred to as

things. In terms of MDI framework, word use is colloquial, non-mathematical (NM) and

ambiguous (letter y referred to as things), so naming is of level 1 (Adler & Ronda, 2015).

Symbols: Introduction of equal sign and addition symbol

Teacher B wrote 9y + =17y on the chalkboard and asked learners to read the number sentence.

Teacher B told learners that 9y + =17y is the same as adding 9y to a certain number to get 17y.

She had to say this:

Teacher B:  Let’s forget about the letters and concentrate on the numbers only.

Teacher B:  Listen (.) let’s do together. Check and correct your work. Don’t get confused
with letters, the focus should be on the numbers only. In the problem
3n—__ =2n; what can we subtract from 3 to get 1.

Teacher B:  asks learners to count 3 objects and remove some objects to remain with 2.

Learners: (counts 3 stones and removes 1 stone to remain with 2 stones). In a choir
they respond 2

Teacher B:  Writes the answer 3n —n = 2n on the chalkboard.

Tosolve 9y + =17y, Teacher B instructed learners in vernacular language as follows:

Teacher B:  Take out your counters and count 17.Because 17 is the result after adding
9 with another number. (Explains in vernacular language), now, to find the
missing number, subtract 9 counters from 17 counters

Learners: (counts 17 stones and removes 9 stones to get 8).

Teacher B:  What do you get? (...)

Learners: 8

Teacher B:  Good
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Teacher B:  So, 9 + 8= 17. But don’t forget we are adding things of the same group, y
things, so it will be 8=

Learners: ~y.
Teacher B:  So it will be written as 9y + 8y = 17y (writes on the chalkboard).

From the transcripts above, we see that Teacher B asked learners to find the missing number by
using stones as counters. The emphasis was on what was to be added to 9 to make 17, and what
was to be subtracted from 3 to get 2. She told learners to forget about the letters. The equal sign
was used as a symbol calling for a calculation to put an answer after the equal sign. In all the
examples and the exercise that Teacher B gave learners to do, she emphasized on the use of
counters to find a single term answer and put it after the equal sign. The addition and subtraction
symbols were used as operational symbols. Addition was used to combine two groups of objects
to come up with one group, everyday language, NM, and everyday procedures, E, while with
subtraction the learners were told to remove objects from the bigger group of objects, everyday
language, NM, and everyday procedures, E (Adler & Ronda, 2015).Therefore NM in naming is
level 1 and E is level 0 in legitimating. Kullberg et al. (2017) argues that teachers should not
primarily focus their attention on finding the answer when teaching number sentence concept but

instead they should aim at helping learners understand the relationships in a number sentence.
Introduction of coefficients in algebra to learners

Teacher B told learners that if the coefficient is 1, we don’t write the number 1, we just write the
letter, as in 3n — 1n = 2n, this is written as 3n — n = 2n. She also told learners that the coefficient
goes together with the letters. However, Teacher B did not clearly explain to learners what a
coefficient is in algebraic expressions, such as in number sentences. Telling learners that
“coefficients go together with letters,” classifies word use as colloquial, non-mathematical (NM),
and categorized as level 1 explanations (Adler & Ronda, 2015).

4.2.2 Research Question 2a. What type of resources, examples and tasks for learners do teachers
use to introduce algebra in standard 5?
This sub-chapter provides data and analyses data on the teaching with a focus on the resources that

Teacher B used, and how she selected examples and tasks for learners. The resources that the
teacher used were rated on whether they were used to achieve the object of learning or not. The

examples that the teacher used were rated in terms of similarity and contrasting, and the tasks that
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the teacher selected for learners were rated on whether the tasks required learners to carry out a
known (K) operation or apply (A) what is previously known in relation to the object of learning
(Adler & Ronda, 2017).

Types of resources used and how they were used.

Teacher B used different objects like fruits and stones in the lesson. Objects were used for
introducing letters in number sentences and also as counters for modelling addition and subtraction
of terms to find the missing terms in number sentences. The first letters of the name of objects
were used as letters in the number sentences presented. For example, Teacher B told learners that:
“When you are writing a number sentence, you just write the first letter, in this case, 9 birds will
be 9b, and 4 birds will be 4b.” During feedback on the problem 18s + = 22s, the teacher said
that 18s means 18 stones. Teacher B then asked learners to count 18 stones, using count on
addition® method, she explained to learners how to find the missing term in the number sentence.
Learners were instructed to keep on adding one stone at a time to the group of 18 stones until they
had 22 stones. Learners found that the missing number was 4. Teacher B also used the resources
to explain the simplification of like and unlike terms. For example, the teacher said to learners:
“Remember when we are adding things, we add things that are alike. Leaves with other leaves,
stones with other stones, bananas with bananas. We cannot add leaves with stones, or we cannot

’

add bananas with leaves.’

From what has been explained above, Teacher B used objects like stones and number cards in her
lesson. The objects were used to introduce letters in algebraic number sentences. The first letters
of the objects were considered as letters in the number sentences. In this case, Teacher B taught
learners that objects are letters in number sentences. This contradicts what other researchers like
McNeil and Weinberg (2010); Kullberg et al. (2017) recommend, that algebra should not be
introduced using objects such as fruits or mnemonic literal symbols to beginners. It is argued that
this may promote learners’ naive conception that literal symbols in algebraic expressions stand for
labels instead of quantities. The objects were also used as counters to model addition of terms in
an algebraic number sentence. This shows that Teacher B taught algebra just like arithmetic. As

5 Count on addition method is where you start counting on from the bigger number between the two numbers
being added in an equation.
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part of exemplification, the teacher did not use representations in the tasks during the examples,
hence level 1of exemplification in the MDI framework (Adler & Ronda, 2015)

Teacher’s selection of examples

Teacher B used stones and number cards in the examples she presented in her lesson. In all the
examples used, the first letters of the names of the objects were presented as letters in the number
sentences. On one occasion, Teacher B asked learners a question which led to learners coming up
with number sentences which were later used as examples. This was the conversation that Teacher

B had with her learners:

Teacher B:  It’s time for mathematics. Can I have someone to create any number

sentence?
Learner: 4 bananas plus 1 banana is equal to 5 bananas
Teacher B:  Can you clap hands for him? (Leaners clap hands)

Teacher B: Can someone come and write that number sentence in short on the

chalkboard?
Learner: Writes 4b + 1b = 5b on the chalkboard.

Teacher B then gave learners number cards with algebraic terms on them to arrange them in order
S0 as to complete a number sentence that she wrote on the chalkboard. The number sentence that
was completed by arranging the number cards with the algebraic terms in order was 9y + =
17y. However, the teacher told learners to ignore the letters when solving the problem. Teacher B

continuously reminded learners to forget about the letters. In her lesson, she said:

Teacher B:  Let us forget about the letters and concentrate on the numbers only. We
already know that we have y things which we are adding and they are things
of the same group, they are alike. So, our focus should be on the numbers

only.

The learners identified 8y as the missing term, and the teacher completed writing the number
sentence on the chalkboard as 9y + 8y = 17y. Finally, Teacher B wrote 3n— __ = 2n on the chalk
board for learners to do individually. She then showed learners how they were supposed to write
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the answer by writing the answer on the chalkboard, then asked the learners to exchange their

exercise books and marked each other’s work.

All the examples that Teacher B gave learners were leading to a single term solution. The examples
presented to learners were similar in the sense that they had missing terms in them for learners to
fill in. However, the examples were contrasting because they had different operations that were
used. The first two examples were addition problems whereas the last example was a subtraction
one. However, the teacher demonstrated and explained to learners what they were supposed to do
in vernacular language. This act unfolded the set-up of the examples and reduced the use of
examples to level 1, though with two forms of variation. Therefore, Teacher B’s examples have

been classified as level 1 (Adler & Ronda, 2015).
Tasks selected for learners

The teacher asked learners to create a number sentence, which one of the learners created as 4
bananas plus 1 banana is equal to 5 bananas. Teacher B then asked learners to write the number
sentence in short on the chalkboard, and one learner wrote it as 4b + b = 5b. Then Teacher B
distributed number cards to learners for them to arrange so that they find the missing term in a
number sentence 9y + = 17y. Then the teacher asked learners to work out 3n — = 2n and
later wrote the answer on the chalkboard for the learners to check their work. Finally, Teacher B

gave learners the following exercise to do individually:
@ _-3m=2m
(b)4t+3t=_t
(c)18s+__ s=22s

Teacher B explained to learners how to complete the number sentences (filling in the missing
terms). The tasks given to the learners required them to use known operations (K), and level 1, the
MDI framework (Adler & Ronda, 2017).

4.2.3 Research Question 3: What opportunities are provided for learners’ participation?
The teacher grouped learners and provided them with number cards and asked them to make

number sentences from the number cards given to them by arranging them. Through presentation

of their work, during feedback, learners were given a chance to speak some phrases. She also asked
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learners some oral questions, for example, learners were asked to create a number sentence, then
the teacher asked the learners to read the number sentence aloud in choir. This is an example of
the situation in class where learners could speak some sentences. On some occasions she asked
learners what questions, giving them a chance to speak single words. The teacher gave learners
individual work for them to practice finding the missing terms, after marking, learners were given
a chance to speak by saying what the answers were. However, all the opportunities that the teacher
provided for the learners to participate did not allow leaners to explore on the object of learning.
There were no how and why questions that would have provided learners with opportunities to
explore and discover what makes sense of a number sentence, and then filling in of the missing

terms in a number sentence.

Teacher B provided learners with opportunities to speak single words, and this is what is classified
as (Y/N), level 1, in the MDI framework (Adler & Ronda, 2015), and opportunities to speak short
expressions P/S (phrases and sentences) classified as level 2 (Adler & Ronda, 2015). Hence learner
participation was Y/N, P/S and level 2.

4.2.4 Research Question 4: How do Standard 5 learners participate in algebra lessons?
In this sub-chapter, | present data on how the teacher involved learners so that they could all

participate in the lesson. Learners worked in small groups, pair work and individually. The
questions that Teacher B asked learners at other times required them to finish the teachers

incomplete sentences by using single words, for example, “What is missing in the number sentence

3

3n—_ =2n?” By answering “n” learners were given a chance to speak a single word. Teacher

B also used what questions, for example:

Teacher B:  The second one is 18s + = 22s. If we add a certain number to 18 we

are going to get 22. What is this number?
Learner: 4
Teacher B:  What should we write on the blank space?
Sometimes she used questions that required learners to answer Yes / No, for example;
Teacher B:  What is the meaning of take away?

Learner: Take away means minus.
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Teacher B: Is that true?

In the transcripts above, Teacher B used questions that required learners to answer Yes / No and
complete teacher’s sentences by a single word or term, and questions where learners said some
phrases and sentences. MDI framework classifies the yes /no and single word answers as Y/N, and
what questions where learners are required to say phrases and sentences as P/S. Allowing learners
to work in small groups, pair work and individually is a clear indication that Therefore, learner
participation was Y/N, P/S, and level 2 (Adler & Ronda, 2015).

4.3 Data from the Teaching: School C
In the sub-chapters below, | present and analyse data for each research question on the teaching

done by Teacher C from School C. School C has only one Standard 5 class and one mathematics
female teacher, who volunteered to take part in the research project. School C had in total 93
learners present in the Standard 5 class on the day of lesson observation. There were 52 boys and
41 girls. The focus of this chapter is on how Teacher C introduced algebra to Standard 5 learners

as beginners. The object of learning on the day of observation was “Writing number sentences.”

4.3.1 Research question 1: How do teachers introduce (explain) the algebraic concepts to Standard
5 learners?
In this sub-chapter, | present data that can help answer the research question on how Teacher C

introduced and explained the basic algebraic concepts to standard 5 learners. Below, | present data
separately on how the teacher introduced the concept of number sentence, letters, symbols and
coefficient in relation to the object of learning to learners. Data is rated on how the concepts were
introduced and explained by the teacher in line with explanatory talk of the MDI framework (Adler
& Ronda, 2015).

Introduction of algebraic number sentences

Teacher C started the lesson by stating the object of learning of the day. She said, “In mathematics
today, we are going to learn about algebra, writing number sentences.” Then, Teacher C wrote

the following number sentences on the chalk board:
3 bananas plus 5 bananas is equal to 8 bananas.

2 oranges plus 1 orange is equal to 3 oranges.
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She asked volunteer learners to read the number sentences written on the chalkboard. Two learners
read the number sentences written on the chalkboard, one learner read each sentence. Teacher C
told learners that they were going to write number sentences in short. She explained to learners
how to write number sentences in short using the examples of number sentences written on the
chalkboard. Thus, 3 bananas plus 5 bananas is equal to 8 bananas, which in short form, Teacher
C wrote as 3b + 5b = 8b; 2 oranges plus 1 orange is equal to 3 oranges which was written as 20 +
0 = 30. Teacher C advised learners to use capital letter O when writing number sentences in short
form because small letter o looked like a zero. So, the number sentence was written as 20 + O =
30.

In all her explanations, Teacher C did not explain what a number sentence was to learners. She
concentrated on writing number sentences in short without explaining to learners what a number
sentence was. In terms of explanatory talk, there was no math talk, and this is coded NM, and is
classified as level 1 in the MDI framework (2015).

Introduction of the use of letters in algebra

Teacher C told learners that algebra uses alphabet letters which can be the first letters of the objects.
She presented different objects to learners and asked them to name the objects. The objects shown
to learners were bananas, potatoes, oranges and tomatoes. Teacher C, alone, in front of the learners
modelled number sentences using the objects. She wrote the number sentences that she modelled

on the chalkboard, for example:

3 bananas plus 5 bananas is equal to 8 bananas2 oranges plus 1 orange is equal to 3

oranges
3 potatoes plus 2 potatoes is equal to 5 potatoes.

Teacher C asked the learners to identify the first letters of the names of the objects used in the
modelled number sentences. For example, in a number sentence, 3 bananas plus 5 bananas is equal
to 8 bananas, learners were asked to identify the first letter of the objects used and students said
“b”. Teacher C told learners that the letter b in bananas can be used for writing algebraic
expressions in short. She then wrote the number sentence as 3b + 5b = 8b. She further told learners
that the letter b in the number sentence stands for bananas, instead of writing the whole word

banana, they should just write b. She did the same with other number sentences where learners
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identified the first letters of the objects used as O in 2 oranges plus 1 orange is equal to 3 oranges,
and p in 3 potatoes plus 4 potatoes is equal to 7 potatoes. So, the number sentences were written

as 20 + O =30 and 3p + 4p = 7 p respectively.

Teacher C introduced letters to learners as names or labels of objects. As Kullberg et al. (2017)
explains, with reference to variation theory, it is necessary to use iconic representations, where
pictorial images can be used to improve the recognition that letters are variables or specific
unknown values in an algebraic number sentence, and not as names of objects. Kuchemann (1981)
claims that letters are variables or specific unknown values. In the transcript, the discourse can be
classified as colloquial, non-mathematical (NM) (Adler & Ronda, 2015), since letters in algebra

are not defined as labels. Hence the explanatory talk is of Level 1.
Symbols: Introduction of equal sign and addition symbol

Teacher C modelled the number sentences written on the chalkboard using the objects she brought
to the class. She asked the learners to read the number sentences from the chalkboard, thus, 3
bananas plus 5 bananas is equal to 8 bananas, and then counted 3 bananas and put them in one
group and counted another 5 bananas and put them in another group. Emphasizing on the plus
symbol, she combined the two groups and counted the objects to find the total number of the
objects altogether, and then wrote the answer as 3b +5b = 8b on the chalkboard. While stressing
on equals, Teacher C wrote the answer after the equal sign. The equal sign was used as a symbol

calling for an answer.

From what has been explained above, Teacher C combined the groups of objects she modelled to
come up with a single group of objects to illustrate addition process. An equal sign was used as a
symbol calling for an answer. She did not explain about the use of equal sign to learners. Kullberg
et al. (2017) explains that when introducing algebraic number sentences, the focus of attention
should not only be on finding the answer but also on assisting learners to understand relationships
in a number sentence. Teacher C used addition and equals as used in everyday language, NM, and
everyday procedures, E (Adler & Ronda, 2015).Therefore NM in naming is level 1 and E is level
0 in legitimating.

Introduction of coefficients in algebra to learners
Teacher C told learners that:
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Teacher C:  Where there is one object used, as in a number sentence 2 oranges plus 1
orange is equal to 3 oranges, 1 orange is a coefficient and 1 is not written,

instead you just write the letter so it becomes 20 + O = 30.

From the explanation given by the teacher in the transcript above, concerning coefficients, it seems
that to Teacher C, coefficient means 1 object. Word use is colloquial, NM and explanatory talk |

terms of naming is level 1.

4.3.2 Research Question 2a. What type of resources, examples and tasks for learners do teachers
use to introduce algebra in standard 5?
This sub-chapter provides data on the teaching with a focus on the resources that Teacher C used

and how she used them, and how she selected the examples and tasks for the learners. The
resources used were coded using the MDI framework (Adler & Ronda, 2017), on whether they
were used to achieve the object of learning or not. The examples were rated in terms of similarity
(S) and contrasting (C) and the tasks that the teacher gave to students, were rated on whether the
tasks required learners to carry out a known (K) operation or apply (A) what is known in relation
to the object of learning (Adler & Ronda, 2017).

Types of resources used and how they were used.

The teacher used different objects like bananas, potatoes, tomatoes and oranges which she brought
to class. Teacher C said that the first letters of the names of objects are letters in algebraic number
sentences. Teacher C also used the objects for modelling number sentences. For instance, to
illustrate the meaning of 2 oranges plus 1 orange, Teacher C counted 2 oranges and put them in
one group, then counted 1 orange and put it in another group. Then she combined the two groups

to make a single group of 3 oranges.

From the explanation above, Teacher C used a traditional approach of teaching algebra known as
“fruit salad” (Kuchemann, 1981), where letters are treated as names of objects. She also used
objects as counters. The use of resources in the examples, as well as in the tasks selected for
learners should help learners to understand and achieve the object of learning (Adler and Ronda,
2015). Researchers like Kullberg et al. (2017) recommends, that algebra should be introduced
using multiple representations. The use of objects as resources is categorized to level 1 in

exemplification.
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Teacher’s Selection of Examples

Teacher C used examples from the teachers’ guide and from the learners’ book. She wrote the

examples on the chalkboard. These were the examples that she used:

3 bananas plus 5 bananas equals 8 bananas which in short was written as 3b + 5b = 8b

2 Oranges plus 10range equals 3 Oranges and it was written as 20 + O = 30 in short

form.

According to the MDI framework (Adler & Ronda, 2015), the examples that Teacher C used
provided opportunities for learners to experience one form of variation in terms of similarity (S),

and so of level 1
Teacher’s Selection of Tasks for Learners.

Teacher C asked learners to read the number sentences written on the chalkboard and asked them
to write the number sentences in short on the chalkboard. She at other times invited learners to
write the number sentences on the chalkboard. Finally, Teacher C gave learners a task in form of
an exercise to do individually. The teacher told learners to do exercise 1A on page 105, of the
learners’ book. The task was on writing number sentences in short. The problems were similar to
the examples that the teacher had given learners. The task that the teacher had given learners to do

individually consisted of the following problems:
8 girls plus 4 girls equals 12 girls
3 mangoes plus 3 mangoes equals 6 mangoes
2 bottle tops plus 6 bottle tops equals 8 bottle tops

From observation, the task given to learners had all the problems in standard context form. This
contradicts recommendations by Vincent et al. (2015), who asserts that instead of giving learners
tasks that are of standard context only, teachers should give learners tasks that include some non-
standard problems®, so that the concept of equality relationship between quantities on each side of

an equation is emphasized. The problems were very similar to the examples presented by the

5 Non-standard problems are differently phrased questions that would help learners to recognize familiar algebraic
steps in unfamiliar contexts.
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teacher. Using the MDI framework (Adler & Ronda, 2015), the tasks that the teacher gave learners
could only provide learners with an opportunity to practice known procedures and operations (K),

therefore, classified as level 1 tasks.

4.3.3 Research Question 3: What opportunities are provided for learners’ participation?
This sub-chapter presents data on the opportunities that the teacher provided for learners to explore

and discover the meaning of a number sentence and other algebraic concepts. Teacher C provided
learners with opportunities to speak in the lesson by asking them to read the number sentences she
wrote on the chalkboard, both individually and in choir. She also gave learners an exercise to write
individually. Teacher C demonstrated the procedures in all the examples, therefore, she reduced
learner’s tasks to arithmetic operations, and participation to answering Yes /No, for example, “Are
we together class?” This is what is coded Y/N, and classified as level 1, in the MDI framework
(Adler & Ronda, 2015). She also provided learners with opportunities to speak short expressions
P/S (phrases and sentences) in more than one episode by asking what and how questions, and this
is classified as level 2 (Adler & Ronda, 2015). Teacher C did not ask learners why questions which
would have provided learners with opportunities to explore and discover the object of learning and

the meaning of algebraic concepts. Therefore, learner participation was Y/N, P/S and level 2.

4.3.4 Research Question 4: How do Standard 5 learners participate in algebra lessons?
This sub-chapter is concerned with how the teacher carried out class activities (methods used) so

that all learners were involved in the teaching and learning process.

Teacher C involved learners individually by giving them a task in form of an exercise to do. She
also asked learners to read number sentences written on the chalkboard, as such, learners were
invited to participate through speaking in choir. Teacher C allowed learners to participate
individually through verbal and written exercises. The questions the teacher asked during the
lesson required learners to answer Yes/ No answers (choral responding), for example the teacher
would ask learners, “are we together class?” and at other times the what and how questions, For
example, the teacher could ask learners, “How can you write 3 mangoes plus 3 mangoes in short?”,
learners individually would answer 3m + 3m. The teacher could ask learners to identify the first
letter of the objects that were being used for modelling number sentences, for example, she could

say: “what is the first letter in potatoes?”
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Teacher C used questions that enabled learners to participate individually and in choir. She also
used the what/ how questions where learners could say some phrases and sentences. Therefore,
learner participation was Y/N, P/S and this is classified as level 2 (Adler & Ronda, 2015).

4.4 Data from Lesson plan: Teacher A
In this chapter, I present data from analysis of the lesson plan for Teacher A, which was analysed

in line with each research question. The object of learning which was written in the lesson plan

was “Writing number sentences.”

4.4.1 Research question 1: How do teachers introduce (explain) the algebraic concepts to Standard
5 learners?
In this sub-chapter, | present data from the analysed lesson plan on how the teacher explained the

concept of number sentence in algebra to learners, the use of letters, symbols and coefficient. Data
was rated on how the concepts were explained by the teacher in a lesson plan in relation to the

object of learning.
Introduction of number sentence in algebra.

In the lesson plan, Teacher A indicated that he intended to discuss with learners the meaning of
number sentence as, “a way of expressing the relationship of numbers.” He indicated in the lesson

plan that he would show learners a chart with the following mathematical statements:

2 bottle tops + 6 bottle tops = 8 bottle tops
3 leaves + 3 leaves = 6 leaves
3 guavas + 4 guavas = 7 guavas

Teacher A mentioned in the lesson plan that he would ask learners to read the number sentences
aloud. The lesson plan showed that he had planned to discuss with learner how to write the number
sentences in short. If Teacher A was to discuss the meaning of number sentence with the learners
in the real classroom situation, then, the explanatory talk would have been classified as level 3,
and coded D according to MDI framework (2015).

Use of letters in algebra

Teacher A did not mention anything about the use of letters in algebraic expression in the lesson

plan.
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Symbols: Use of equal sign and addition symbol

Teacher A did not mention anything concerning the use of equal sign and addition symbol in a
number sentence in the lesson plan. What was seen in his lesson plan were examples of writing
number sentences in short. One of the number sentences that he wrote in his lesson plan as a task
for learners was 4 cups + 5 cups = 9 cups, which was written in short in the learners activities

column as 4c¢ + 5¢ = 9c, as an expected answer.
Explanations on the meaning of coefficient
Teacher A did not write anything about the meaning of coefficient in the lesson plan.

4.4.2 Research Question 2a. What type of resources, examples and tasks for learners do teachers
use to introduce algebra in standard 5?
This sub-chapter provides data from lesson plan for Teacher A on the resources that the teacher

planned to use and how he selected the examples and tasks for learners. The resources he had
planned to use were rated on whether they were planned to achieve the object of learning. The
examples were rated on similar and contrasting, and the tasks that the teacher planned for students
in the lesson plan were rated on whether they would require learners to carry out known (K)
operations or apply (A) what is known in relation to the object of learning (Adler & Ronda, 2015).

Resources used and how they were used

The lesson plan indicated that Teacher A planned to use a chart with number sentences, bottle tops,
leaves and learners books as resources. Teacher A indicated in his lesson plan that he would show
learners a chart with number sentences and then ask them to read aloud the number sentences
written on the chart, and then discuss with them how to write the number sentences in short. The
number sentences which the teacher indicated in the lesson plan that they were written on the chart

were:
2 bottle tops + 6 bottle tops = 8 bottle tops
3 leaves + 3 leaves = 6 leaves.

From what was written in the lesson plan, it shows that Teacher A planned to use the chart with
number sentences to show learners what number sentences are, ask them to read the number

sentences, and then discuss with learners how to write the number sentences on the chart in short.

54



He did not mention anything on how he was to use the bottle tops, the leaves and the learners’

books in his lesson plan.
Teacher’s selection of examples

Teacher A’s lesson plan showed that he used examples from the learners’ books. The examples
that he planned to discuss with learners were from exercise 1A, page 105 (MIE, 2007). The lesson
plan did not have any additional examples written in it apart from those which the teacher planned
to write on the chart.

Tasks selected for learners

In his lesson plan, Teacher A had included two oral questions he planned to ask learners:
3 mangoes + 4 mangoes =
13 pens+2pens=__

He also planned to ask learners to do exercise 1A, numbers 2 and 5 on page 105 (MIE, 2007). In
his conclusion in the lesson plan, the teacher wrote the number sentence, “The sum of 12 goats
and 25 goats is 37 goats ” which he mentioned in his lesson plan that he would ask one volunteer

learner to write it in short on the chalkboard.

The lesson plan showed tasks of the same type where learners were required to use known
operation (K). Therefore, the lesson plan contained level 1 tasks according to the MDI framework
(Adler & Ronda, 2015)

4.4.3 Research Question 3: What opportunities are provided for learners’ participation?
In the lesson plan, Teacher A planned to ask learners to read number sentences on the chart, giving

learners an opportunity to speak. He also planned to ask to learners oral questions, this would
enable learners to speak some sentences (P/S). He also planned to give learners individual work to
do, thereby providing an opportunity for students to accept responsibility of their own work. The
teacher did not plan for any activity that would enable learners to explore the meaning of number
sentence. There were no examples of situations where the teacher planned to ask learners questions
that would enable learners to speak yes/ no, but there were opportunities for learners to say some
sentences through reading of number sentences and answering of oral questions. Opportunities for

learners to answer questions and speak some phrases/sentences are coded P/S in the MDI
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framework, implying level 2 (Adler & Ronda, 2015). Teacher A did not have any how/ what and
why questions in his lesson plan yet he indicated in the lesson plan that he would discuss with
learners the meaning of number sentence. He did not show how he would conduct the discussions.
In the MDI framework, discussions are coded D. Teacher A, in his lesson plan, showed an example
of P/S and D as opportunities for learner participation, which is level 3 in the MDI framework
(Adler & Rhonda, 2015)

4.4.4 Research Question 4: How do Standard 5 learners participate in algebra lessons?
Teacher A had planned for learner involvement through individual work. In his lesson plan he had

written that he would ask learners to open their books at page 105 and do exercise 1A, numbers 2
and 5 (MIE, 2007). He wrote in his lesson plan that he would ask learners following oral questions:

3 mangoes + 4 mangoes =
13 pens + 2 pens =

He also planned to invite a volunteer learner to write in short on the chalkboard the number

sentence: “The sum of 12 goats and 25 goats is 37 goats.”

He planned to discuss with learners the meaning of number sentence and how to write number
sentences in short. Involving learners in discussion is coded D in the MDI framework and is level
3 (Adler & Rhonda, 2015).

4.5 Data from Lesson plan: Teacher B
The sub-chapter presents data from the lesson plan for Teacher B. Below, | present data on each

research question separately. The object of learning which was written in the lesson plan was

“Completing number sentences.”

4.5.1 Research question 1: How do teachers introduce (explain) the algebraic concepts to Standard
5 learners?
| present data on what the teacher wrote in her lesson plan on the meaning of number sentence, on

how letters, symbols and coefficients were to be introduced and explained to learners. Data
presented is rated on how the algebraic concepts were explained by the teacher in a lesson plan in

relation to the object of learning.
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Teacher’s explanation of number sentence in algebra.

Teacher B did not write anything about the meaning of number sentence in her lesson plan. She
had written tasks for learners to do both in the introduction and developmental steps. The problems
she wrote in her lesson plan involved completing number sentences, where there were gaps in the

number sentences for learners to fill in. Some of the problems presented in the lesson plan were:

dy+ =7y
__+5b=14b
3n— =2n

The focus was on filling the blank spaces in order to complete the number sentences.
Use of letters in algebra

Teacher B did not mention anything about the use of letters in a number sentences in her lesson

plan.
Symbols: Use of equal sign and addition symbol

Teacher B did not mention anything about the use of the equal sign and addition symbol in a

number sentence as well as in algebra, in her lesson plan.
Explanations on the meaning of coefficients
Teacher B did not write anything about the coefficients in her lesson plan.

4.5.2 Research Question 2a. What type of resources, examples and tasks for learners do teachers
use to introduce algebra in standard 5?
I present and analyse data on the resources, examples and tasks that Teacher B planned to use in

her lesson. Data on the resources is on the type of resources that the teacher planned to use in the
lesson, how she planned to use them so that they would help learners understand the object of
learning. The examples were rated on similarity (S) and contrast (C) and the tasks that the teacher
planned for learners in the lesson plan were rated on whether they required learners to carry out a
known (K) operation or apply (A) what is known in relation to the object of learning (Adler &
Ronda, 2017) and (Adler & Ronda, 2015).
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Resources used and how they were used

Teacher B indicated in her lesson plan that she would use number cards and counters in her lesson.
In step 1 of the developmental steps of her lesson plan, Teacher B wrote “provide the number
cards and counters to learners then let learners solve __ + 5b = 14b in groups.” She did not
elaborate in the lesson plan what learners were actually going to do with the resources she

provided.
Teacher’s selection of examples

Teacher B had the following problems in her lesson plan which she planned to solve together with
learners as examples. She mentioned in her lesson plan that she would ask learners to solve first,
then discuss later together. The examples that were written in the lesson plan for learners to solve

WEre:

9 birds take away 4 birds

dy+ =17y
9b+ =14b
3n— =2n

Teacher B planned to use addition and subtraction problems as examples in the lesson plan.
Therefore, the examples that the teacher planned to use showed two forms of variation, contrasting
(C) and classified as level 2 examples according to the MDI framework (Adler & Ronda, 2017,
Adler & Ronda, 2015).

Tasks selected for learners

Teacher B in the lesson plan stated that she planned to ask learners to solve “9 birds take away 4
birds = __,” in pairs in the introduction part of the lesson plan. Then in step 1, she wrote that she
would ask learners to solve __ + 5b = 9b in groups. In step 2, Teacher B planned to ask learners
to solve 3n— __ = 2n individually. Finally, the teacher planned to ask the learners to do exercise
2 on page 106 in their textbook (MIE, 2007).
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From what the teacher presented in her lesson plan, the tasks required learners to use known
operations (K), and make some applications (A). Therefore, the tasks were of level 2 according to
the MDI framework and (Adler & Ronda, 2015).

4.5.3 Research Question 3: What opportunities are provided for learners’ participation?
This part presents data and analysis of data on the opportunities that the teacher had planned to

provide for learners so that they explore and discover the meaning of a number sentence and how
to complete number sentences. It also presents data on the activities that the teacher planned for
learners in order to provide opportunities for them to understand the meaning of letters,

coefficients, and equal sign and addition symbols in a number sentence.

In her lesson plan, Teacher B planned to give learners work to do in pairs and in groups. She had
planned that learners would work with others in small groupings where she would provide them
with number cards and counters to solve the problem __ + 5b = 14b. This would enable learners
speak some mathematical sentences, which in real classroom situation would have been coded
(P/S) according to the MDI framework (Adler & Ronda, 2015). However, she did not mention
where the problem would be written, whether on the chalkboard or on the number cards. By
planning for individual work, she provided an opportunity for learners to accept responsibility of
their own work. The teacher did not plan for any activity in her lesson plan that would have helped
learners to explore the meaning of number sentence. The lesson plan did not show anywhere that
the teacher planned to ask learners questions that would have enabled them to speak yes/ no.
Teacher B did not have any how/what and why questions in her lesson plan. The teacher indicated
in the lesson plan that she would discuss with learners the answers to the problems in the task that
was planned for learners to do. According to MDI framework, discussions in a mathematics lesson
are coded D. Therefore, Teacher B planned for the activities that showed P/S and D learner
participation, which then imply that the work in the lesson plan can be classified as level 3 (Adler
& Ronda, 2015).

4.5.4 Research Question 4: How do Standard 5 learners participate in algebra lessons?
Teacher B planned to use pair work, group work and individual work. She also had planned to

involve learners verbally during class discussion and to give learners individual work from,
exercise 2 on page 106 in learners book (MIE, 2007). She planned to discuss with learners the

answers to the problems in the task that was given to them as an exercise. Involving learners in
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group work, and discussion is coded D in the MDI framework and is level 3 (Adler & Ronda,
2015).

4.6 Data from Interviews: Teacher A
The interviews were conducted after lesson observations. They were conducted to collect data on

the resources that Teacher A use when introducing algebra to Standard 5 learners, a class where
algebra is introduced for the first time as a topic in primary schools in Malawi. The interviewer
sought to find out why Teacher A chooses to use the resources he mentioned, how he selects
examples and tasks for the learners. Teacher A was also asked to explain where he gets the
examples and tasks as well as the explanations about the algebraic concepts that he gives learners
from. The interviews were set to answer four research questions of this study, and an interview
guide with questions guided by the research questions was used. Some of the questions asked to
the respondent were guided by the teaching as observed by the researcher during the lesson
observations. The interviews were semi-structured, as such, some questions asked were follow up
questions and modified questions depending on the responses given by Teacher A. The following

were the research questions which were addressed through interviews:
1. How do teachers introduce (explain) the algebraic concepts to Standard 5 learners.

2 (a). What type of resources, examples and tasks for learners do teachers use to introduce
algebra in Standard 5?

2 (b). What argument do teachers give for the resources, examples and tasks they use to introduce

algebra in standard 5?
4. How do Standard 5 learners participate in algebra lessons?

On research question 1, the researcher wanted to find out where Teacher A got information on how
to explain the algebraic concepts to learners during the teaching from. On research questions 2a
and 2b, the main focus was on the reasons that the teacher had for choosing the resources, the
examples and tasks that he used to introduce algebra during his lessons. Finally, research question
4 aimed at finding out from the teacher how he involves learners in class activities. Data in the
sub-chapters below is presented according to the research questions that were answered through

interviews.
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The researcher used an interview guide during interviews, see an interview guide (Appendix 2),
and in some cases follow up questions were used. These were the modified questions based on
what was observed during the teaching and also on the responses given by Teacher A. Teacher A
was allowed to respond in the language he felt comfortable, and he chose to respond to the

questions in English throughout the interviews.

4.6.1 Research question 1: How do teachers introduce (explain) the algebraic concepts to Standard
5 learners?
On this research question, the researcher wanted to find out from Teacher A how he introduces

algebraic concepts when teaching algebra to learners in standard 5 for the first time. This was part

of the conversation between the researcher and Teacher A:

Interviewer: How do you introduce the algebraic concepts to learners? Algebraic
concepts such as letters, symbols like plus, equals as well as coefficients
which are introduced in Standard 5 in number sentences. How do you
explain these concepts to learners when you are teaching algebra for the

first time?

Teacher C:  Okay. So, we normally explain to them that we can have maybe a group of
similar objects like stones whereby we can have a number of stones, maybe
seven stones whereby stones can also be represented by a letter s whereby
we can try to add or subtract those stones. For example, seven stones minus
six stones. It'll give us a certain number whereby we can have a number
with a letter together. So normally we explain the concept of algebra to
learners basing on those things like coefficients. We can include the

coefficients even letters as well. That’s all I can say.

From the transcript, it shows that Teacher A use objects when introducing the concept of letters in
algebra and models the addition process using the objects. He gave an example of using stones to
introduce letter S where he said the letter S stand for stones. He further said that when introducing
letters to learners for the first time, he thinks of which letters to use since some of the letters can

be used while others cannot be used. He further explained:

Teacher A:  We can use a small letter b or we can use a small letter x whereby if we can

use letter x it should be a small letter instead of using a capital letter because
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a capital letter X is a symbol for multiplication and this can confuse

learners.

According to the explanations given by Teacher A, to him letters are names of objects. The
teacher’s use of objects to introduce algebra contradicts with what other researchers like
Kuchemann (1981) asserts, that though encouraged by some algebra texts, letters should not be
introduced as names of objects in algebra to minimise learners’ misconception of “letter as object”.
The explanations on how Teacher A introduces equal sign, addition symbol and coefficients are
not clear in the transcript. Therefore, it is difficult to interpret what he meant in his responses. It
indicates that Teacher A might not have much knowledge about the algebraic concepts and how
to introduce them to learners. When asked where he gets the explanations from by the interviewer,

this is what he said:

Interviewer: Do you have anywhere you get these explanations from?

Teacher A:  Okay, most of the times we get those explanations from their books,
or sometimes you just think of how | can explain the concept to
learners so that those learners can easily understand. But first we go
by the book, then if there is any other option to add, we add
according to how the situation is to make the learners well

understand.

Teacher A responded that he gets the explanations from the textbooks, or sometimes he just thinks
of how he can explain the concepts to learners so that they easily understand them. This entails
that Teacher A depends on the Standard 5 textbooks (MIE, 2007) for information to teach. When
he does not get enough information from the textbooks, especially when the information is not
much detailed, Teacher A said that he just thinks of what to teach learners. Explaining that letters
are names of objects in the teaching would be non-mathematical (NM) in terms of MDI framework,
and of level 1 word use (Adler & Ronda, 2015).

4.6.2 Research Question 2a. What type of resources, examples and tasks for learners do teachers
use to introduce algebra in Standard 5?
Teacher A was asked about the resources that he uses when teaching algebra for the first time to

Standard 5 learners, where the first lesson, for example is on writing number sentences. This is

what was said during the interviews:
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Interviewer: What resources do you use when introducing algebra in Standard 5,

where the first lesson is on number sentences?

Teacher A:  OK, so when we're introducing the topic of algebra in Standard 5, we
normally use resources like stones, seeds. We can talk of any seeds like
maize seeds, bean seeds even other seeds that we can use simply to
introduce number sentence in algebra. Even leaves we can also include

those things.

From the conversation in the transcript above, Teacher A explained that he uses objects like stones,
leaves and seeds such as maize seeds and bean seeds when introducing algebra to beginners in
Standard 5. The first letter of an object becomes a letter in an algebraic number sentence or
expression. When asked where he gets the examples and tasks from, he said he normally gets them
from the resources he use, for example if using stones he can use letter s and when using bananas

he can use letter b. This is what Teacher A said:

Interviewer: What type of examples do you use to introduce algebra, especially when

you are introducing letters?

Teacher A:  Some of the examples which | use when | am introducing algebra are
examples with letters. Mainly for those letters, | also consider some letters
they can be used while other letters cannot be used. If they are used, we use
capital letters, for example, letter B; we can use a small letter b, or we can
use a small letter x if using letter x in an example instead of using a capital
letter because a capital letter X is a symbol for multiplication and this can

confuse learners. So we use small letters like a, b, s like that.

From Teacher A explanations, he uses objects when introducing algebra. He said that selection of
the examples and tasks depends on the objects available for use as teaching and learning resources.
He said he chooses the examples where letters can be used as names of objects like bananas, stones.
Teacher A argued learners to always use small letter x in a number sentence to avoid confusing it
with multiplication sign. He said if x is used as a capital letter it can be taken as a multiplication
symbol because multiplication symbols are always written in capital letters. If this was what he
had done in class during the teaching, it would have been classified as non-mathematical, NM in
MDI framework (Adler & Ronda, 2015).
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4.6.3 Research Question 2b. What argument do teachers give for the resources, examples and
tasks they use to introduce algebra in Standard 57?
When asked why he chooses to use resources like stones, seeds and leaves, Teacher A said:

Interviewer:  Why do you decide to use those resources?

Teacher A:  Those resources mainly are used because they are locally available. We

can easily find them.

Teacher A:  And, in most cases they are also the resources which are of the same
category. Normally if they are bananas, If they are fruits like bananas, it
means that we can use bananas, which are locally available. If we can
take resources like stones they are also locally available of which they
can also be many whereby we can split to learners at least each of the
learner can also have those sources. So, they are adequate as well as

locally available.

Teacher A said that he chooses to use the objects such as fruits, seeds, leaves and stones as

mentioned earlier on, when introducing algebra to Standard 5 learners because:
Those objects are locally available

They are of the same category

That they can be collected in abundance and be adequately split to all the learners.

He said that the selection of examples depends on the available objects, and how familiar they are
to learners. For example, Teacher A said that he can use fruits like bananas, where 5 bananas can

be represented as 5b in an example because learners are familiar with bananas.

In his explanations, Teacher A showed that he introduces algebra in a traditional “fruit salad”
approach, he looks for locally available, familiar and objects that are adequate to use. This is an
implication that Teacher A does not have an idea that “fruit salad” approach to algebra teaching is
not recommended by other researchers like Kuchemann, (1981). Kuchemann (1981) said that
introducing letters in algebra using objects can lead to the misconception of the “letter as object.”
Using objects and not representations would have been non mathematical, NM, and would have
been classified as level 1 (Adler & Ronda, 2015).
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4.6.4 Research Question 3: What opportunities are provided for learners’ participation?
Teacher A was asked about the learning opportunities he provides to learners during the lessons

so that the object of learning is achieved. Teacher A said:

Interviewer:

Teacher A:

What learning opportunities do you provide for learners so that they

discover the meaning of new concepts they are learning?

As | have said already, the learners will be able to count how many learners

are there altogether, in this case learners are being involved.

From what Teacher A said, concerning opportunities for learner participation, it draws an

implication that he is not sure of the learning opportunities that he can provide for learner

participation in his algebra lessons for the learners to learn new concepts.

4.6.5 Research Question 4: How do Standard 5 learners participate in algebra lessons?
Teacher A said that he involves learners to participate in the lesson by putting learners in small

groups to represent learners in the classroom situation. This was what he said:

Interviewer:

Teacher A:

Interviewer:

Teacher A:

How do you involve learners when teaching algebra?

Okay (...) how =

~ yeah, if you are introducing algebra for the first time, and introducing
algebraic concepts such as letters, algebraic number sentences, how do

you involve learners in class activities?

Okay, when I am introducing the concept of algebra, I involve learners in
the way that | can group a number of learners whereby learners is
representing those learners in the classroom situation. So | can then put
maybe a number of learners whereby they can be four and the other group
can be five. Whereby we can count together with learners how many
learners are there? The learners can respond by saying five. So you can
write five, and its five what? Are they bananas or fruits or what? And those
learners can respond by saying, are learners. So instead of writing the full
learners we can just write the L which is representing learners. So we
include learners to explain the concept of algebra by also making some

small groups whereby we can add those learners together, or we can subtract
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so those letters will represent the learners, we can use L to represent
learners, whereby in that situation I think and | hope that in that way we are

also including those learners to explain the concept of algebra.

From the transcript, Teacher A’s explanation on learner involvement in the lesson, showed that he
uses learners as resources in his lessons. His response to the question can be interpreted that he did
not understand what to involve learners in a lesson means, despite the modification of the question
by the researcher. If this was teaching in classroom, this would have been coded NM, and level 1
of naming in the MDI framework (Adler & Ronda, 2015).

4.7 Data from Interviews: Teacher B
The interview was conducted to answer all the four research questions of this study, guided by the

interview guide. The interview was used to collect data on the resources that Teacher B use when
introducing algebra to Standard 5 learners as beginners, the reasons why she uses the resources
mentioned, how she selects examples and tasks for learners, where she gets the examples and tasks

from, and where she gets the explanations about algebraic concepts from.

4.7.1 Research question 1: How do teachers introduce (explain) the algebraic concepts to Standard
5 learners?
The researcher asked Teacher B:

Interviewer: How do you explain algebraic concepts to Standard 5 learners, a class where

algebraic concepts are introduced for the first time?

Teacher B:  (Um...) it is somehow difficult to explain for the first time, but with
resources, with example from themselves and emphasize explanations, it is

not all that difficult, and with resources they understand better.

When Teacher B was asked where she gets the explanations from, this is what she said:

Teacher B:  As for me, the explanations are from my past experience, what | remember
from my secondary school education. If | forget, | ask my fellow teachers
to assist me. There are no explanations about algebraic concepts in the

teacher’s guide for Standard 5.

Teacher B said that she uses resources to introduce and explain the algebraic concepts to learners.

However, in her response she did not clearly explain how the resources are used. She also said
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that she depends on the knowledge of algebra which she got from her secondary school education.
This is because the Standard 5 mathematics teacher’s guide and learners’ book do not provide
explanations on the algebraic concepts. She further said that she consults fellow teachers for
assistance when she fails to remember a certain concept. From what Teacher B explained
concerning the source of information on the algebraic concepts, it might be that Teacher A does
not have much knowledge for teaching algebraic concepts to learners. She complained in her
explanations during the interview that the teacher’s guide does not contain detailed information
that would help her teach the topic of algebra effectively. However, the use of objects would have
been classified as level one under exemplification (Adler & Ronda, 2015), if this was the actual

teaching in class.

4.7.2 Research Question 2a. What type of resources, examples and tasks for learners do teachers
use to introduce algebra in Standard 5?
The interviewer and Teacher B had this to discuss on the resources:

Interviewer: What resources do you use when you are introducing algebra in the
Standard 5?

Teacher B: | use stones, leaves and sticks, as the resources that are familiar.

Teacher B said that she uses stones, leaves and sticks when introducing algebra to learners in
Standard 5. She further said that she makes sure that she uses objects of the same kind, for example,
if she chooses to use bananas, she makes sure that she uses bananas in the example, no mixing of

objects. On selection of examples and tasks for learners, Teacher B said the following:

Interviewer: What examples do you use to introduce algebra, especially when you are

introducing letters?

Teacher B:  (sighs...) usually, for example, if we're talking of five bananas, I just have

to make sure that I'm dealing with bananas only. Yeah.

Teacher B: It's like we don't mix like bananas and mangoes so that learners should get
used to understand that when we add, we add things of the same group,
when we're subtracting, we subtract things of the same group. On their

level, they understand better when using those kind of examples.
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In the transcript, Teacher B said that she uses objects of the same kind when giving examples to
learners. This can be said that if it was in class, she would have used S, and level 1 examples (Adler
& Ronda, 2015). She said that she picks some of the examples and tasks from the text books,
sometimes she creates the examples, while other examples come from learners themselves. She
gave an example of a situation where she asked learners to create number sentences during her

lesson.

4.7.3 Research Question 2b. What argument do teachers give for the resources, examples and
tasks they use to introduce algebra in Standard 5?
On this research question, the researcher wanted to find out the reasons for using the resources,

the examples and tasks that Teacher B mentioned she use. This is what was said during the

interview:

Interviewer:  Why do you decide to choose those resources?

Teacher B:  Yeah, I think I've already said that those resources, are a kind of objects
that learners are familiar with. So even if we introduce them with the

numbers, it wouldn’t be very new to them.

On the question why she uses the resources she mentioned, Teacher B said that she uses objects
that are familiar to learners to introduce the concept of letters. According to the transcript, to her,
letters are names of objects. When selecting examples, she looks for familiar objects to use as
letters in the examples. To her, letters in algebra represent familiar objects, and that learners can

understand the concept of letters better if they are introduced to them using familiar objects.

When asked about the reasons why she selects the examples and the tasks that she uses in her

algebra lessons, this was her response:

Interviewer:  Why do you select the examples and tasks which you give learners in your algebra
lessons? Examples using resources that are familiar to them, examples using resources that are

from the same class?

Teacher B:  You know, the word algebra itself is somehow/ maybe very strange to them.
So, with those examples that are familiar to them, the objects that are
familiar to them it’s like they are learning in a real environment. They

understand better because they're already familiar with the numbers. Now
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with just the other examples, like five boys, five girls, it's like we are mixing
now the letters and the numbers. So if we use the familiar examples, it won't
seem to them like the strange algebra. It will be just like a continuation of

just numbers and letters.
Interviewer:  Where do you get the examples from?

Teacher B: ~ Some examples, and most of them can be better if they come from the
learners themselves. Yeah. As you observed in the lesson | was writing, they
were formulating their own number sentences after they understood what a
number sentence is. So, usually | use those examples from learners

themselves. Then | also create mine and use some from the books.

From the transcript, Teacher B said that she uses familiar examples and tasks. If this was done in
class, it would have been said that she uses examples that provide learners with opportunities to
experience one form of variation in terms of similarity (S) (Adler & Ronda, 2017; Adler & Ronda,
2015).

4.7.4 Research Question 3: What opportunities are provided for learners’ participation?
Teacher B said:

Interviewer:  What learning opportunities do you provide for learners so that they

discover the meaning of new concepts they are learning?

Teacher B: I sometimes ask them to mark each other’s work, now that is peer

assessment.

From what Teacher B said, if this was to be done in class, the learning opportunities for learners
would be classified as level 3, MDI framework (Adler & Ronda, 2015).

4.7.5 Research Question 4: How do Standard 5 learners participate in algebra lessons?
Teacher B had this to say on this research question:

Interviewer:  How do you involve learners when introducing algebra?

Teacher B: | use different methods. As you saw in the lesson, there was individual work

there. There was also some kind of discussion in pairs
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Teacher B:  There were also groups when they were solving their number sentences
from the number cards. They were doing it in groups. So, we used different
methods. When | give them the homework, that means when they go home,
that is the research now. If they have problems, they have to ask from other

people at home.

From the transcription, we can see that Teacher B said that she involves learners in algebra lessons
by giving them individual work to do. Teacher B further explained that she allows learners to work
in pairs and in groups, through this they share and discuss ideas. By giving learners opportunities
in class to discuss, is coded D. If Teacher B was to use discussions in her lesson, the opportunities

for learner participation would be of level 3 in the MDI framework (Adler & Ronda, 2015).

4.8 Data from Interviews: Teacher C
The interviews with Teacher C were not audio recorded. The participant had initially given consent

to be recorded, but changed her mind. However, Teacher C allowed to be interviewed without
being audio recorded, and allowed for the researcher to take notes during the interview. Hence, the
responses given by Teacher C were being written down by the researcher. Data collected was on
the resources that Teacher C use when introducing algebra to standard 5 learners as beginners, the
reasons why she uses the resources mentioned, how she selects the examples and tasks for learners,
where she gets the examples and tasks from, and where she gets the explanations about algebraic

concepts from.

4.8.1 Research question 1: How do teachers introduce (explain) the algebraic concepts to Standard
5 learners?
Teacher C was asked to say how she “explains algebraic concepts to Standard 5 learners, a class

where algebraic concepts are introduced for the first time?” Teacher C responded that she gives
learners number sentences with missing numbers, for example __ + 5b = 14b, and asks them to
identify the missing number. However, Teacher C did not explain much on how the giving of
learners the number cards with missing items would help learners understand the basic algebraic
concepts. The researcher, unfortunately, did not ask the teacher a follow up question to give her an
opportunity to explain further. She did not mention about any algebraic concept that can be
introduced through identification of a missing number, this raises questions whether this teacher

knew what the researcher meant by algebraic concepts. Therefore, explanatory talk on the
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algebraic concepts would have been rated non mathematical, NM, and level 1 if it was real

teaching.

4.8.2 Research Question 2a. What type of resources, examples and tasks for students do teachers
use to introduce algebra in Standard 5?
The interviewer asked Teacher C about the resources that she uses when introducing algebra to

Standard 5 learners being a class where algebra is introduced as a topic for the first time. She said,
she uses objects like oranges, tomatoes, potatoes, and books. When Teacher C was asked how she
selects the examples and tasks for learners, she said that she does not select the examples, but she
uses the examples that have been given in the textbooks, thus in the learners’ book and the teacher’s
guide. When asked an additional question by the researcher to find out if she creates some
examples basing on the real life situations, Teacher C said that she does not create own examples
for the learners. On the selection of tasks, she said she gives learners tasks following the activities
and instructions that have been suggested in the teacher’s guide. She said that she normally gives
learners exercises from the learners’ book. From her explanations, Teacher C seems to rely much
on the prescribed textbooks for information and gives learners exercises that are found in the

textbooks for practice.

The way she explained during the interviews, if it was teaching in a classroom situation, the level
of examples and tasks would be of level 1 (Adler & Ronda, 2015).

4.8.3 Research Question 2b. What argument do teachers give for the resources, examples and
tasks they use to introduce algebra in Standard 5?
The interviewer asked Teacher C to explain why she chooses to use the resources she mentioned

in chapter 4.8.2, in her lessons. Teacher C responded that she uses the resources which she
mentioned in chapter 4.8.2 for easy communication to the learners, so that they have knowledge
of algebra, and for learners to visualize what the teacher is talking about. On the part of examples
and tasks, she said she picks the examples and exercises from Standard 5 textbooks, she does not
create examples. However, it is difficult to interpret what she meant by saying the resources are

for easy communication, so that learners have the knowledge of algebra.

4.5.3 Research Question 3: What opportunities are provided for learners’ participation?
When asked about the opportunities of learning that Teacher C provides for learners so that they

all participate in the lessons, she responded that she asks learners to model number sentences.

Teacher C said that by doing so, she provides opportunities for hands-on activities. This is what
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she said, “Learners will practice modelling number sentences using objects and they will visualize
what they are doing.” However, the modelling that Teacher C talked about as observed in her
lesson during the teaching is about modelling addition of numbers just as in arithmetic. If this was
in a lesson, it would have raised questions whether the modelling done provided opportunities for
learners to learn new algebraic concepts. Therefore, it would be classified level 1, NM, of learner
participation of the MDI framework, (2015).

4.8.4 Research Question 4: How do Standard 5 learners participate in algebra lessons?
The interviewer asked Teacher C to explain how she involves learners in her lessons. She said that

she gives learners some work to do both individually and in groups. For example, she said that she
can provide learners with bananas or tomatoes or any other objects in their groups to model the
number sentences. In her explanation during the interviews, she gave an example of asking learners
to model 3 bananas plus 5 bananas is equal to 8 bananas in their groups. This implies that Teacher

C uses group work in her lessons.

Effective group work encourages learners to speak and share ideas through discussion. If the use
of discussion was in the class, learner participation would be classified as level 3 in the MDI
framework (Adler & Ronda, 2015).

4.9 Chapter summary
This chapter has presented data and findings from the teaching, the lesson plans and the interviews.

Data from the teaching has been presented for all the three teachers and schools which participated
in the research study. Data collected from the teaching and from the lesson plans was expected to
be similar since the lesson plans which were collected for data analysis were the ones the teachers
used to guide their teaching during lesson. However, this was not the case. Both Teachers A and
B who had lesson plans on the day of lesson observations, wrote undetailed lesson plans which
lacked some information as observed during lessons. They did not explain in their lesson plans
how they would introduce the algebraic concepts to learners and how they would use the resources
they mentioned in their lesson plans. However, both Teacher A and Teacher B used the objects
they mentioned in the lesson plans for letter generation, and also as counters during the lessons.
Teacher A and Teacher B showed in their lesson plans that they would discuss with learners the
meaning of number sentence through the examples they planned to present to learners, but did not

elaborate in the lesson plan on how the discussions would be conducted to ensure effective learner
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involvement. During the teaching, Teacher A showed learners examples of number sentences by
saying “these are number sentences” while pointing to the number sentences on a chart, and then
told learners the definition of a number sentence. Teacher B, most of the times switched to
vernacular language in trying to instruct learners on what to do. Both Teacher A and Teacher B
planned for lessons that according to the MDI framework would be categorised as level 3 of learner
participation (Adler & Ronda, 2015). For instance, they mentioned in the lesson plans that learners
would be engaged in discussions. In the contrary, during the actual teaching, there was low levels
of learner involvement in the lesson, and the opportunities for learner participation was level 2
according to the MDI framework. There were no discussions throughout in the lessons as
mentioned in the lesson plans. Both Teachers A and B demonstrated how to write number
sentences to learners. Teacher C said that she did not have a lesson plan on the day of lesson
observation. As such, her lesson was observed without a lesson plan. The table below summarises
the findings from the teaching, lesson plans and interviews for the three teachers on

exemplification, explanatory talk and learner participation:

Data source Examples Tasks Explanatory | Learner
talk participation
Data from | Teacher A S, Level 1 K, Level 1 NM, Level 1 | Y/N, P/S,
the teaching Level 2
Teacher B C—S, Level | K, Levell NM, Level 1 | Y/N, P/S,
1 Level 2
Teacher C S, Level 1 K, level 1 NM, Level 1 | Y/N, P/S,
Level 2
Data from | Teacher A S, Level 1 K, level 1 D, level 3 P/S, Level 2
lesson plans | Teacher B C, Level 2 C, level 2 NM, Level 1 | D, Level 3
Data from | Teacher A S, Level 1 K, Level 1 NM, Level 1 | Y/N, Level 1
the Teacher B S, Level 1 K, Level 1 NM, Level 1 | Y/N, P/S,
interviews Level 2
Teacher C S, Level 1 K, Level 1 NM, Level 1 | Y/N, P/S,
Level 1

Table 4: Summary of findings for the three teachers
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The next chapter presents the discussion of the findings, conclusion, implications and

recommendations.
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5 Discussion of Findings, Conclusion, Implications and Recommendations
This chapter presents discussion of the research findings, conclusion, implications of the findings

and recommendations for future study

5.1 Discussions of Findings
According to the findings of this study, data from the teaching shows that all the three teachers

used level 1 examples and tasks (exemplification), their explanations were of level 1, while learner
participation was level 2. Data from the lesson plans for the two teachers, Teacher A and Teacher
B show that Exemplification for both teachers was level 1. Teacher A had a lesson plan with level
2 explanations while Teacher B’s lesson plan showed level 1 explanations. The lesson plan for
Teacher A showed level 2 of learner participation and Teacher B’s lesson plan showed level 3 of
learner participation. On data from the interviews, the examples and tasks mentioned by the three
teachers were of levell and their responses on explanatory talk were also of level 1. Teacher A
responses in the interviews on learner participation were of level 1, whereas the responses for

Teacher B and Teacher C were of level 2.

5.1.1 Teachers’ introduction (explain) of the algebraic concepts to Standard 5 learners
The findings of the study have revealed that all the three teachers who took part in the study did

not explain the algebraic concepts to learners effectively. For instance, Teacher A showed learners
examples of number sentences and defined a number sentence for learners. The focus was on
writing number sentences in short, and completing number sentences without explaining much to
learners what an algebraic number sentence is, being the object of learning in all the three classes
observed. They explained to learners that letters were names of objects. The approach they used
for explaining the meaning of letters to learners (the fruit salad approach), was not adequate enough
for learners to understand what letters are in a number sentence. The coefficients, the equal sign
and addition symbols in a number sentence were not correctly explained. For example, one teacher
explained to learners that 1 is the coefficient. This can be interpreted that the teachers lacked
sufficient pedagogical knowledge on how to introduce and explain the algebraic concepts to
learners. This was evidenced during the interview when the teachers were asked where they get
information that they use to introduce and explain the algebraic concepts to learners from. All the
three teachers said that they get information about how to teach algebra mainly from the teachers’
guide, and sometimes they apply what they learnt during their secondary school education where

the teachers’ guides do not provide much information. This is in line with findings from Kazima
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and Jakobsen (2013) who reported that many teachers in Malawi follow the textbooks when
teaching. Teachers had problems with the teaching of algebra because the teacher’s guide seems
not to provide adequate information. Teacher A and Teacher B during the interviews said that the
textbooks did not have enough information about the algebraic concepts. Teacher A claimed to
use knowledge from secondary school education, and where possible she asks for information from
friends. Teacher A said that he just thinks of what to teach. He said that sometimes he can just
think of how to teach algebra so that learners understand. Teacher C did not complain about
inadequate information in the teacher’s guide. Despite the explanations they gave about the
algebraic concepts to the researcher during the interviews, they did not explain the algebraic

concepts to the learners during the lessons when they were teaching. This was what was observed:

Introduction of algebraic number sentence

Number sentences were presented to learners as readymade entities. Teacher A showed learners
examples of number sentences, and told the learners that those were the examples of number
sentences, and defined a number sentence for learners. Later, he demonstrated how to write number
sentences in short. Teacher C modelled the number sentences using objects and wrote the number
sentences on the chalkboard. She then told learners that those were examples of number sentences.
Teacher B did not say anything about the meaning of a number sentence. This is in contradiction
with what Booth (1988) advises, that algebraic concepts should not be presented to learners as
readymade entities. Teachers should teach or introduce new concepts to learners by allowing them
to explore the new concepts through meaningful discussions, where they can question their
thinking and make sense of what they are learning. For example, instead of teachers showing
learners examples of number sentences, they were expected to allow learners to explore and
discover what is composed of an algebraic number sentence and the relationships in a number
sentence. The study findings reveal that what the teachers did opposes what Kullberg et al. (2017)
recommends, that the introduction of the algebraic concepts to learners should base on problem
situations that can lead to symbolization. Marton and Pang (2013) argue against the view of
developing new meanings from experience of sameness by just pointing to the examples of number
sentences and saying; this is a number sentence and this is a number sentence, as done by the
teachers that participated in this study. This entails that learners cannot understand what a number

sentence is, only by looking at a number sentence presented by the teacher, since they do not know
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what not a number sentence is, as the characteristics that makes an algebraic number sentence are

not explained or made visible to learners.

In the number sentence, 3g + 4g = 7g, Teacher A told learners that 3 and 4 are related, ignoring
the letters. Teacher B also told learners to forget about the letters in a number sentence and
concentrate on the numbers only whenever working with an algebraic number sentence. This is an
evidence that these teachers lacked some knowledge on the use of letters in an algebraic number
sentence and how they can introduce algebraic number sentences to learners. This type of teaching
algebra contradicts the findings by other researchers like Roberts (2012), who asserts that primary
school algebra should aim at infusing arithmetic activities with algebraic concepts to bring out the
algebraic character. Ignoring the letters in an algebraic number sentence reduces the algebraic
activities to arithmetic teaching. An algebraic number sentence is an algebraic equation which has
coefficients, variables and operational symbols that need to be explained to learners. Molina et al.
(2017) argues that lack of understanding of algebra as generalized arithmetic can cause difficulties
in structuring algebra. Learners can hardly understand the idea of relationships, and also of the
varying quantities if they don’t understand the concept of generalization. According to Molina et
al. (2017), it is necessary that teachers explain the relationships of the terms in a number sentence
to learners in order to avoid errors in algebra. Adler and Ronda (2015), classifies this type of

teaching, where explanations are non-mathematical, as level 1.
Introduction of the use of letters in algebra

All the three teachers introduced letters to learners as names or labels of objects. The teachers told
learners to identify and pick the first letters of the names of objects and use them as letters in
algebraic number sentences, which by some researchers is described as “fruit salad” algebra
(McNeil & Weinberg, 2010; Knapp, 2016; Cai & Knuth 2011; Kuchemman, 1981). This study
finding supports the research findings of Knapp (2016), that many countries introduce letters in
algebra using the traditional fruit salad approach. For example, “a” for apples and “b” for bananas.
Although the method remains popular in teaching the rules of simplification and collecting like
terms together in algebra, some researchers argue that problems occur in the later algebra learning
when more complex concepts are introduced to learners (McNeil & Weinberg, 2010). In view of
this, it is important that teachers introduce algebra in a way that will enhance learners’ capabilities

to build on their prerequisite knowledge when more advanced topics are reached. Kuchemann
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(1981), argues that introducing letters to learners through a traditional fruit salad approach can
instil in learners the idea that letters are labels or names of objects. As Kullberg et al. (2017)
explains, it is necessary to use representations, where concrete objects and pictorial images can be
used to improve the recognition that letters are variables in an algebraic number sentence, and not
names of objects. At some time, Teacher B referred to the letter y in a number sentence 9y + =
17y as things. This, according to Adler and Ronda (2015), is non-mathematical use of wording and
is classified as level 1 of naming in the MDI framework. The letter y in the number sentence 9y +
___ =17y represent a certain value that is not yet known, and not things as the teacher explained.
In addition, the algebraic sentence is a bit complicated as it has two unknowns, the y and the gap.
This is an advanced equation which Standard 5 learners might find difficult to understand as
beginners. Teachers should give learners meaningful experiences and explanations in algebra
learning that would enable them to learn new concepts, for example use of through multiple
representations. Use of representations in algebra learning can help learners develop an

understanding that letters in algebra are unknowns, constant values, and also varying quantities.
Introduction of equal sign and addition symbol

The findings on how teachers use the addition symbol when introducing algebra revealed that
teachers use an addition symbol as an operation symbol for combining groups of objects to come
up with a single group of objects, called an answer. Teachers used the addition symbol in algebra
the way itis used in arithmetic , thus, using it to conjoin the terms in an algebraic number sentence,
similar to what Wang (2015) discovered in his research. Teachers should observe the important
differences between the use of the basic operations in the context of arithmetic and the use of the
same in the context of algebra. Booth (1988), explains that the focus of activity in algebra learning
is not on finding a specific numerical value. Teachers should show in their teaching that in algebra,
for example, 4b + 5b = 9b can also has a solution as 4b + 5b = 7b + 2b. Such use of addition
symbol can help in minimizing errors that arise due to the use of an addition symbol as a symbol
for conjoining terms (Ormond, 2012). Ormond (2012) further claims that learners who use an
addition symbol in algebra, the way they use it in arithmetic can find 9ab as a solution to 4a + 5b,

which is not true with algebra.

Although it was discovered that the teachers did not explain to learners how the equal sign is used

in a number sentence, from observations, teachers used an equal sign as a symbol calling for an
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answer. This contradicts the recommendation that when introducing algebraic concepts to learners,
the focus of attention should not primarily be on finding the answer but instead it should be on
helping learners understand the algebraic concepts (Kullberg et al. 2017). An equal sign should be
understood as a relational symbol showing equivalence. Teachers through activity should show
learners the equality relationship between the quantities on each side of the equation or algebraic
number sentence. Researchers like Kieran (2018) and Leung et al. (2014) explain that in some
countries the concept of equivalence in algebra is introduced by using a balanced model approach

so that the idea of equality and quantitative sameness is demonstrated.

Introduction of coefficients in algebra to learners

The concept of coefficient was not explicitly explained to learners by all the teachers. Teacher B
told learners that 1 object is the coefficient, while the other teacher said the coefficients go together
with the letters. This is what the Adler and Ronda (2015) call colloquial word use and they classify
it as level 1 word use. During the interviews, when the teachers were asked to explain where they
get information about the algebraic concepts (including coefficients) from, the teachers said that
they usually get information from the teachers’ guides. This finding concurs with what Kazima
and Jakobsen (2013) found, that primary school teachers in Malawi teach mathematics, algebra in
particular by following what has been written in the textbooks. However, the teachers complained
that there is no information about the algebraic concepts in the standard 5 textbooks, as such, they
use knowledge that they got from their secondary school education. In this view, it can be
suggested that teachers did not manage to introduce and explain the concept of coefficients to
learners appropriately due to lack of enough information on coefficients. The findings are in
support of what Kieran (2006) found, that little expertise in algebra can lead to the use of the
knowledge that primary school teachers themselves got from their secondary schooling. This is

low level of explaining concepts to learners as classified by Adler and Ronda (2015).

5.1.2 Types of resources, selection of examples and tasks for introducing algebra to Standard 5
learners as beginners.
The findings of this research study show that all the teachers used objects in introducing algebra

to standard 5 learners. Although there was use of a chart and number cards by some teachers, the
concepts that were being communicated to learners carried the sense of objects. For example,
Teacher A wrote on the chart 2 bottle tops plus 6 bottle tops equals to 8 bottle tops, and then

modelled the number sentence using bottle tops. The number sentences on the chart were about
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the objects that the teacher brought to class. All the examples that the two teachers used in their
lessons were of the same type and allowed learners to experience one form of variation, (S). The
use of similar examples with no pattern of variation as Lo (2012) explains, does not provide
opportunities for learners to learn. Only Teacher B used examples with two forms of variation,
however learners were instructed in vernacular language on what to do at each and every step.
According to Adler and Ronda (2015), this reduced her examples to level 1. The tasks that the
teachers gave the learners were all similar to the examples. The teachers presented their lessons in
a very traditional and instrumental way of teaching, where the examples are first presented, then
followed by tasks which are exercises, and very similar to the examples are given to learners for

practice.

Types of resources used and how they were used

The teachers used objects such as fruits, leaves, bottle tops and stones. All the teachers asked
learners to identify the first letters of the names of objects and then used them as letters in algebraic
number sentences that they presented. They introduced letters to learners as names or labels of
objects. These findings support the research findings of Knapp (2016), that many countries use the
traditional “fruit salad” approach with letters representing names of objects to introduce algebra.
Kuchemann (1981) and McNeil and Weinberg (2010), warn that teachers should not introduce
letters in algebra as names or labels of objects or mnemonic literal symbols because this can
strengthen learners’ naive conception that letters are objects and not quantities. Roberts (2012),
explain that teachers should use other alternatives of introducing algebra other than fruit salad
approach. For example, teachers should use multiple representations and patterns to allow learners
visualize and recognize that different letters can be used to represent the unknown value. It was
also discovered that teachers used the objects as counters. The findings on the use of objects during
the teaching do not give an impression that learners understood the meaning of the object of
learning. As such, the findings are in contrast with what Adler and Ronda (2015) explains, that
teachers should use the resources in such a way that learners understand and achieve the object of
learning (Adler & Ronda, 2015).

Teacher’s selection of examples

From what was discovered, the teachers used examples from the teachers’ guides as well as from

the learners’ books. Some were worked examples others were taken from the suggested exercises
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in the learners’ books. The study findings show that teachers used objects such as fruits, stones,
bottle tops, potatoes and leaves in all the examples they presented. The use of letters-as-labels in
the introduction of algebra as the findings of McNeil and Weinberg (2010) suggest, hinder the
interpretation of what letters are in algebraic expressions. Teacher A and Teacher C Presented
similar examples which showed one form of variation. Teacher B had contrasting examples in
terms of the operations used in the examples, however she instructed learners in vernacular
language at each and every step. This study finding contradicts the findings that examples must be
selected as particular instances of the general case in focus and for drawing attention to relevant
features (Marton & Pang, 2006). Explaining and demonstrating to learners how to carry out the
operations in contrasting examples step by step and in vernacular language, as done by Teacher B,
reduces the examples to level 1 as classified by Adler and Ronda (2015). This means that all the
examples presented to learners by all the teachers were of level 1of the MDI framework, Adler
and Ronda (2015).

Teacher A and Teacher B in their lesson plans, mentioned that they were to discuss with learners
the algebraic concepts. However, during lesson observations, the researcher observed that teachers
did not ask learners questions that would have directed them to proper discussions as claimed by
the teachers. | suggest that it might be that the teachers have insufficient knowledge on how to
conduct discussions so that learners can actively participate. Lack of why questions during the
teaching limits learners reasoning. The level 1 examples presented to learners during the lesson,
lack of explicit explanations on the algebraic concepts in the examples given to learners and the
use of examples from the Standard 5 textbooks by the teachers, demonstrates that the teachers

lacked some knowledge on how to introduce algebra Standard 5 learners as beginners.
Teacher’s selection of tasks for learners.

All the tasks that teachers gave learners reinforced the use of objects as letters. This finding
contradicts the recommendation by McNeil and Weinberg (2010) and Kuchemann (1981) which
discourages the use of fruit salad as an approach to algebra teaching. The exercises given by all
the three teachers were taken from learners’ books, pages 105 and 106 (MIE, 2007), and this
implies that the textbooks contain the “fruit salad” approach to algebra. All the teachers started by
giving learners examples and then tasks consisting of the problems similar to the examples that

the teacher presented. This is a type of procedural learning where all the problems given to learners
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as a task, are often of standard context. These findings contradict the recommendation by Vincent
et al. (2015), who asserts that instead of giving learners tasks that are of standard context only,
teachers should give learners tasks that include some nonstandard contexts, so that the concept of
equality relationship between quantities on each side of an equation is emphasized. The study’s
findings also support the findings of Kazima and Jakobsen (2013), that many teachers in Malawi
often teach mathematics, and algebra in particular, using procedural teaching and learning. They
present their lessons by following what has been written in the teacher’s guide. From what was
discovered, the problems in the tasks were all similar to the examples presented by the teachers,
which the MDI framework (Adler & Ronda, 2015), categorise as level 1 tasks since they only

require learners to use known (K) procedures and operations.

5.1.3 Teachers’ arguments on the use of the resources, examples and tasks they use to introduce
algebra in Standard 5.
The teachers said that they choose to use objects such as fruits, seeds, leaves and stones when

introducing algebra to Standard 5 learners because those objects are familiar, locally available, of
the same category, and that they can be collected in abundance and be adequately split to learners.
Teachers said that the selection of examples depended on the availability and familiarity of the
objects to learners. For example, the teachers said that they can use fruits like bananas, where 5
bananas can be represented as 5b in an example because learners are familiar with bananas. The
claims that using familiar objects such as fruits, “fruit salad” in lessons enable learners to
understand algebra contradict the information by kuchemman (1981) and McNeil and Weinberg
(2010), which says the use of objects in the introduction of algebra to beginners, hinders the
interpretation that letters are variables. If learners are not given opportunities to understand that
letters are variables during the preparatory stage, they will find problems in solving later secondary
school algebra, since to them letters will remain objects. According to the MDI framework,
teachers are supposed to use resources, select examples and tasks that can enhance learners’
understanding of the object of learning (Adler & Ronda, 2015). Teachers need to make sure that
everything done in the lesson should aim at achieving the object of learning. This means that
resources, examples and tasks selected for learners should help learners understand the object of
learning. Teachers’ use of familiar objects such as fruits to introduce algebra as opposed to
Kuchemann (1981), is an indication that probably they don’t know that “fruit salad” approach to
algebra teaching is disputed by other researchers. On the part of examples, the responses that
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teachers gave during interviews, indicate that they rely on the examples and tasks from the books.
This promotes instrumental understanding in learners, where learners just follow the

demonstrations and procedures done by the teachers without questioning.

5.1.4 Opportunities provided for learner participation
During the interviews, and in their lesson plans, teachers indicated that they would provide

different learning opportunities to learners. The actual teaching in the classroom, as observed
showed teachers providing low levels of learner participation in contrary to what they said during
the interviews, and what was mentioned in their lesson plans. The learning opportunities that the
teachers mentioned but differently, include the opportunities for hands-on activities, for learners
to be responsible for their own work, for peer assessment, opportunities to speak short expressions,
to speak yes or no and single words. However, all the opportunities that the teacher provided for
the learners to participate in the lessons did not allow leaners to explore on the object of learning.
There were no how and why questions that would have provided learners with opportunities to
explore and discover the object of learning and the meaning of some algebraic concepts that are

included in Standard 5 algebra.

From what the teachers said during the interviews and in their lesson plans concerning
opportunities for learner participation, it shows that they are not sure of what learning opportunities
they can provide learners with to ensure learner participation in algebra lessons. For example, what
teachers planned in their lesson plans and what they said during interviews did not match with the
actual teaching in the classroom. Their lesson plans indicated that there would be discussions
during the lessons with learners, however there were no clear discussions observed during the
lessons, the teachers explained everything to learners. The way the lessons were conducted did not
encourage learners to discuss and understand the mathematics they were learning. There were no
how and why questions that teachers asked learners in order to promote critical thinking and
reasoning in learners. The MDI framework (Adler & Ronda, 2015) encourages high level
discussions in a mathematics lessons where teachers should probe learners’ critical thinking by
asking them why and how questions. The low level questions which were asked during the
teaching, required learners to follow the procedures done by the teacher and to answer yes or no.

Such questions do not promote learners’ reasoning and understanding (Adler & Ronda, 2015).
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5.1.5 How Standard 5 learners participate in algebra lessons
The study findings showed that all the teachers during the interviews said that they involve learners

in the lessons through individual work, pair work, group work and verbally. During lesson
observations, only Teacher B used pair work and group work in her lesson. However, it’s only
effective group work that encourages learners to speak and share ideas through discussion.
According from what was observed during the teaching, there were on clear discussions as learners
were not given activities to explore on the mathematics they were learning. Teachers’ responses
on how they involve learners in algebra lessons, during the interviews, were different from how

they engaged learners in the real classroom activities.

Teacher A’s explanations on learner involvement in the lesson, showed that he uses learners as
resources in his lessons. His response to the question showed that he did not understand what to
involve learners in a lesson means, despite the modification of the question by the researcher.
During lesson observation, he did much of the demonstrations and talked throughout the lesson

with few chances for learners to speak.

From what was discovered, there was low involvement of learners in the lessons. They planned
for level 3 learner participation according to the MDI framework (Adler & Ronda, 2015), but their

teaching was level 2.

5.2 Conclusions from the study
This study aimed at finding out how teachers introduce algebra to Standard 5 learners in Malawi.

In order to establish how teachers introduce algebra in primary schools in Malawi, the study was

designed to answer the following specific research questions:
1. How do teachers introduce (explain) the algebraic concepts to Standard 5 learners?

2(a).What type of resources, examples and tasks for learners do teachers use to introduce

algebra in Standard 5?

2(b).What argument do teachers give for the resources, examples and tasks they use to

introduce algebra in standard 5?

3. What opportunities are provided for learners’ participation?

4. How do Standard 5 learners participate in algebra lessons?
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This sub chapter is giving a summary of findings by drawing conclusions from these research

questions.

5.2.1 Introduction (explanation) of the algebraic concepts to Standard 5 learners
The study findings reveal that teachers used low levels of explanations. They introduced some of

the concepts as readymade entities. They did not indulge learners in activities that would have
helped learners to explore, discover and understand the algebraic concepts. Some of the algebraic
concepts, for example, the coefficient were wrongly defined for learners. Letters in algebra were
interpreted as names or labels of objects and not as variables. When the teachers were asked where
they got the information from, they said that they got the information from the Standard 5

textbooks, and Teacher B said she also uses secondary school knowledge.

From the study findings, the researcher concludes that teachers seem to have insufficient
knowledge on how to introduce the algebraic concepts to Standard 5 learners as beginners.
Probably, they themselves have little understanding of the algebraic concepts since they said that
they rely on information from the textbooks. It has also been noted that the textbooks do not contain
much information on algebraic concepts, the little information that is found in the textbook is about
the traditional way of teaching algebra, the “fruit salad” approach. This was observed from the
examples and tasks that the teachers presented in their lessons, which they claimed to have taken
from the teachers’ guide and learners’ books. In addition, low levels of explanations of the
algebraic concepts to learners by the teachers can be an indication that textbooks do not contain

enough information to guide teachers in introduce and teach algebra in Standard 5 effectively.

5.2.2 Type of resources, examples and tasks teachers use to introduce algebra in standard
From the findings, teachers used objects like fruits, leaves, bottle tops and stones when introducing

algebra. This makes the researcher to conclude that some teachers in primary schools have little
knowledge of what resources to use when introducing learners to algebra. They use objects which
reinforces the idea of the like and unlike terms during simplification of algebraic expressions.
Literature has disputed the use of letters-as- objects, “the fruit salad” and advocates for the use of
representations. Teachers used the name of fruits, bottle tops leaves and stones they had brought
to class as letters in algebraic number sentences and as counters. The use of objects as counters
makes the researcher to conclude that teachers introduce algebraic number sentences as arithmetic

number sentences.
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The examples presented during the lesson were all similar, they required learners to experience
one form of variation. All the examples that the teachers gave learners were leading to a single
term solution. The tasks that the teacher gave learners allowed learners to use known procedures
and operations. Teachers started teaching by giving learners examples that were taken from the
textbooks, followed by a task for practice known as an exercise. This is can be considered as low
level of teaching that hardly enhances mathematical reasoning in learners. The researcher also
observes that the three teachers followed what is written in the teachers’ guides when teaching.
This is in line with what other researchers have reported that some teachers follow textbooks when

teaching.

5.2.3 Teachers’ arguments for using the resources, examples and tasks they decide to use to
introduce algebra in Standard 5
The findings of this study has revealed that the teachers consider availability, familiarity and also

quantity of the resources before they decide on what examples to use in an algebraic lesson. By
saying that the selection of examples depends on the objects available and familiar to learners, it
is totally worrisome. What determines the resources to use in the lesson is the content or the nature
of the lesson. In this view, the researcher concludes that teachers lack adequate knowledge on

choosing suitable teaching and learning resources for introducing algebra.

Teachers said they take the examples from the teachers’ guides and learners’ books, and that when
selecting the examples they choose those examples which can allow them to use familiar objects.
This argument raises questions to the researcher. The introduction of algebra does not need the use
of familiar objects, but rather the selection of resources and examples that can enhance
understanding of the new concept being taught. The low level tasks given to learners promotes
instrumental understanding which is currently considered as a big challenge in mathematics, and
algebra learning in particular. Learning is said to have taken place if learners are provided with
examples that can allow them to experience different forms of variation, and also tasks that can

help them think critically and make some applications.

5.2.4 Opportunities provided for learners’ participation
From the study findings, the teachers claimed to have provided different learning opportunities to

the learners. The teachers mentioned the provision for hands-on activities, opportunities to speak
short sentences, short expressions, to write an exercise individually and then discuss with learners.

Although the teachers managed to provide level 2 opportunities for learner participation, there are
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other learning opportunities that were mentioned during the interviews and in the lesson plans but
they were not done during the teaching. Teachers mentioned that they would discuss the algebraic
concepts, the examples and tasks with learners, but this was not observed during the lessons. What
was observed during the lessons was that there were low level discussions. Activities for learner
participation that the teachers provide to learners should demand high levels of discussions to help
learners achieve the object of learning in a lesson. The how and why questions when used properly
in a lesson, provide learners with opportunities to explore and discover the object of learning and
help them see the meaning of the mathematics they are learning. With all this, the researcher
concludes that the teachers do not use discussion method to the fullest in order to enhance high

levels of learner participation in a lesson.

5.2.5 Learner participation (involvement) in algebra lessons
The study findings show that the teachers used the questions that required learners to answer yes

or no during the lessons, they also used “what” questions so that learners can finish up the number
sentences or fill in the missing terms. They also asked learners the “how” questions which required
learners to write the number sentences in short. From the researcher’s observation, teachers
involved learners in activities that required learners to practice what the teachers had already
demonstrated to them. The researcher noticed that teachers asked learners low order questions
where learners needed to show understanding by just practicing what teachers had already done in

the examples.

5.3 Implications
Although the study used a small sample, it has discovered very important issues regarding how

teachers introduce algebra to Standard 5 learners in primary schools in Malawi. These are learners
in primary schools who encounter algebra as a topic for the first time. The teachers’ knowledge on
how to introduce algebra to beginners in primary schools in Malawi is very important. We cannot
claim to have laid a foundation for algebra by introducing algebra in primary schools if teachers
have limited or no knowledge on how to introduce and teach algebra to learners in primary schools.
Its only good teaching approaches that can yield to success in algebra. For example, proper
explanations of the algebraic concepts, proper choice of resources, examples and tasks to use in
order to enhance learners’ understanding of the new concepts, provision of adequate learning
opportunities for learners to explore, discover and speak the mathematics they are learning, and

good learner involvement in the lessons. If teachers find challenges in explaining the algebraic
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concepts to learners, and do not know the suitable resources, examples and tasks to use in the
lessons during the introduction of algebra, it means that the purpose of introducing algebra in
Malawian primary schools cannot be achieved. In addition, teachers should provide learning
opportunities and fully engage learners in activities that can promote critical thinking and
mathematical reasoning. It has been established that the teachers who participated in the study had
some challenges to introduce algebra to learners appropriately because of inadequate knowledge.
The low levels of exemplification, the low levels of explanatory talk and low levels of learner
participation as classified by Adler and Ronda (2015) implies that the teachers have difficulties in
introducing algebra to learners. The struggle that the teachers encountered in introducing algebra
to learners might mean that the teachers have inadequate pedagogical content knowledge which is
acquired through pre service and in service trainings. It might also imply that, teachers hold on to
the old traditional knowledge of introducing algebra, the “fruit salad” which according to research,

many countries have abandoned it.

Knowledge is dynamic, therefore any changes in terms of approaches to teaching of algebra must
be communicated to implementers through in service trainings. Although teachers’ guides are just
meant to guide teachers in the teaching, it has been established that the three teachers rely on
textbooks such as teachers’ guides for information to teach. If there is little information about
concepts and how to teach them, these teachers are likely to face difficulties to teach learners the
way the material is supposed to be taught. This implies that if possible, much information on
algebra should be included in the primary school teachers’ guides or else supplementary reference
materials should be developed to help teachers find required information on how to introduce
algebra to learners. There is no subject specification in primary school education, this means that,
teachers who are not good enough in mathematics, and algebra in particular, struggle to teach.

They can hardly introduce and teach algebra as required.

5.4 Recommendations for future research
The major conclusion of this study is that the three teachers had difficulties in introducing algebra

to Standard 5 learners. Their explanations about the algebraic concepts to learners were of low
standards as classified in Adler and Ronda (2015). They used objects instead of representations in
the introduction of algebra. There was no variation in the examples and tasks presented to learners.

As such, there is need to:

88



Investigate how teacher education prepare student teachers on the teaching of algebra in
primary schools in Malawi.

Investigate how teachers introduce algebra in Standard 5 in Malawi on a larger scale so
that the findings of the study can be generalised.

Investigate how teachers teach algebra in upper primary schools in Malawi.

Investigate how teachers teach algebra in Standard 8 as a transition class to secondary

school education.
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NOTIFY CHANGES

If you intend to make changes to the processing of personal data in this project it may be
necessary to notify NSD. This is done by updating the information registered in the
Notification Form. On our website we explain which changes must be notified. Wait until
you receive an answer from us before you carry out the changes.

TYPE OF DATA AND DURATION
The project will be processing general categories of personal data until 01.08.2020.
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- data minimisation (art. 5.1 ¢), in that only personal data which are adequate, relevant
and necessary for the purpose of the project will be processed

- storage limitation (art. 5.1 ¢), in that personal data will not be stored for longer than is
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THE RIGHTS OF DATA SUBJECTS

Data subjects will have the following rights in this project: transparency (art. 12),
information (art. 13), access (art. 15), rectification (art. 16), erasure (art. 17), restriction
of processing (art. 18), notification (art. 19), data portability (art. 20). These rights apply
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NSD finds that the information that will be given to data subjects about the processing of
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6. 2 Lesson observation guide (Appendix 2)

Date Name of school
Class Time: From To:
Number of students: Boys Girls Total
Unit/ Topic

INDICATORS COMMENTS

-The type of resources used in the lesson:
Objects

Representations

-How resources are used (in the examples
given and during learners’ activities):
-Learners use the resources to discover the

meaning of new algebraic concepts.

-Selection of examples and tasks for learners:
Examples
Tasks

-How algebraic concepts are introduced and
explained to learners:

Number sentences

Letters

Coefficients

Equal signs

Operation symbols (addition and subtraction)
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-How learners are involved in the lessons and
what opportunities for learning are provided:
Individual
Pairs
Groups
Verbal
Activity

100




6. 3 Interview guide (Appendix 2)
Name of Teacher

1. How do you explain algebraic concepts to Standard 5 learners, a class where algebraic
concepts
are introduced for the first time?

2. Where do you get the explanations from?

3. What resources do you use when introducing algebra in standard 5?

4. Is there any reason for using such resources?

5. What type of examples and tasks do you give your learners?

6. Why do you decide on selecting the examples you give learners?

7. Where do you get the examples and tasks from?

8. What learning opportunities do you provide for learners so that they discover the meaning of
new concepts they are learning?

9. How are learners involved in class activities?
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6.4 Consent and information letters (Appendix 4)

Are you interested in taking part in the research project

Investigating the teaching of Algebra in primary school?

Information to the Headteacher

This is an inquiry about participation of volunteer mathematics teachers from your school in a
research project. The main purpose is to investigate the teaching of algebra in Malawi primary
schools. In this letter, | will give you information about the purpose of the project and why | am
asking you for permission to approach mathematics teachers teaching standard 5 (grade 5).

Purpose of the project

This project is part of my master studies at the University of Stavanger, Norway, where | will be
writing my master thesis in Mathematics Education. The purpose of my master thesis project is
to investigate the teaching of algebra in Malawi primary school. I will narrow this to study how
this is done in standard 5 (grade 5), and my study is guided by the following research questions:

1. What type of resources, examples and tasks do teachers use to introduce algebra in
standard 5?

2. How do teachers introduce (explain) the algebraic concepts to standard 5 learners.

3. How do standard 5 learners participate in algebra lessons?

In particular, I am interested in studying:

a) The resources that teachers use to introduce algebra.

b) The introduction of letters and symbols.

c) The type of examples and tasks the teacher gives learners.

d) The activities that learners are involved in during lessons.

e) How teachers explain the algebraic concepts to learners (the letters, symbols and
coefficient).

Who is responsible for the research project?

The master thesis is written under the supervision of Professor Arne Jakobsen, Department of
Education and Sports Science, at the University of Stavanger, Norway, who is responsible for the
project. If any questions, he can be contacted at email: arne.jakobsen@uis.no, or by phone: ||}

Why am | asking for permission to collect data at your school?
| have selected a convenient sample of 3 schools in Bembeke zone in the Dedza district in
Malawi. This district was selected due to convenient access. | would like to seek permission
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from you as the head teacher to carry out research at your school. | would like you to identify
standard 5 (grade 5) mathematics teachers who can voluntarily take part in the research.

What does participation involve for your school?

During one week, | wish to observe and video record regular teaching in the mathematics
teachers’ classroom related to introduction of algebra. I will also take observational notes during
teaching. After | am done with observing teaching, | also want to do an interview with the
teachers that volunteer that will be audio recorded. I will also ask children and their parents for
consent to video record the teaching with their children present in class.

Participation is voluntary

Participation in the project is voluntary. If you allow me to involve teachers and children at your
school, all information gathered about them will be made anonymous. There will be no negative
consequences for them or your school, and they can withdraw at any time from the project.

Personal privacy of participating teachers and children — how we will store and use their
personal data

I am only interested in the teaching taking place, guided by the research question above, and no
information that can be used to identify teachers, children — or your school — will be revealed —
as personal names and school names will be replaced by codes/pseudonyms. After video of the
teaching is analysed, and audio recording of interviews are transcribed, both video and audio
files will be deleted. I will process your personal data confidentially and in accordance with data
protection legislation (the General Data Protection Regulation and Personal Data Act).

e In addition to me as researcher, only Professor Arne Jakobsen at the University of
Stavanger will have access to the data.

e Video and audio recording will be stored on an encrypted separate hard disk that is
locked away when not used, until is deleted at the end of the project. The list of names,
contact details and respective codes used in transcript will be stored separately from the
rest of the collected data,

Part of transcripts and findings from classroom teaching will be part of my master thesis, but it
will not be possible to identify schools or teachers from the data made public.

What will happen to your personal data at the end of the research project?
The project is scheduled to end 1.8.2020. All video and audio recordings will be deleted latest at
this date, and only anonymised text will be kept after that.

What gives us the right to process teachers and children’s personal data?
We will process teachers and children personal data based on their consent (parents’ consent for
children).

Based on an agreement with University of Stavanger, NSD — The Norwegian Centre for

Research Data AS has assessed that the processing of personal data in this project is in
accordance with data protection legislation.
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Where can | find out more?
If you have questions about the project, contact:
e University of Stavanger, Norway, via Professor Arne Jakobsen.
e NSD - The Norwegian Centre for Research Data AS, by email:
(personverntjenester@nsd.no) or by telephone: +47 55 58 21 17.

Yours sincerely,

Project Leader Student
Arne Jakobsen Kolace P. Silwimba
Professor

Consent form

I have received and understood information about the project investigating the introduction of
Algebra in primary school and have been given the opportunity to ask questions. | give consent:

LI to the researchers to contact mathematics teachers at my school and ask for volunteers to
conduct research as outline above.

(Signed by participant, date)
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6.5 Consent and information letter to Teachers (Appendix 5)

Are you interested in taking part in the research project

Investigating the teaching of Algebra in primary school?

Information to teachers

This is an inquiry about participation in a research project where the main purpose is to investigate
the teaching of algebra in Malawi primary schools. In this letter, | will give you information about
the purpose of the project and what your participation will involve.

Purpose of the project

This project is part of my master studies at the University of Stavanger, Norway, where | will be
writing my master thesis in Mathematics Education. The purpose of my master thesis project is
to investigate the teaching of algebra in Malawi primary school. I will narrow this to study how
this is done in standard 5 (grade 5), and my study is guided by the following research questions:

1. What type of resources, examples and tasks do teachers use to introduce algebra in
standard 5.

2. How do teachers introduce (explain) the algebraic concepts to standard 5 learners.

3. How do standard 5 learners participate in algebra lessons.

In particular, | am interested in studying:

a) The resources that teachers use to introduce algebra.

b) The introduction of letters and symbols.

c) The type of examples and tasks the teacher gives learners.

d) The activities that learners are involved in during lessons.

e) How teachers explain the algebraic concepts to learners (the letters, symbols and
coefficient).

Who is responsible for the research project?

The master thesis is written under the supervision of Professor Arne Jakobsen, Department of
Education and Sports Science, at the University of Stavanger, Norway, who is responsible for the
project. If any questions, he can be contacted at email: arne.jakobsen@uis.no, or by phone: +jjJjj

Why are you being asked to participate?
| have selected a convenient sample of 3 schools in Bembeke zone in the Dedza district in
Malawi. This district was selected due to convenient access. | have first contacted head teacher at
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your school and have been granted permission to asked for volunteers mathematics teacher in
standard 5 (grade 5), and you are one of the standard 5 (grade 5) teachers | am contacting.
What does participation involve for you?

During one week, | wish to observe and video record regular teaching in you classroom related
to introduction of algebra. | will also take observational notes during teaching. After | am done
with observing teaching, | also want to do an interview with you that will be audio recorded. |
will also ask children and their parents for consent to video record your class.

Participation is voluntary

Participation in the project is voluntary. If you chose to participate, you can withdraw your
consent at any time without giving a reason. All information gathered will be made anonymous.
There will be no negative consequences for you if you chose not to participate or later decide to
withdraw.

Your personal privacy — how we will store and use your personal data

I am only interested in the teaching taking place, guided by the research question above, and no
information that can be used to identity you as a teacher — or your school — will be revealed — as
personal names and school names will be replaced by codes/pseudonyms. After video of your
teaching is analysed, and audio recording of interviews are transcribed, both video and audio
files will be deleted. | will process your personal data confidentially and in accordance with data
protection legislation (the General Data Protection Regulation and Personal Data Act).

e In addition to me as researcher, only Professor Arne Jakobsen at the University of
Stavanger will have access to the data.

e Video and audio recording will be stored on an encrypted separate hard disk that is
locked away when not used, until is deleted at the end of the project. The list of names,
contact details and respective codes used in transcript will be stored separately from the
rest of the collected data,

Part of transcripts and findings from classroom teaching will be part of my master thesis, but it
will not be possible to identify schools or teachers from the data made public.

What will happen to your personal data at the end of the research project?
The project is scheduled to end 1.8.2020. All video and audio recordings will be deleted latest at
this date, and only anonymised text will be kept after that.

Your rights
So long as you can be identified in the collected data, you have the right to:
- access the personal data that is being processed about you
- request that your personal data is deleted
- request that incorrect personal data about you is corrected/rectified
- receive a copy of your personal data (data portability), and
- send a complaint to the Data Protection Officer or The Norwegian Data Protection
Authority regarding the processing of your personal data

What gives us the right to process your personal data?
We will process your personal data based on your consent.
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Based on an agreement with University of Stavanger, NSD — The Norwegian Centre for
Research Data AS has assessed that the processing of personal data in this project is in
accordance with data protection legislation.

Where can | find out more?
If you have questions about the project, or want to exercise your rights, contact:
e University of Stavanger, Norway, via Professor Arne Jakobsen.
e NSD - The Norwegian Centre for Research Data AS, by email:
(personverntjenester@nsd.no) or by telephone: +47 55 58 21 17.

Yours sincerely,

Project Leader Student
Arne Jakobsen Kolace P. Silwimba
Professor

Consent form

I have received and understood information about the project Investigating the teaching of
Algebra in primary school and have been given the opportunity to ask questions. | give consent:

[J to be observed during my teaching of algebra

O] to be video recorded during my teaching

[J to be interviewed after my teaching

O for my lesson plan for the teaching to be analysed.

I give consent for my personal data to be processed until the end date of the project, approx.
1.8.2020

(Signed by participant, date)

6.6 Consent and information letter to parents (Appendix 6)
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Are you interested in taking part in the research project

Investigating the teaching of Algebra in primary school?

Information to parents

This is an inquiry about participation in a research project where the main purpose is to investigate
the teaching of algebra in Malawi primary schools. The focus of the project is the teacher, but
video recording of the teaching might capture your child. In this letter, I will give you information
about the purpose of the project and what your participation will involve for your child.

Purpose of the project

This project is part of my master studies at the University of Stavanger, Norway, where | will be
writing my master thesis in Mathematics Education. The purpose of my master thesis project is
to investigate the teaching of algebra in Malawi primary school. I will narrow this to study how
this is done in standard 5 (grade 5), and my study is guided by the following research questions:

1. What type of resources, examples and tasks do teachers use to introduce algebra in
standard 5.

2. How do teachers introduce (explain) the algebraic concepts to standard 5 learners.

3. How do standard 5 learners participate in algebra lessons.

In particular, I am interested in studying:

a) The resources that teachers use to introduce algebra.

b) The introduction of letters and symbols.

c) The type of examples and tasks the teacher gives learners.

d) The activities that learners are involved in during lessons.

e) How teachers explain the algebraic concepts to learners (the letters, symbols and
coefficient).

Who is responsible for the research project?

The master thesis is written under the supervision of Professor Arne Jakobsen, Department of
Education and Sports Science, at the University of Stavanger, Norway, who is responsible for the
Ero'iect. If any questions, he can be contacted at email: arne.jakobsen@uis.no, or by phone: [l

Why are you being asked to participate?

I have selected a convenient sample of 3 schools in Bembeke zone in the Dedza district in
Malawi. This district was selected due to convenient access. | have first contacted head teacher at
your school and the mathematics teacher in your child’s class has volunteered to participate in
my project.
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What does participation involve for your child?

During one week, I wish to observe and video record regular teaching in your child’s
mathematics class. The camera will be placed in the back in the classroom and most of the time,
focusing on the teacher, but your child might get captured sometimes, and the teacher might use
the name of your child. Your child identity will remain anonymous and data about your child
will not be used in my study.

Participation is voluntary

Participation in the project is voluntary. If your child does not want to be part of this, or that you
as parents don’t give permission that your child is part of the class being video recorded, your
child will be seated behind the camera. There will be no negative consequences for your child if
he/she does not want to be part of the recording, or you as a parent don’t allow your child to be
part of the recording.

Your personal privacy — how we will store and use your personal data

I am only interested in the teaching taking place, guided by the research question above, and no
information that can be used to identity your child — or the school — will be revealed — as
personal names and school names will be replaced by codes/pseudonyms. After video of the
teaching is analysed video files of teaching will be deleted. | will process your personal data
confidentially and in accordance with data protection legislation (the General Data Protection
Regulation and Personal Data Act).

e In addition to me as researcher, only Professor Arne Jakobsen at the University of
Stavanger will have access to the data.

e Video recording will be stored on an encrypted separate hard disk that is locked away
when not used, until is deleted at the end of the project. The list of names, contact details
and respective codes used in transcript will be stored separately from the rest of the
collected data,

Part of transcripts and findings from classroom teaching will be part of my master thesis, but it
will not be possible to identify schools, children or teachers from the data made public.

What will happen to your personal data at the end of the research project?
The project is scheduled to end 1.8.2020. All video recordings will be deleted latest at this date,
and only anonymised text will be kept after that.

Your rights
So long as you can be identified in the collected data, you have the right to:
- access the personal data that is being processed about you
- request that your personal data is deleted
- request that incorrect personal data about you is corrected/rectified
- receive a copy of your personal data (data portability), and
- send a complaint to the Data Protection Officer or The Norwegian Data Protection
Authority regarding the processing of your personal data

What gives us the right to process your personal data?
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We will process your personal data based on your consent.

Based on an agreement with University of Stavanger, NSD — The Norwegian Centre for
Research Data AS has assessed that the processing of personal data in this project is in
accordance with data protection legislation.

Where can | find out more?
If you have questions about the project, or want to exercise your rights, contact:
e University of Stavanger, Norway, via Professor Arne Jakobsen.
e NSD — The Norwegian Centre for Research Data AS, by email:
(personverntjenester@nsd.no) or by telephone: +47 55 58 21 17.

Yours sincerely,

Project Leader Student
Arne Jakobsen Kolace P. Silwimba
Professor

Consent form

I have received and understood information about the project investigating the introduction of
Algebra in primary school and have been given the opportunity to ask questions. I give consent:

I to be observed during my teaching of algebra

[J to be video recorded during my teaching

O] to be interviewed after my teaching

I for my lesson plan for the teaching to be analysed.

I give consent for my personal data to be processed until the end date of the project, approx.
1.8.2020

(Signed by participant, date)
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