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“You can learn craft of painting, the choice of brushes, mixing paint,
techniques, materials, colors and so on, but that does not make you a great
painter. What you do with those skills is what makes you a great painter.”

David Allan Coe
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Summary

Globally, progress in education has been made in recent years to promote
learning opportunities for all. However, significant gaps remain in low-
income countries. In Malawi, a developing country where the
educational system is under development, primary education is a major
concern. Several initiatives have been made to bridge this gap through
improving the quality of teacher education, but research has shown that
there is still a need to further understand the learning process of pre-
service teachers during the teacher education program.

The present study aimed to gain knowledge about the primary pre-
service teachers’ process of learning, particularly, the development of
their understanding of the knowledge necessary to teach mathematics.
The current study addressed the question: How do pre-service teachers
develop their understanding of the knowledge necessary to teach
mathematics throughout teacher education? In the study, the knowledge
necessary for teaching mathematics refers to the knowledge that teachers
need to carry out the tasks of teaching mathematics.

To further examine this matter, the overall question was divided into
three sub-research questions: (1) What understanding do pre-service
teachers have of the knowledge needed to carry out the tasks of
mathematics teaching at the beginning of their teacher education? (2) To
what extent does the pre-service teacher’s understanding of the
knowledge needed to carry out teaching tasks evolve through the
discussion of practical experiences in college? (3) How do pre-service
teachers develop their understanding of the knowledge necessary to carry
out the tasks of teaching throughout teacher education?

These questions were compiled into a qualitative case study with six pre-
service teachers in a two-year primary teacher education program at a
college in Malawi. Each of these pre-service teachers represented a
different profile with teaching experience, subject preferences in high



school, and a favorite subject to teach during college. The research
occurred over three different moments in a two-year teacher education
program in which the pre-service teachers were enrolled: an initial
moment at the beginning of the program consisted of a questionnaire
survey and individual interviews; a second moment during teaching
practice that involved mathematics lessons observations and post-lesson
interviews; and a third moment at the end of the program that included a
focus group discussion.

The data gathered were transcribed and analyzed using a thematic
analysis approach. The themes of analysis were designed based on the
six domains of mathematical knowledge for teaching theory. Findings
show that pre-service teachers develop different paths of development of
their understanding of the knowledge needed for teaching mathematics
during teacher education and that such development has influences in
how they acknowledge effective teaching in Malawi.

The current thesis includes four articles that present the main data and
results of the study. The first two articles present findings from an
analysis of the pre-service teachers’ understanding of the subject matter
knowledge and pedagogical content knowledge, and the third article
presents an analysis of the pre-service teachers’ understanding when
discussing teaching practice. The fourth article explores the
understanding pre-service teachers developed throughout the teacher
education program.

The contribution of this thesis is to not only offer new empirical and
theoretical insights to teacher education but also to suggest a path for
further research in teaching knowledge.
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Introduction

1 Introduction

1.1 Research Background and Problem

Over the last few decades, considerable advances in education
and teacher education have been attained, yet they have been insufficient
to promote learning opportunities for all. While statistics published by
United Nations Educational, Scientific and Cultural Organization
(UNESCO, 2016b) show that literacy and basic education rates have
increased significantly and that the number of student enrollment and
qualified teachers in schools has increased, the number of qualified
teachers per student in schools remains small. Worldwide, 69 million
more qualified teachers are needed to achieve the universal goals in
elementary education, and unless urgent changes are made, only a few
nations will be able to reach their goals in 2030 (UNESCO, 2016a).
Qualified teacher shortages are particularly pronounced in Sub-Saharan
African countries; a report by UNESCO (2016b) suggests these countries
will require a total of 17 million primary and secondary teachers by the
end of this decade.

To improve their teacher-to-student ratios, countries in Sub-
Saharan Africa have been hiring candidates with suboptimal or no
teaching qualifications, or persons with degrees in unrelated subjects
(UNESCO, 2015a). Since the number of students who need to be taught
does not match the number of qualified teachers, staff are often asked to
switch departments or take over additional subjects. Professional
development programs have envisioned this circumstance as an
opportunity for teachers to extend their teaching expertise and maintain
a high quality of teaching. However, studies have shown that these
makeshift solutions might appear to be a short-term answer and are likely
to have an adverse long-term impact on school practices and student
outcomes (Bourdon, Frolich, & Michaelowa, 2010; Duthilleul, 2005;
Farrell & Oliveira, 1993). For instance, Bourdon et al. (2010)
demonstrated that, although contract teachers programs with lower
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qualification (lower secondary education or less) have contributed to
increasing access in remote rural areas in Kenya, where regular teachers
are disinclined to serve, there is a trend for significant deterioration of
education quality in terms of student achievement in the long run.

Teachers are the key components of any efforts aimed at
improving the educational system quality (Schleicher, 2016); thus, a lack
of qualified teachers inevitably reduces instruction effectiveness and
causes a decline in students’ ability to learn (Darling-Hammond &
Youngs, 2002; Kennedy, 2008). Without proper knowledge and skills,
teachers are unable to design lessons effectively, whereby the objectives,
methods, and curricular materials are well aligned and meet students’
needs. Available evidence shows that a poorly elaborated lesson plan
creates confusion, instability, and insecurity in the classroom, which in
turn, limits students’ potential to master the content (Dudek, Reddy, &
Lekwa, 2019). Developing proper knowledge and skills to carry out
teaching effectively is a primary task for teachers to improve the quality
of education (Turner-Bisset, 2001).

As a result of this challenge, a significant amount of research has
been conducted on teaching knowledge and the role such knowledge
plays in the practical activities of teaching (Freire, 1985; Grossman,
1990; Shulman, 1986). Shulman (1986), particularly, made a significant
contribution to this research through his studies about pedagogical
content knowledge. This concept was largely based on his research
aimed at elucidating what makes the learning of a specific topic easy or
difficult for students, how teachers decide what to teach, where their
explanations come from, and how teachers respond to students’
misunderstandings. Shulman (1986) argued that during teacher
education, pre-service teachers need to develop a knowledge base that
includes the necessary cognitive skills, devices and values, character, and
performance for creating productive learning environments. These
learning environments can help pre-service teachers to increase their
understanding of student interaction, allow them to explain complex
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concepts, adapt their teaching to individual student needs, and make the
teaching process more efficient (Shulman, 1986).

In mathematics, researchers have assumed teaching knowledge
is an integration of both subject matter knowledge and pedagogical
content knowledge (Ball, 2017; Bruckmaier, Krauss, Blum, & Leiss,
2016; Carillo, Climent, Contreras, & Mufioz-Catalan, 2013; Rowland,
2013). As the theoretical framework for this study, Ball, Thames and
Phelps (2008) Theory of Mathematical Knowledge for Teaching divided
subject matter knowledge into common content knowledge (CCK),
horizon content knowledge (HCK), and specialized content knowledge
(SCK), whereas pedagogical content knowledge was divided into
knowledge of content and students (KCS), knowledge of content and
teaching (KCT), and knowledge of content and curriculum (KCC). These
domains provide teachers a theoretical landscape in which the
knowledge necessary to teach mathematics effectively makes itself more
apparent (Hill et al., 2008). This landscape is composed of teaching tasks
such as capturing and retaining students’ interest in learning,
representing and formulating the subject to make it understandable, and
the knowledge and skills necessary for carrying out these tasks
effectively (Ball, 2017; Ball et al., 2008). Researchers in the field can
benefit from examining these knowledge domains in practice, as gaining
insight into teachers’ areas of expertise could instigate new orientations
for educational reforms and professional development for future teachers
(Hill et al., 2008).

Although mathematics teacher knowledge is a commonly
adopted term in teacher education research, there is more to teacher
knowledge than its characterization. Researchers in the field have
emphasized the importance of studying (and measuring) teachers’ beliefs
and properties of the mathematical knowledge for teaching, a crucial
component to progress the quality of teaching (Delaney, Ball, Hill,
Schilling, & Zopf, 2008; Fives & Buehl, 2010; Mosvold & Fauskanger,
2013, 2014). Itis important to describe the type of knowledge needed for
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teachers; equally important is to know how pre-service teachers acquire
and understand this knowledge, and how their beliefs and understandings
influence the way they learn and develop as future teachers (Ball, 2017,
Jakobsen, Kazima, & Kasoka, 2018; Mosvold & Fauskanger, 2013;
Kasoka, Jakobsen, & Kazima, 2017).

1.2 Research Questions and Study Design

The present study contributes to the existing body of research on
teacher education and teaching knowledge. In the study, teaching
knowledge is defined as the knowledge teachers need to possess to carry
out their work as mathematics teachers. From this definition, the
overarching question guiding this study was: How do pre-service
teachers develop their understanding of the knowledge necessary to
teach mathematics throughout teacher education?

To answer this question, three sub-questions were posed:

1) What understanding do pre-service teachers have of the
knowledge needed to carry out the tasks of mathematics teaching at the
beginning of their teacher education?

2) To what extent does the pre-service teachers’ understanding of
the knowledge needed to carry out teaching tasks evolve through the
discussion of practical experiences in college?

3) How do pre-service teachers develop their understanding of
the knowledge needed to carry out the tasks of teaching throughout
teacher education?

Answers to these sub-questions were sought through a
longitudinal study involving primary pre-service teachers in Malawi, the
first Sub-Saharan African country to implement free primary school
education for all children in order to meet UNESCO’s (2019)
recommendations for the Sustainable Development Goal 4 (SDG 4) in
education. The introduction of Free Primary Education was a significant
step in ensuring education accessibility, but it has also created new
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problems for the education system and the quality of teacher education,
a scenario that is further discussed in Chapter 3.

The longitudinal study described in this thesis was designed upon
a case-study approach (Stake, 1995) that focused on the ways pre-service
teachers in Malawi develop an understanding of the tasks of teaching
mathematics and the knowledge needed to carry out these tasks in
primary classrooms. The overall study was comprised of three distinct
stages, each of which reflected a moment in a two-year teacher education
program: an initial moment (IM) that occurred during pre-service
teachers’ theoretical courses; a second moment (SM) with pre-service
teachers during their teaching practice in local schools; and a third
moment (TM) at the end of teacher education when pre-service teachers
come back to college for more theoretical courses. While the data
collection instruments for IM consisted of a questionnaire survey and
individual interviews with twenty-three pre-service teachers, those
related to the SM included video records of mathematical lessons and
post-lesson interviews with six of the twenty-three pre-service teachers
from the IM. These six pre-service teachers presented different profiles
in terms of teaching experiences, subject preference in high school, and
subject preference for teaching during college. The data for the TM was
obtained via a focus-group discussion with the same pre-service teachers
from the SM. Further details on each of these moments as well as related
data collection instruments used in this study are provided in Chapter 4
(Research Methodology).

1.3 Articles Comprising the Thesis

The data gathered as a part of the IM, SM, and TM wielded
significant insights and have been published in journal articles and peer-
reviewed conference papers. Four of these publications are incorporated
into this thesis to build a coherent synopsis of the overall study.

In the first two articles, empirical data related to six pre-service
teachers who were chosen from a twenty-three entering participant
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sample were examined. Analyses reported in these articles uncovered the
initial understanding the pre-service teachers demonstrated of the
knowledge necessary to carry out tasks of mathematics teaching at the
beginning of teacher education. While the focus of the first article was
on the three domains of a teachers’ subject matter knowledge (CCK,
HCK, and SCK), the second article’s goal was to provide an examination
of pre-service teachers’ initial understanding of pedagogical content
knowledge domains during mathematical instruction.

In the third article, pre-service teachers’ understanding of the
knowledge needed for carrying out tasks of mathematics teaching was
examined during their teaching experiences in local schools. This focus
relates to the second research question of this thesis (To what extent does
the pre-service teachers’ understanding of the knowledge needed to carry
out teaching tasks evolve through the discussion of practical experiences
in college?). Specifically, analyses and findings reported in this third
article addressed the question: How do pre-service teachers understand
the knowledge necessary for sequencing tasks in mathematical
instruction? Sequencing tasks for teaching is a crucial component of the
SCK domain, as it allows teachers to create smooth transitions between
concepts, topics, and lessons. It also helps teachers become aware of the
learning goals so that they can better anticipate and assist students with
their difficulties and misunderstandings. In this article, a case study of
two pre-service teachers (one female and one male) was presented, while
drawing upon the data captured during the IM and SM study moments.

The fourth article focused on the understanding of teaching
knowledge pre-service teachers develop throughout teacher education.
The findings reported in this article related to the third research question
(How do pre-service teachers develop their understanding of the
knowledge necessary to carry out the tasks of teaching throughout
teacher education?). The analyses conducted focused on two specific
themes within the SCK domain: the knowledge of instructional task
progression to help students solve mathematical problems and the ability
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to use locally available resources to create multiple representations.
These two themes were developed following the analytical process
adopted in the previous articles. Table 1 provides an overview of the
contribution of these four publications to the overall aims of this thesis.
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Introduction

Collectively, the four articles provide in-depth insight into the
development of pre-service teachers’ understanding of teaching
knowledge during teacher education. A longitudinal approach is used in
this thesis as a case study (Stake, 1995) for examining the evolution of
the pre-service teachers’ understanding of teaching knowledge as they
progress through teacher education. As this research design was subject
to several adaptations influenced by the pre-service teachers’
experiences before and after work placement at local schools, this thesis
provides a valuable contribution to existing research and theories on
teaching knowledge, and may also inform teacher education policies and
guidelines.

1.4 The Researcher’s Motivation Behind the Study*

The researchers’ role in and interactions with the research are
critical aspects of a qualitative study. The relationship that researchers
have with what is observed and how the data is analyzed should be
considered (Noble & Smith, 2015). In this manner, the present research
was motivated by my educational background, previous teaching
experience, and research findings related to knowledge needed for
teaching mathematics. Specifically, I earned a bachelor’s degree in
Mathematics (licentiate) and a master’s degree in Mathematics and
Science Education in Brazil (2011). As a university student, | faced
numerous challenges regarding learning how to teach mathematics in
elementary school. At the end of my educational program, graduates
were expected to possess an in-depth understanding of the mathematical
content, including advanced content knowledge such as Topology and
Real Analysis, as well as pedagogical content such as Psychology and
Theories of Teaching and Learning. In this curriculum, students were

! The personal pronoun “I” will be used in this section and conclusion chapter as they
describe the researcher’s personal motivations, the limits and contributions of this
study. The rest remainder of the thesis is written in a more objective academic form.

10
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expected to master pure mathematical content before learning
educational theories and teaching practices.

Although | possessed a strong knowledge of mathematics, my
knowledge about teaching and my ability to teach mathematics were
basic. | can still vividly recall how, on my first day in a sixth-grade
classroom, I struggled to get students’ attention and motivate them to
participate in the lesson. I remember telling my master’s thesis
supervisor that my first experience as a teacher was a complete disaster.
The reassurance of this being a common experience prompted me to
explore the issue further, which led me to educational research. A year
later, 1 was assigned to work in a project about elementary school level
teaching and learning activities related to triangle similarity, sponsored
by the university. As a part of this project, | developed experimental
mathematics activities based on a sociocultural model of education
proposed by renowned authors such as Vygotsky, Leontiev, Luria, and
Davydov. Working with a small number of students and with content
that was of interest and relevance to them, opened new horizons on the
meaning and purpose of mathematics education in elementary school
(Jacinto & Cedro, 2006). After receiving my bachelor’s degree, I began
to work as a teacher in secondary education, adult education, indigenous
education, and professional education for disadvantaged groups.

After two years of practical teaching experience, | started a
master’s degree in Mathematics and Science Education, which
culminated with the dissertation titled “The pedagogical activity of
Mathematics Teacher at the Program of Young and Adult Education
(PROEJA).” The main goal of my dissertation project was to examine
how the pedagogical actions of mathematics teachers satisfy the needs
and aptitudes of young and adult learners. This experience taught me
that, in order to provide exemplary teaching, it is vital to possess not only
extensive knowledge of the content but also to provide opportunities for
students to take ownership of the knowledge historically produced by
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humanity and share the meanings they created socially and culturally. In
essence, school promotes real learning activities (Davydov, 1999).

Although my understanding of teaching and learning evolved
substantially during my master’s studies, the characteristics that describe
a successful mathematics teacher were still unclear. Thus, after
completing my master’s degree in 2011, I started to develop proposals
for a Ph.D. program, one of which related to an investigation of the
primary cognitive skills that elementary pre-service teachers need to
possess to teach mathematics. However, in 2012, | was invited to take
part in an international educational cooperation program between Brazil
and East Timor?. | accepted the offer and soon started working as a
cooperating teacher (mentor teacher) in the Department of Mathematics
and the Department of Primary and Elementary Teachers’ Education at
the National University of East Timor.

No cooperating teacher in our group was prepared for this work.
Some of the tasks assigned to us were new, even for those with higher
qualifications and working experience as university professors. For
instance, we were required to revise and adapt the undergraduate
program syllabus to the Timorese context in a useful and meaningful
way; teach (mathematics, physics, biology ...) disciplines in the
Portuguese language, while valuing other languages from this context
(Tetum, Bahasa Indonesian, Mambai ...); use teaching methods that
consider the previous knowledge and experiences of students, and

2 East Timor is one of the poorest countries in Asia, raking 128 out of 187 countries
worldwide on the United Nations Human Development Index (2017). East Timor was
Portuguese colony until 1975, when Indonesian invasion that lasted until 1999 took
place. Following East Timor’s independence, from 1999 until 2006, the island was
monitored by the United Nations (UN). Its first presidential elections were held 2011,
which marked a significant moment in the history of East Timor. Since then, the
Timorese education system, which was once based on the Indonesian educational
model, underwent a complete restructuration in terms of language and culture, as well
as political decisions. Several teachers and educators from Portuguese-speaking
countries have since been sent to work closely with the local educators to train
elementary teachers and university professors.
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supervise university students in the production of monographs that
would be useful for addressing local regions issues.

The challenges posed by these tasks made me appreciate the
importance and value of the knowledge needed to carry out these tasks
to deliver my work as required. As a young teacher in a foreign land
lacking any practical experience or empirical evidence, | could only rely
on speculation regarding the knowledge that is likely involved in these
tasks. Thus, | developed some conjectures based on the knowledge of
previous and the projected curriculum, knowledge of teaching methods
that could be useful in teaching mathematics in a multilinguistic and
multicultural context, knowledge of the history of mathematics locally
produced in East Timor, and knowledge of the teaching methods used to
teach at the university level. These initial explorations led to a realization
that a better systematization of the tasks and knowledge demands for
teaching mathematics in this context would result in a more efficient
training program that could be adapted from the local and social needs
of the Timorese context.

Such challenges in East Timor were the precursor to continuing
to study teacher education in developing countries. | began to search for
doctoral positions in this field in different universities around the world.
At the beginning of the year 2017, the Faculty of Arts and Education of
the University of Stavanger offered a Ph.D. position in mathematics
education with several areas of investigation. One of the areas of most
interest was the project Improving quality and capacity of mathematics
teacher education in Malawi (2013-2018) that had a strong focus on
teaching knowledge in mathematics and the development of
mathematics teacher work. My application was accepted with a starting
date of August 2017.

The opportunity to contribute to a study in an international
cooperation program about primary teacher education in Malawi further
inspired me to study the knowledge requirements for pre-service teachers
to learn to teach mathematics successfully in this context. After studying
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the Malawian history and culture, as well as the institutional documents
created for gaining mathematics teacher qualifications, which are
discussed in depth in Chapter 3, | found that the teacher education
curriculum is strongly influenced by Shulman’s (1986) Theory of
Pedagogical Content Knowledge and Ball et al.’s (2008) Theory of
Mathematical Knowledge for Teaching. Thus, my interest in researching
the understanding primary pre-service teachers develop of the
knowledge necessary to carry out tasks of teaching mathematics from the
perspective of Ball et al. (2008) and Ball (2017), was born. While this
theory is discussed in Chapter 2, the ontology and the epistemological
views of the researcher will not be further elaborated, as this is beyond
the scope of this thesis. As noted, the work’s focus is directed towards
how pre-service teachers develop their understanding of the knowledge
necessary to teach mathematics during teacher education and how that
can inform the design of pre-service teachers’ education in mathematics.

1.5 Structure of the Thesis

This thesis comprises the synopsis and four articles. In this first
chapter, the research context and aim were delineated, followed by the
research questions, and a brief discussion of the articles comprising the
synopsis. The second chapter begins with a review of pertinent literature,
as this provides the justification for the theoretical and methodological
approaches adopted during data collection and analysis. In Chapter 3, the
study is further contextualized by detailing the primary school education
system and primary teacher education in Malawi. The research design is
presented in Chapter 4 along with the data collection instruments and the
analytical models adopted to interpret the data. In Chapters 5 and 6, the
four articles comprising the synopsis are presented and discussed,
focusing on common findings and key topics. Finally, the thesis closes
with Chapter 7, where potential contributions of the present study to the
mathematics teacher education as well as the extant research on teacher
education are outlined. Study limitations are also indicated based on
several suggestions for further research.
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2 Theoretical Background and Relevant
Research

2.1 Teaching Practice and Teaching Knowledge

Can the skills and characteristics required of an effective teacher
be taught? Are some ways of preparing teachers better than others? What
is involved in the practice of teaching? Although teaching in one form or
another has existed throughout human history and extensive research on
teaching and teacher education has been conducted over the years, these
and other questions persist.

Axelrold (1973) described teaching as a didactic or evocative
activity. The didactic teaching emphasizes teachers’ responsibility for
transmitting pertinent knowledge or instructing others on how to do
something. This teaching model is typically employed by teacher
craftsmen (Axelrold, 1973) who have full control of the learning
environment, and are solely responsible for the students’ learning and
the direction that the lesson takes in the classroom. In other words,
didactic teachers allow learning to occur (Novak, 1998). As a result of
this hierarchical and rigid process, learners’ focus is directed on
memorizing facts and prescribed procedures, without seeking to
understand the broader context or draw conclusions. The evocative
teaching, on the other hand, emphasizes the role of teachers as teacher
artists (Axelrold, 1973) whose aim is to enable learners to take control
of their learning process and create evocative situations that promote
learning. In this teaching model, the emphasis is on “inquiry” and
“discovery” due to which lessons are designed to respond to the students’
needs and aspirations with the emphasis on creativity, improvisation, and
expressiveness (Gage, 1978).

Describing teaching without considering learning is to understand
the work of the teacher only partially. According to Hiebert and Grouws
(2007), teaching consists of “classroom interactions among teachers and

15



Theoretical Background

students around content directed toward facilitating students’
achievement of learning goals” (p. 372). This definition encompasses the
ways in which multiple features that contribute to defining teachers’
roles impact students’ learning. Therefore, to understand the function of
teachers and the effectiveness of teaching, it is necessary to understand
the kind of learning goals the teaching is designed to achieve.

When bringing such a viewpoint to the context of teacher
education, both teaching and learning dimensions should be considered.
Pre-service teachers with or without teaching experience are
simultaneously aspirant teachers and students. Although they are defined
as teachers who had not yet completed a degree course in teaching,
research has shown that pre-service teachers also differ from experienced
teachers in terms of the beliefs they hold (Wideen, Mayer-Smith, &
Moon, 1998). Pre-service teachers often begin their education with an
intuitive idea about teaching that is established from their previous
experience in schools (Barkatsas & Malone, 2005; Wilson, Cooney, &
Stinson, 2005). During teacher education, pre-service teachers are
exposed to many new ideas of teaching as they take theoretical courses
and have supervised teaching practice in schools (Lavigne, 2014). After
becoming in-service teachers, they are forced to modify their
pedagogical beliefs because of contexts and tasks designed (Lavigne,
2014; Sheridan, 2016). The concepts of teaching and learning take on
different shapes as the pre-service teachers become in-service teachers
(Ng, Nicholas, & Williams, 2010).

Although teacher education has been studied extensively, the focus
is typically given to the cognitive difference between what teachers
should learn and what they should be able to do (Darling-Hammond &
Bransford, 2005). In this context, the works of Shulman (1987),
Perrenoud (1993), Freire (1996), and Tardif (2002) are particularly
noteworthy. Even though these authors used similar terms to convey the
same meaning, they used different approaches to study teacher
preparedness. For example, Perrenoud (1993) and Freire (1996) focused
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on the teaching practices and roles of teachers in classrooms, whereas
Shulman (1987) and Tardif (2002) direct their attention to the education
and professionalization of teachers (Neto & Costa, 2016). As noted by
Fernandez (2014), most of Shulman’s work was dedicated to developing
“the body of understanding and skills, and device and values, character
and performance that together constitute the ability to teach” (p. 82).
Based on his findings, Shulman (1986) opined:

The teacher needs not only understand that something is so; the
teacher must further understand why it is so, on what grounds
its warrant can be asserted, and under what circumstances our
belief in its justification can be weakened and even denied.
Moreover, we expect the teacher to understand why a given
topic is particularly central to a discipline whereas another may
be somewhat peripheral. This will be important in subsequent
pedagogical judgments regarding relative curricular emphasis.

(p. 9)

According to this perspective, the work of teaching entails tasks
that teachers must execute to help students to learn (Shulman, 1986).
Teachers must be able to determine the content that is essential to meet
students’ learning needs and specificities. This means that once the
content’s essence, origins, and the logic-historical processes that justify
the existence of the content are understood, teachers should be able to
orient their students’ learning beyond simple facts and predetermined
standards, which is a prime condition for effective teaching (Grossman
et al., 2009).

To meet the goals outlined above, Shulman (1986) suggested that
teachers needed to possess three categories of knowledge to teach a
particular subject effectively: subject matter knowledge, curricular
knowledge, and pedagogical content knowledge. The first category—
subject matter knowledge—refers to “the amount and organization of
knowledge per se in the mind of the teacher” (Shulman, 1986, p. 9).
According to Shulman (1986), an effective teacher should know not only
the facts and concepts pertinent to the domain, but should also be able to
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explicate why the domain is worth knowing and how it relates to other
domains. The second category—curricular knowledge—entails
awareness of what the curriculum proposes and the norms and principles
of the work setting. In other words, curricular knowledge involves
knowledge about the programs of study and curricular materials used to
teach a subject, as this allows teachers to make connections between
previously studied material and topics to be introduced later in the
learning process, which is an essential aspect of teaching (Brant, 2006).

The third category—pedagogical content knowledge—refers to the
knowledge base of teaching at the intersection between content and
pedagogy (Shulman, 1986). Such knowledge, according to Shulman
(1986), encompasses “aspects of content most germane to its
teachability” (p. 9). It includes the ability to identify and organize
concepts presented in class (representations, analogies, illustrations,
examples, explanations, and demonstrations) to make a subject more
comprehensible for the students.

Even though Shulman (1986) proposed the aforementioned ideas
about pedagogical content knowledge nearly 35 years ago, these
conceptualizations have gained momentum in recent investigations
about teacher knowledge. His work has also served as a basis for the
recent educational reforms and has influenced research efforts and
educational policies in several countries. In recent years, pedagogical
content knowledge is increasingly being taught by teacher educators in
teacher educational programs, especially those aimed at primary school
education. Given that Shulman (1986) conceived pedagogical content
knowledge in general terms, his ideas have since been expanded to help
teachers learn and develop a better sense of the tasks and knowledge
demanded for teaching subject matter.

As a part of this research initiative, Shulman’s (1986) ideas have
been investigated in the context of pre-service mathematics teacher
education. An ample body of frameworks has been produced on this
topic, including the works of Ball et al. (2008), Chevallard’s (2000),
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Davis and Simmt (2006), and Rowland, Huckstep, and Thwaites (2005).
Although aligning with Shulman’s (1986) ideas, these frameworks have
pursued different ideas and approaches regarding teaching knowledge,
including examining associations between mathematical knowledge and
practice (Chevallard, 2000), investigating the complex dynamics of the
mathematical knowledge that teachers needed for teaching (Davis &
Simmt, 2006), studying the differences between content knowledge and
pedagogical content knowledge and implications for teaching and
learning (Baumert et al., 2010; Krauss et al., 2008), and exploring
different aspects of teacher knowledge that contribute to the professional
development of pre-service teachers (Rowland et al., 2005).

The framework of Ball et al. (2008), in particular, focuses on
representations of the knowledge entailed in the work of mathematics
teachers. Such a framework of mathematical knowledge for teaching
comprises the areas that are unique to the role of mathematics teacher by
examining how subject matter and pedagogical content knowledge are
employed to carry out the tasks of teaching mathematics (Ball et al.,
2008).

Additionally, Ball et al.’s (2008) works focus on the recurrent tasks
and problems of teaching mathematics, what teachers do as they teach
mathematics, and the mathematical knowledge, skills, and sensibilities
required to manage these tasks. A list of the tasks identified as the tasks
entailed in the work teachers do when they are teaching mathematics
includes:

e Presenting mathematical ideas,

e Responding to students’ “why” questions,

e Finding an example to make a specific mathematical point,

e Recognizing what is involved in using a particular representation,

e Linking representations to underlying ideas and other
representations,

e Connecting a topic being taught to topics from prior or future

years,
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e Explaining mathematical goals and purposes to parents,

e Appraising and adapting the mathematical content of textbooks,
e Modifying tasks to be either easier or harder,

e Explaining the plausibility of students’ claims (often quickly),

e Giving or evaluating mathematical explanations,

e Choosing and developing usable definitions,

e Using mathematical notation and language and critiquing its use,
e Asking productive mathematical questions,

e Selecting representations for particular purposes, and

e Inspecting equivalencies.

The tasks outlined by the authors are examples of what is required
for teachers to carry out to conduct their teaching successfully. They
reveal the complexity and dynamic of activities that regularly occur in
the classroom and offer a window into the knowledge entailed in
teaching mathematics in broader contexts (Ng, Mosvold, & Fauskanger,
2012; Selling, Garcia, & Ball, 2016).

In analyzing these tasks, Ball et al. (2008) were guided by the
empirical evidence supporting the existence of six domains of teaching
knowledge needed to carry out the tasks of teaching mathematics
effectively. These domains were typically denoted as common content
knowledge (CCK), specialized content knowledge (SCK), horizon
content knowledge (HCK), knowledge of content and students (KCS),
knowledge of content and curriculum (KCC), and knowledge of content
and teaching (KCT), and their organization into systematic units as
presented in Figure 1.
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Figure 1. Framework of mathematical knowledge for teaching (Ball et al.,
2008, p. 403).

According to Ball et al. (2008), CCK domain refers to the
knowledge that is common in a wide variety of settings, rather than
pertaining solely to the work of teaching. For example, engineers or
economists use this type of knowledge to solve problems in their daily
work. Similarly, using an algorithm to find the answer for a subtraction
problem is an example of CCK. In teaching, CCK allows teachers to
appropriately respond to students’ questions and resolve any
misunderstandings related to the subject matter (Ndlovu, Amin, &
Samuel, 2017).

SCK, one the other hand, is the knowledge unique to the work of
mathematics teaching. It “involves an uncanny kind of unpacking of
mathematics that is not needed—or even desirable—in settings other
than teaching” (Ball et al., 2008, p. 400). Some examples of SCK include
the knowledge needed to carry out tasks of teaching unique to the work
of teaching such as introduce mathematical concepts in a way that is
accessible to the students (Ball et al.,, 2008). For instance, when
introducing students to the notion of numbers, the teacher needs to know
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how the students perceive this concept in various real-world contexts. As
noted by Worden (2015), this necessitates not only the capacity for
“transforming content knowledge into pedagogical content knowledge
but also unpacking one’s content knowledge to make it available for such
transformation” (p. 106).

The CCK and SCK domains are interrelated via the HCK domain,
which is defined as the mathematical knowledge from a broad
perspective (Ball et al., 2008). Thus, HCK entails knowledge of the
discipline, its origins, and the value of curriculum in its multiple
dimensions and settings (Jakobsen, Thames, Ribeiro, & Delaney, 2012).
As this necessitates the general knowledge of the previous and
forthcoming content, it is often equated with “a peripheral mathematical
vision needed in teaching” (Hill, Rowan, & Ball, 2005, p. 70). In
teaching practice, HCK allows teachers to develop a sense of conceptual
nexus between the curriculum and a broader perspective of the discipline
(Jakobsen et al., 2012).

The KCC domain combines the knowledge of mathematics and the
curriculum, as conceived by Shulman (Sleep, 2009). This domain also
includes the skills required to effectively use the teaching materials such
as textbooks and didactic materials, teaching instruments such as
Blackboard, and technology such as calculators and computers
(Koponen, Asikainen, Viholainen, & Hirvonen, 2016).

The KCS domain represents an amalgam of knowledge of content
and students (Ball et al., 2008). It implies the capacity for anticipating
how students will interpret the taught material and which aspects they
will find difficult to understand. To meet these aims, teachers must be
able to hear and respond to students’ arguments and choose instruction
approaches that promote student learning. Consequently, KCS also
necessitates the awareness of students’ motivation and aptitude for
learning mathematical topics.

Finally, KCT combines knowledge of mathematics and teaching,
in recognition of the fact that, in order to teach mathematics effectively,

22



Theoretical Background

teachers must be able design lessons appropriately. This includes proper
selection of activities, exercises, and representations for different topics.
One crucial characteristic of this knowledge is the teacher’s ability “to
recognize situations where teachers should diverge from their original
planning, for example, if a student makes a mathematical discovery”
(Koponen et al., 2016, p. 152).

The six domains presented above imply that the integration of
knowledge types is unique to mathematics teachers (Ball & Bass, 2000).
Teaching mathematics includes a core of tasks that teachers must carry
out to help students to learn (Ball & Forzani, 2009). Such tasks are
complex and reveal qualities that other professions do not demand. The
work of mathematics teachers is a specific activity that differs from
casual actions including commonplace showing, telling, or helping
(Cohen, 2011, as cited in Ball & Forzani, 2009). For example, although
an engineer possesses high-level mathematics knowledge and at least
reasonable science knowledge, the engineer can only provide
information or show one another how to do things. The mathematics
teacher, on the other hand, aims at the professional classroom teaching
(Ball & Forzani, 2009), an endeavor that includes the creation of
opportunities for students to learn and develop their understanding of the
subject matter. In this sense, the teacher’s role is driven by social and
moral conduct and a human sense to help students develop their best
qualities as human beings (Jacinto & Cedro, 2012).

Teaching mathematics requires specialized knowledge and skills
that go beyond subject matter alone, and Ball et al.’s (2008) Theory of
Mathematical Knowledge for Teaching provides the analytical tools to
identify and analyze the kind of knowledge and skills that mathematics
teaching actually requires (Ding, 2016; Goos, 2013; Jakobsen et al.,
2012; Stephenson, 2018). However, it also has attracted considerable
criticism due to its limited application on how the framework could be
useful for guiding teachers to teach mathematics (Mitchell,
Charalambous, & Hill, 2014) or provide better insights into teachers’
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views and understandings of the mathematical knowledge for teaching
(Mosvold & Fauskanger, 2013). This is a particular challenge for the
field of teacher education and teaching knowledge since the quality of
teaching and teaching knowledge depends on the views and
understandings of those who actually teach. Therefore, this thesis seeks
to provide insights into the understanding that pre-service teachers
develop of the knowledge necessary to teach mathematics.

The following sections aim to contextualize the current study into
the research field of teaching knowledge. They focus on relevant
research related to teachers’ beliefs of teaching knowledge, followed by
a clarification of the main terms used in this study.

2.2 Beliefs of Teaching Knowledge

Over the last few decades, a growing body of research has been
conducted to elucidate teachers’ mathematical knowledge needed for
teaching (Hill et al., 2008). However, most of the extant studies have
focused on the ways teachers’ knowledge and beliefs influence student
performance (Hill et al., 2005; Rockoff, Jacob, Kane, & Steiger, 2011)
and instructional practice (Ball, 1990; Ben-Peretz, 2011; Fennema &
Franke, 1992; Mapolelo & Akinsola, 2015; Wilkins, 2008). In particular,
only a small portion of these studies have focused on teachers’ views and
understanding of the knowledge needed for teaching mathematics
(Hatisaru, 2018; Mosvold & Fauskanger, 2013).

Research on teachers’ beliefs about teaching knowledge, while
limited, has yielded some valuable findings (Ferguson & Brownlee,
2018; Fives & Buehl, 2008; Hofer, 2002; Mosvold & Fauskanger, 2013;
Sinatra & Kardash, 2004). Fives and Buehl (2008), for instance,
described the concept of personal epistemology in the context of studies
about teaching knowledge. The authors employed qualitative and
quantitative methods to examine pre-service teachers’ and practicing
teachers’ beliefs about teaching knowledge and teaching ability. While
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the authors provided valuable insights for developing a framework to
conceptualize teachers’ beliefs about teacher knowledge, they called for
further investigations using longitudinal and cross-sectional
methodologies to explore this topic further, as “such studies would
indicate whether these beliefs are developmental in nature and change as
one experiences the profession” (Fives & Buehl, 2008, p. 172).

Drawing upon the work of Fives and Buehl (2008) and Philipp’s
(2007) concept of belief, Mosvold and Fauskanger (2013) explored the
epistemic beliefs that teachers have about the knowledge needed to teach
mathematical definitions. The researchers gathered pertinent data via
focus-group interviews involving 15 pre-service and in-service teachers
in Norway, which was subjected to content and inductive analysis. Their
findings revealed that, while some teachers believed that knowledge of
definitions is an integral part of their mathematical knowledge for
teaching, others opined that the mathematical definitions are important
for higher grades but are not necessary for lower-grade students. The
participating teachers were, however, aware of the cultural differences in
accepted mathematical definitions.

In a subsequent study, Mosvold and Fauskanger (2014) focused
specifically on the domain of mathematical horizon content knowledge.
In this context, the authors discussed the beliefs pre-service and
practicing teachers have about the knowledge at the mathematical
horizon for teaching. A significant finding that emerged from this study
was that teachers did not seem to emphasize HCK in their education and
practice. When discussing aspects of broader content, participants tended
to focus mainly on whether a particular mathematical content was
directly related to the curriculum for a specific grade level. This
investigation illustrates difficulties encountered when investigating
teachers’ beliefs about mathematical knowledge for teaching, as this is a
complex phenomenon that some teachers might find difficult to
articulate.
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In other studies, focus was primarily given to specific
characteristics of teaching knowledge. For instance, Leikin and Zazkis
(2010) interviewed secondary school teachers about their usage of
advanced mathematical knowledge acquired during undergraduate
studies at colleges or universities. The authors adopted a qualitative
approach based on grounded theory (Strauss & Corbin, 1990), aiming to
identify common themes in the teachers’ data. Their findings indicate
that most teachers acknowledge the relevance of advanced mathematical
knowledge but have difficulties in generating specific problems or
recalling situations in which advanced mathematics knowledge can be
useful (Leikin & Zazkis, 2010). In particular, only a few participants
were able to provide content-specific examples for the purposes and
advantages of their advanced mathematical knowledge for student
learning, such as personal confidence, and the ability to make
connections and respond to students’ questions (Leikin & Zazkis, 2010).
Based on these findings, the authors called for a more articulate
relationship  between advanced mathematical knowledge and
mathematical knowledge for teaching.

While the research briefly reviewed in the preceding sections is
relevant to the understanding of how teaching knowledge influences the
quality of teaching, how teaching knowledge functions in the teaching-
learning process of pre-service teachers during teacher training remains
to be established. Extant studies on this topic suggest that teaching
knowledge should be examined through the lens of pre-service teachers’
perceptions of knowledge domains (Kilic, 2015), their self-perceptions
of the tasks of teaching (O’Meara, Prendergast, Cantley, Harbison, &
O’Hara, 2019), and their views on and understanding of the certainty of
teaching knowledge (Ferguson & Brownlee, 2018). Empirical evidence
shows that teachers’ beliefs have a strong influence on the way they
approach students’ specificities and learning needs (Givvin, Stipek,
Salmon, & MacGyvers, 2001), comprehend mathematical knowledge
(Cady & Rearden, 2007), and develop their identity as a teachers (Ponte,
2011). Thus, there is a need to examine whether pre-service teachers
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truly understand the teaching tasks and the knowledge needed to carry
out these tasks during mathematics instruction.

Influenced by the works of Mosvold and Fauskanger (2013) and
Fives, Lacatena, and Gerard (2015), the present study focuses on the pre-
service teachers’ understanding of the knowledge defined as relevant to
the practice of mathematics teaching. Thus, its aim is to elucidate how
pre-service teachers develop their understanding of the knowledge
necessary to teach mathematics throughout teacher education.

Having presented the theoretical background of this study, it is
now important to clarify the concept of belief and the reasons for
adopting understanding as the focus of this study.

2.3 Clarification of the Terms: Belief and Understanding

Pre-service teacher’s beliefs are a critical part of professional
preparation for the work of teaching, as discussed previously in this
thesis. It is particularly relevant to researchers aiming to elucidate the
central aspects of teachers’ roles and attitudes (Akinsola & Awofaba,
2009; Minor, Onwuegbuzie, Witcher, & James, 2002), instructional
practices (Levitt, 2001; Thompson, 1992), and the conceptions and
views related to teaching and learning specific subjects (Ball, 1990;
Beswick, 2012). The purpose of the forthcoming discussion, however, is
not to diminish the value of studies exploring teachers’ or pre-service
teachers’ beliefs about teaching, but rather to highlight the emergent
need to investigate their understanding of crucial characteristics of the
knowledge and skills entailed in the work of mathematics teaching.

The notion of belief has received multiple connotations over time
(Pajares, 1992). Looking at its linguistic roots, the word belief comes
from Old English leafa “faith”—a later variant to Proto-Germanic ga-
laubon that means “told dear, esteem, trust” (Harper, 2016). During the
12th century, the word “belief” was used synonymously with religious-
like faith (Stringer, 1996). The evolution of the use of the word belief in
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the English language has been thoroughly investigated with respect to
Christianism’s influence and the dynamics of power that have influenced
its meaning. Based on the findings yielded, belief is widely accepted as
a Christian concept, due to which, its use in other contexts may raise
translational and cultural concerns. A non-English speaking person, for
instance, from a culture without a notion of belief, might interpret it as a
vague proposition (Needham, 1972), a social style (Lindquist &
Coleman, 2008), or an experiential efficacy of practice (Mazzoni &
Kirsch, 2002). These multiple overlapping meanings can lead to serious
misinterpretations and misuse of the concept of beliefs depending on the
context.

In the educational research literature, the concept of belief has
been defined and operationalized in a variety of ways, giving rise to
concepts such as epistemic belief (Braten, 2010), epistemological belief
(Schommer, 1990), personal epistemology (Sandoval, 2005), and
epistemic cognition (Moshman, 2016). Epistemic beliefs can be defined
as a lens through which a person interprets a phenomenon or situation
(Rebmann et al., 2015) or as “psychologically held understandings,
premises, or propositions about the world that are thought to be true”
(Philipp, 2007, p. 259). It also refers to the knowledge about how people
justify and associate matters of objectivity, subjectivity, rationality, and
truth (Moshman, 2016). Even though a variety of definitions are adopted
in extant studies, in general, researchers equate epistemic beliefs with
what individuals know about the nature of knowledge and the process of
its acquisition (Conley, Pintrich, Vekiri, & Harrison, 2004; Fives &
Buehl, 2008;; Hofer & Pintrich, 1997; Schommer, 1994).

In the educational research field, teachers’ epistemic beliefs are
usually examined in relation to the practical aspects of mathematics
instruction (Bendixen & Feucht, 2010). This research stream has given
rise to numerous thought-provoking questions such as: what do teachers
think they need to know about teaching? How can teachers’ beliefs about
the nature of knowledge be utilized to understand and improve
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educational strategies? and how do teachers’ beliefs about knowledge
and knowing develop over time? In addition to addressing these
questions, most authors recognize the significant need for teachers to
reflect on and be aware of their practice (Fives & Buehl, 2008).

The present thesis contributes to the extant body of research on
teachers’ epistemic beliefs about the knowledge for teaching
mathematics. The main focus is on a single component of Philipps’
(2007) concept of epistemic belief, which includes an understanding of
the nature of knowledge and knowing. The main research question
addressed in the present study is: How do pre-service teachers develop
their understanding of the knowledge necessary to teach mathematics
throughout teacher education? In answering this question, understanding
is treated as an epistemic dimension of the belief concept.

Understanding is a crucial condition for the development of
epistemic beliefs. Yet, defining understanding is a complex task, as it
might be perceived as a species of knowledge (Grimm, 2006). In
pertinent literature, different forms of understanding have also been
considered, most of which involve a cognitive achievement (De Regt,
2004; Kvanvig, 2003), a mental process or a state of consciousness
(Wittgenstein, 2007), or epistemic goods (Haddock, Millar, & Pritchard,
2009). In the present study, however, Smith and Siegel’s (2004) views
of the concept of understanding are adopted as the starting point. These
authors defined understanding under four conditions, each of which is
deemed necessary for understanding.

The first criterion of understanding is connectedness, which is
defined by Smith and Siegel (2004) as the process by which concepts
and ideas are linked together. According to this view, the ability to
connect different ideas, subjects, or phenomena is an indication of a
person’s understanding. For instance, understanding the concept of real
numbers requires that students identify and define the concepts of
natural, whole, integers, and rational and irrational numbers as subsets
of the real number set, as well as provide appropriate explanations for
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the connections among these concepts. In addition, they should be able
to make connections between abstract concepts and practical experience.
As pointed out by Bassarear (1997), one “can truly understand an idea
only if it is well-connected to other ideas” (p. 9). Based on this view,
one’s depth of understanding depends on how many connections exist
and the quality of those connections (Bassarear, 1997).

The second criterion is the attribution of meaning or in Smith and
Siegel’s (2004) words, “sense-making” (p. 563). This condition relates
to the ability to generalize a concept or idea into different settings. It can
thus be interpreted as a subjective relationship that an individual has with
a concept, object, or phenomenon. For example, a person might know
what real numbers mean, but (s)he might find no reason to use such
knowledge in everyday life. Depending on the context or circumstances,
if a real number has no value for an individual, he or she will likely make
no sense of it.

These assertions lead to the third criterion denoted as application.
According to Smith and Siegel (2004), this condition refers to the ability
to apply a concept or idea in different situations (such as problem-solving
situations). In the process of learning mathematics, for instance, this
condition involves relying on the existing knowledge and skills to solve
a specific problem. Using the earlier example, if a person knows what
real numbers are but is unable to use such knowledge appropriately in a
particular situation, such understanding is incomplete. It is also
noteworthy that the condition of application consists not only of the
ability to provide explanations of what real numbers mean but also how
they can be appropriately employed to the encountered contexts and
problems.

The fourth criterion, justification, involves a coherent appraisal
of at least some of the reasons to support a claim. Smith and Siegel
(2004) opined that one must be able to evaluate a concept, idea, or
situation that is present. For example, students might know the basic
facts about real numbers and might be able to respond to questions about
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them without actually truly understanding the concept of real numbers.
However, in some situations, they will likely not be able to justify the
correctness of their solutions or provide an example that helps to make
sense of them since reasoning demands more than merely knowing
mathematical facts and procedures.

The four conditions of understanding proposed by Smith and
Siegel (2004) highlight not only the major goals of science education but
also acknowledge that science (mathematics in particular) teaching
should aim to develop one’s knowledge and understanding of the
concepts and content without the endeavor in having to change the
students’ beliefs. This strategy recognizes the immense value of
education and teachers in the classroom and opens a new window for
education research to explore new boundaries. As findings yielded by
research on epistemological beliefs have made a significant contribution
to education, the work presented in this thesis is guided by the premise
that the concept of understanding—defined here as an epistemic
component of the belief concept—can provide an alternative interpretive
lens (or conceptual instrument) for examining teachers’ and pre-service
teachers’ learning process, particularly, the pre-service teachers’ ways of
interpreting, constructing, and using the acquired knowledge to conduct
the tasks of teaching properly.
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3 Context of the Study

This chapter introduces the context in which this study took place.
Most of its content is based on a limited version of a book chapter
(Jacinto, Kazima, Jakobsen, & Bjuland, in press, p. x) written to
complement the current research. This book chapter describes the reality
of teacher education in Malawi and provides a historical background of
the actions taken to qualify pre-service teachers for teaching in Malawi.
It also gives an overview of the current programs, institutional
documents, and approaches for preparing pre-service teachers to teach
mathematics in primary schools. Such a content is now part of this thesis
and contributes to our understanding of the processes via which pre-
service teachers must pass to become teachers in Malawi.

Teacher education has been an important political instrument for
improving the quality of the educational system in societies, as pointed
out in Chapter 1. Despite progress, many of its nations are struggling to
meet the targets set by the United Nations (UN) on Sustainable
Development Goal 4 (SDG4) to ensure inclusive and equitable quality
education and promote lifelong learning opportunities for all (UNESCO,
2016a). In the region of Sub-Saharan Africa, nearly 7 out of 10 countries
face shortages of teachers (about 6 million teachers) to achieve universal
primary and secondary education (UNESCO, 2015a). By 2030, 2.2
million new teaching positions need to be created to meet the targets,
while filling about 3.9 million positions due to attrition (UNESCO,
2015D).

In the Republic of Malawi, the first Sub-Saharan African country
to implement free primary education, the quality of education has been
compromised by the employment of teachers with little or no training
(United Nations International Children’s Emergency Fund [UNICEF],
2019). Most of the Sub-Saharan African countries are members of the
Southern Africa Consortium for Monitoring Educational Quality
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(SACMEQ), which is a consortium of Ministries of Education in
conjunction with UNESCO's International Institute for Educational
Planning. The consortium aims to work together to share experiences and
apply scientific methods for monitoring and evaluating the quality of
education in the participating countries, specifically Botswana, Kenya,
Lesotho, Malawi, Mauritius, Mozambique, Namibia, Seychelles, South
Africa, Swaziland, Tanzania (Mainland), Tanzania (Zanzibar), Uganda,
Zambia, and Zimbabwe. SACMEQ administered tests in numeracy and
literacy to primary grade 6 students in all the participating countries. The
first test was in 1995, the second in 2000, and the third in 2007.
According to the third SACMEQ test, seven in ten children in Malawi
lack proficiency in reading and mathematics (SACMEQ, 2010). This
situation puts Malawi as one of the least performing countries in Sub-
Saharan Africa (Ministry of Education, Science, and Technology, 2016).
The details of performance by Malawian grade 6 students found that
more than 90% of the students were operating at a basic numeracy level,
which is three grade levels below the expected level of achievement
(SACMEQ, 2010).

Kazima, Jakobsen, and Kasoka (2016) describe many factors that
contribute to Malawian students’ low achievement, including large class
sizes, limited teaching and learning resources, and the teacher’s poor
quality. Although these factors are connected and need to be addressed
to improve the quality of education in Malawi, the quality of teachers is
most important because a well-qualified teacher will be able to cope and
teach better within the limited circumstances of the Malawian context
than an unqualified teacher (Kazima, 2014; Kayuni & Tambulasi, 2007).
Furthermore, other factors also affect countries like Lesotho and
Zimbabwe, whose students performed better than students in Malawi.
Hence, the quality of teaching seems to be the main factor for Malawian
students’ low achievement. This is likely to be a consequence of
employing unqualified teachers to meet the high demand for teachers that
was created by the introduction of free primary education.
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3.1 Background: The Republic of Malawi

Malawi is a landlocked southern African country that became a
republic in 1966 following its independence from Britain in 1964. Prior
to independence, Malawi was called Nyasaland and was a British
protectorate (Chanaiwa, 1993). From independence in 1964 to 1994,
there was only one party, and the leadership was not democratic
(Kazima, 2014). In 1994, other parties were introduced, the first
presidential and multiparty elections were held, and a new party came
into power. Since then, Malawi has been a multiparty democratic nation,
and so far, three different parties have been in power. Malawi is densely
populated. It has an area of approximately 118,500 square kilometers and
a population of about 18.7 million people (Government of Malawi,
2018). Nearly one-tenth of the population lives in urban areas (11.4%),
whereas the remaining majority live in rural areas (88.6%; Yaya,
Bishwajit, & Shah, 2016). Malawi is also one of the world’s poorest
countries, ranked as 171 out of 189 countries on the Human
Development Index (United Nations Development Program, 2018).
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Figure 2. Malawi and the Sub-Saharan Africa region.

Malawi has struggled to provide quality education in schools due
to the large population and the Ilimited resources available.
Consequently, in past years, Malawi has become a focus of concern for
world leaders due to the poor indices in reading and mathematics
competencies in schools (SAQMEQ, 2010). With the introduction of free
primary education in 1994, Malawi now faces multidimensional
challenges such as lack of facilities, high pupil/teacher and
pupil/classroom ratios, low learning achievement, and poor qualification
of teachers. In urban districts, the average number of pupils per teacher
is about 60. In contrast, in rural areas of the country, such as the
Mangochi district, the rate reaches 1 teacher per 152 pupils (UNICEF,
2019). Over the years, the government has introduced some interventions
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in an effort to address the problems. These have included double shifts
in schools to address the problem of classroom space and hiring many
unqualified teachers to meet the high demand for teachers (UNICEF,
2019).

3.2 The Malawian Education System

The Malawian education system is divided into three levels:
primary, secondary, and tertiary (postsecondary) education. In primary
school education, children’s ages range from 6 to 14 years old, ascending
from Standard 1 to Standard 8. Secondary school education is offered for
students with ages between 15 to 19 years old from Form 1 to Form 4.
However, due to students repeating a grade and other reasons, the age
range might exceed 14 and 19 for primary and secondary school,
respectively. The duration of tertiary education varies depending on the
programs and institutions. For example, programs at a university often
take four to five years, and vocational education can take one to two
years. Pre-primary education in Malawi is a non-mandatory program
designed for children ages 3 to 5 and offered by Early Childhood
Development Centres that are managed by the Ministry of Gender,
Women, and Child Welfare.

3.3 Primary Teacher Education in Malawi

Primary teacher education in Malawi started during the colonial
period. Primary teacher colleges were established by churches in
association with the Christian Council (Banda, 1982), and all the teacher
colleges followed a three-year program with the same curriculum. The
three-year curriculum contained more content courses than the current
curriculum. After independence, the Ministry of Education took over
responsibility and management of primary teacher education and
established more teacher-training colleges (TTC). As of 2019, eight
teacher-training colleges exist.
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Since the introduction of free primary education in 1994, there has
been a rapid increase in the number of children in primary schools from
1.8 million in 1993 to 4.5 million in 2014 (Government of Malawi,
2016). This resulted in a very high demand for teachers and the Ministry
employed approximately 22,000 unqualified teachers with a plan to offer
on-the-job training. The minimum requirement for the recruitment was a
Junior Certificate which was obtained after passing national
examinations at the end of two years of secondary education. Therefore,
these teachers had only two years of secondary school mathematics
which include Algebra, Euclidean Geometry, and Arithmetic.
Consequently, the teachers’ own knowledge of mathematics was not
much higher than the primary school mathematics they were required to
teach.

As another intervention to address the shortage of qualified
teachers, the Ministry reduced the teacher education program’s duration
from three years to two years (Kazima, 2014). After recruiting thousands
of unqualified teachers, the Ministry discontinued the fulltime program
for teacher education and introduced a largely school-based program in
1997, called the Malawi Integrated In-Service Teacher Education
Program (MIITEP). The program took twenty-four months with four
months for college-based courses and the remaining 20 months for
teaching in schools. The college-based courses included Educational
Foundations, English, Mathematics, Science, and Expressive Arts. The
mathematics included mostly Arithmetic and mirrored the topics of
primary school mathematics. The school-based learning was in the form
of teaching practice with supervision by the college lecturers and the
classroom teachers. The college lecturers were recruited by the Ministry
of Education and were required to have more than 10 years of teaching
experience in primary schools and a minimum qualification of a Diploma
in Education, which is lower than Bachelor’s degree level.

The MIITEP was designed to be an emergency program for about
five years. However, it continued to run for ten years until 2005 since
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more unqualified teachers continued to gain employment. In 2005, the
Ministry discontinued the MIITEP and introduced a new program called
the Initial Primary Teacher Education Program (Ministry of Education,
2005).

The new Initial Primary Teacher Education Program (IPTE) had a
duration of two years. The first year consisted of full-time college-based
courses, and the second year was full-time school based in the form of
teaching practice. The entry requirement into the program was also
revised from the Junior Certificate to the Malawi Schools Certificate,
which requires a passing national examination after completing the four
years of secondary education. The examinations are equivalent to O-
Level in the English system. The candidates for this certificate would
have covered Algebra, including algebraic expressions, linear equations,
quadratic equations, graphs of equations, and inequalities; Euclidean
Geometry including lines and angles, polygons and their properties,
circle properties and theorems; Arithmetic, specifically commercial
arithmetic; and Trigonometry, including sine, cosine, tangent, and
trigonometric identities. The curriculum of the IPTE Program had a total
of ten learning areas: agriculture, education foundation studies,
environmental studies, expressive arts, general and social studies, life
skills, literacy and languages (English and Chichewa), numeracy and
mathematics, religious studies, and science and technology. All pre-
service teachers were required to study all ten learning areas since the
primary school teachers are expected to teach all the subjects in primary
school (Ministry of Education, 2005). This curriculum was offered from
2005 to 2016.

In 2017, the IPTE curriculum was revised, and the structure of the
program changed from one year (three terms) of college courses and
three terms of teaching practice to four terms of college courses and two
terms of teaching practice. In this new structure, pre-service teachers take
theoretical courses in college for the first two out of three terms of the
first year, learning subject content with a special focus on teaching
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methods for primary classes. After completing the coursework in these
two terms, pre-service teachers go into the field for practice,
experiencing teaching in both lower and upper primary classes for two
terms (last term in the first year, and first term in year two). During
teaching practice, the students are supervised periodically by the teacher
educators and more regularly by mentors in the school. Mentors are
experienced teachers who have been trained by the teacher colleges to
supervise student teachers during teaching practice in the schools. In the
last two terms of year two, the pre-service teachers return to college to
continue learning subject content to reflect on their experience of
teaching practice then complete their studies (Malawian Institute of
Education, 2017).

The current revised curriculum (Malawian Institute of Education,
2017) has adopted a reflective practitioner model of teacher education
(Schon, 1987) that aims to connect practice and theory and integrates
content and pedagogy in teaching and learning. The innovative features
of this curriculum include:

e The curriculum design is based on reflective practice principles;

¢ Introduction of specific early grade teaching methodologies;

e Delivery of the subject content following modular approaches;

e Teaching experience in both lower classes and upper classes of
primary school; and

e Cross-cutting studies involving assessment for learning,
information and communication technology, and critical thinking.

The primary teacher education curriculum is designed in a modular
structure and contains the same ten learning areas outlined earlier in this
chapter, but with different weighting in terms of time. Three learning
areas (Education Foundations Studies, Numeracy and Mathematics,
Literacy and Languages) are allocated more time than the others. In this
modular design, a set of topics forms a module in a subject. A module
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consists of 40 hours of contact time. The core elements in Numeracy and
Mathematics are shown in Table 2.

Table 2. Core elements in numeracy and mathematics by term and number of
hours (Malawian Institute of Education, 2017).

Core Element Term | Term | Terms3 | Term | Term
1 2 and 4 5 6
Theories, Concepts, and Issues in 40
the Teaching and Learning of
Mathematics

Number Concepts and Operations 40 40
(e.g., whole numbers, fractions,
decimals, percentages, rate, ratio,
proportion)

Measurement (e.g., length, 40
perimeter, area, volume)
Data Handling (e.g., representing 40
data, bar graphs, pictographs)
Space and Shapes (e.g., triangles, 40
rectangles, circles)
Accounting and Business Studies 40
(e.g., profit and loss, simple and
compound interest)

Patterns, Functions, and Algebra 40
(e.g., number patterns, linear
equations)

aanaeld Buiyoes |

Primary teacher education programs have both continuous
(formative) and summative assessments to measure pre-service teachers’
achievement of knowledge, skills, values, and attitudes. These include
oral presentations, practical tasks, reports, research, tests, and
examinations. The grading system is given in percentages: 60% for
continuous assessment and 40% for summative assessment.

The current mathematics curriculum for primary teacher
education encompasses standards that require pre-service teachers to
acquire subject matter knowledge and develop pedagogical ways to
promote students’ lifelong learning (Malawian Institute of Education,
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2017). The curriculum contains three major goals for teachers in the
teacher education program:

1. Develop academically well-grounded and professionally
competent teachers;

2. Stimulate flexibility and capability of adapting to the changing
needs and environment of Malawi society;

3. Professionalism in adhering to and maintaining the teaching
profession’s ethics and being imaginative in adapting, creating,
and utilizing locally available resources suitable for the needs of
their learners.

The IPTE curriculum rests its philosophy on the basis of the
following principle: “To produce a reflective, autonomous, lifelong
learning teacher, able to display moral values and embrace learners’
diversity” (Malawian Institute of Education, 2017, p. ix). Therefore,
preparing teachers of quality seems to be an important goal within this
context, yet it is unclear how these principles and the main principles
guide teachers’ practice. Similarly, the syllabus for preparing primary
teachers in Malawi focuses on three main skills needed for an effective
teacher: competency, flexibility, and resourcefulness, but no
transparency on the meaning of these skills is provided; for instance,
what is meant by being “a resourceful teacher” in Malawi (Malawian
Institute of Education, 2017, p. ix).

In general, primary teacher education has been an essential
instrument in building a democratic system in Malawi (Kunje, Lewin, &
Stuart, 2003). The existing teacher training guidelines define, to some
extent, the characteristics needed by a teacher to attend to the demands
of society. Recent reforms in the curriculum for preparing both primary
and secondary pre-service teachers in mathematics have aimed for
inclusive and equitable quality education and lifelong learning. These
qualities encompass characteristics that are both unique and globally
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shared (profound knowledge of the subject matter and pedagogical
content, abilities to work with larger classrooms and poor environmental
conditions, and cultivation of specialized knowledge of resourcefulness).
This information contributes to a better understanding of how the
educational system for preparing elementary teachers in Malawi is
constituted, which is significant to describe the context in which the
current research took place.
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4 Methodology

4.1 Research Design

The method chosen for this research was based on a qualitative
case study approach (Stake, 1995). Case study is often used in
educational research to provide richness and depth to the understanding
of individuals, groups, and institutions, as well as their beliefs and
perceptions, interactions, challenges, and issues (Hamilton & Corbett-
Whittier, 2013). Although case study design can also be used in
quantitative and mixed-methods research to obtain numerical
information or patterns related to the phenomena observed (Creswell &
Plano Clarke, 2018), it is better suited for studying the subjectivity of the
investigated phenomenon (Silverman, 2005). The case study approach
is, therefore, more qualitative than quantitative because it involves
causality (George & Bennett, 2005; Starman, 2013).

The aim of a case study in qualitative research is to examine the
phenomenon’s particularities in relation to its totality. In educational
science, a case study design is typically adopted when the aim is to
answer how and why questions (Stake, 2008). Such an approach is thus
beneficial for investigations that aim to go beyond descriptions and
obvious inferences about a case. Since a case can be an individual, group,
situation, process, or relation, it allows researchers to decode the
particularities and holistic aspects of the case through the actors’
perspective (Tellis, 1997). Given these characteristics, a case study
approach  best suits investigations that examine subjective
phenomenon—such as the present investigation that examines the
understanding pre-service teachers develop of the knowledge necessary
to teach mathematics—that cannot be perceived through one lens, but
rather from a variety of lenses (Baxter & Jack, 2008).

A case study also allows researchers to unravel “the
particularities and complexity of a single case, coming to understand its
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activity within valuable circumstances” (Stake, 1995, p. xi). In this
context, Coimbra and Martins (2013) asserted that a case study “is a
social study of a phenomenon, within the unity and totality of a system,
which is temporally and spatially limited” (p. 391). Such conditions
allow researchers to examine not only the main characteristics of the case
within its real context, but also the processes connections and dynamics
that surround the case, “especially when the boundaries between a
phenomenon and context are not clear and the researcher has little
control over the phenomenon and context” (Yin, 2002, p. 13). Thus, the
case study approach is suitable for examining the development of pre-
service teachers’ understanding of the knowledge needed to teach
mathematics in the context of Malawian primary education.

Studying a case in its real context allows the results to be
generalized and applied to similar settings. According to Gerring (2004),
a case study is best defined as an intensive study of a single unit that is
generalized across a broader set of units. Similarly, Johnson (2011)
stated that although the primary goal of a case study is understanding the
case itself, it can also be seen as a tool to examine a “specific
understanding of a smaller group of pre-service teachers in a larger
number of the other pre-service teachers in the same cohort” (p. 5).
Further, Johnson (2011) complemented this view by asserting that case
studies help researchers to develop a broader scope of data in which the
cases are situated.

The decision to employ a case study as a practical approach for
this research was based on more than a methodological deliberation.
Several case study examples and models for teacher education can be
found in pertinent literature. Still, few of them can be considered as a
practical model (Rosenberg & Yates, 2007) or linked to a theoretical
framework that examines the teaching knowledge (Tellis, 1997). Thus,
the design of the present study was designed to adapt to the context of
initial teacher education in Malawi, so the pre-service teachers’
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understanding of teaching knowledge and learning experience for
teaching mathematics in primary schools could be examined.

Malawian primary teacher education colleges offer a two-year
course comprising six terms (as described in Chapter 3). During the first
and second terms, pre-service teachers take theoretical classroom-based
courses, whereas in the third and fourth terms, they go to local schools
to complete supervised teaching practice. In the last term, they return to
the college for more theoretical courses and reflection activities,
allowing them to learn further from their teaching experience. To align
with these distinct phases of the teacher education program, this research
was conducted in three phases, denoted here as moments: Initial Moment
(IM), Second Moment (SM), and Third Moment (TM).

4.1.1 The Initial Moment

During the IM, a first meeting was held with a group of twenty-
three pre-service teachers from two beginning classes, who volunteered
to participate in the study. During this meeting, all pre-service teachers
completed a questionnaire comprising of both closed-ended and open-
ended questions (see Appendix 1). These questions probed into the
characteristics and profiles of the participants as well as their teaching
experience (TE), mathematical interests in high school (MIHS), and
mathematical interests for teaching during college (MIC). The pre-
service teachers’ profiles were arranged according to six categories that
combined their TE, MISH, and MIC, as illustrated in Figure 3 and
summarized in Table 3.
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Figure 3. Number of participants during IM, and the selection process for the
SMand TM.

The questionnaire also contained a five point Likert-type scale
table (Krosnick, 1999), allowing the respondents to rate the relevance
from not at all important to extremely important (see Appendix 1) of the
knowledge and skills necessary to carry out tasks of teaching
mathematics in Malawian primary schools. The list of specific
knowledge types was created on the basis of the Ball et al. (2008) theory
and related works, and it was a point of focus not only during IM but
throughout SM and TM. The types of knowledge and skills the
participants were required to rate included:

a) Knowledge of mathematical concepts contained in the school
curriculum,

b) Knowledge of mathematical concepts outside (beyond those
prescribed by) the school curriculum,

c) Using mathematical terms and notations correctly,
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d)

9)

h)

w)
X)

Ability to verify the accuracy of the mathematical definitions and
examples in the textbooks,

Ability to identify student errors,

Ability to identify and explain where and how the students’ errors
occur,

Understanding the methods proposed by the textbooks to solve
mathematical problems,

Knowledge of the different methods (generally not contained in
the textbooks) that can be adopted to solve mathematical
problems,

Ability to introduce mathematical concepts in exactly the same
way as the textbook suggests,

Knowing how to introduce mathematical concepts and
procedures in different ways (usually not contained in the
textbooks),

Ability to prove mathematical statements,

Knowing how to give contextual examples for underlying
mathematical ideas,

Knowledge of advanced mathematics,

Ability to engage students in the learning process,

Ability to explain how a particular mathematical topic is related
to another mathematical topic,

Ability to explain how a mathematical topic is associated with
other subject(s),

Knowing how to link mathematical topics to real-life situations,
Ability to organize activities outside the classroom,
Anticipating students’ errors and common misconceptions,
Interpreting students’ ideas correctly,

Ability to predict what students are likely to do when given
specific tasks and what they will find interesting or challenging,
Knowing how to design a lesson effectively,

Ability to connect a lesson with another lesson,

Ability to choose appropriate exercises for instructional tasks,
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y) Knowing how to use different teaching methods to teach
mathematics,

z) Ability to evaluate the advantages and disadvantages of using
specific representations,

aa) Comprehending the purposes and ethical values of education,

bb) Knowledge of the history of mathematics,

cc) Knowing how different cultures (or nations) develop and use
mathematical ideas,

dd) Willingness to conduct research to uncover new facts and ideas
related to the curriculum,

ee) Understanding what students find interesting and motivating in
mathematics, and

ff) Knowing what students find easy and difficult in learning
mathematics.

This list of items was based on a comprehensive literature review
of studies about the knowledge teachers need to possess to teach
mathematics (Ball et al., 2008; Jakobsen et al., 2012; Shulman, 1987).
Each of these items was arranged according to one of the six knowledge
domains suggested by Ball et al. (2008), as shown in Appendix 1,
allowing connections to be made among the three study moments rather
than imposing any particular domain on any research process. As an
adaptable methodology was embraced for the present study, allowing
items to be added or removed as the data was being collected, allowed
each item to be seen as a preliminary code that contributed to the
organization and framing of the item(s) according to the perspective of
the pre-service teachers (as discussed further in Chapter 4.3 Data
analysis).

After all the participants completed the questionnaire, each
attended an individual interview which explored their responses in depth.
During these interviews, the participants also discussed their views and
ways of understanding the items listed in the questionnaire. The goal of
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the interviews was to determine the relevance that Malawian pre-service
teachers assign to the knowledge and skills entailed in teaching (Ball et
al., 2008) when it comes to teaching mathematics in primary schools.
The pre-service teachers were also prompted to discuss their motives for
and expectations of studying and becoming a primary school teacher.
The interviews were video recorded during the process. This opening
moment with the pre-service teachers was fundamental for determining
the understanding that pre-service teachers have of the knowledge
needed for teaching mathematics at the beginning of their teacher
education.

4.1.2 The Second Moment

The Second Moment (SM) was based on systematic observations
(Jablon, Dombro & Dichtelmiller, 2007) of the pre-service teachers’
lessons on specific mathematical topics in local primary schools. This
moment occurred during the in-field activities in local schools with a
smaller sample of pre-service teachers than in the IM. Due to time and
resource limitations, only one pre-service teacher per category was
selected, resulting in observations of six pre-service teachers with
different teaching experience and subject preference in high school and
for teaching in college, as outlined in Table 3.

Table 3. Characteristics of the cases selected for the SM observations

Research sample selection Pre-service teachers’

criteria anonymized names
TE/MIHS/MIC Martin
TE/No MIHS/No MIC Mario
TE/No MIHS/MIC Clara
TE/ No MIHS/MIC Denise
No TE/ MIHS/MIC Patrick
No TE/No MIHS/MIC Daniel
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TE, Teaching experience; MIHS, Mathematical interests
in high school; MIC, Mathematical interests for teaching
during college.

Table 3 shows the six types of profiles and the corresponding
names given to the pre-service teachers. The first four pre-service
teachers (Martin, Mario, Clara, and Denise) has previous experience in
teaching. Martin is a 20-year-old, and he had one year of experience as
a secondary teacher before entering the teacher education college. Martin
expressed interest in mathematics during high school, as well as
preferences for the mathematics courses at the teacher education college.
On the other hand, Mario (22 years old), Clara (23 years old), and Denise
(24 years old) demonstrated no interest in the mathematics subject during
elementary school. Mario reported having no affection for teaching
mathematics during college. While Mario and Denise both had one year
of experience as primary school teachers, Clara had some experience as
a home tutor in mathematics. At the bottom of Table 3, Patrick (23 years
old) and Daniel (21 years old) presented no teaching experience prior to
entering teacher college. While Patrick’s favorite high school subjects
were biology and mathematics, Daniel’s was the English language.

The six pre-service teachers mentioned in Table 3, chosen among
the twenty-three that took part in the IM, were selected based on three
criteria that could reflect the diversity of the pre-service teachers’ profile
(Figure 2) and the feasibility of observing them during teaching practice
in local schools. Although the six participants selected for SM were
considered representative of the diversity of entering pre-service
teachers’ profiles in teacher education, the study also explored the cases
in its singularity. According to Thomas (2011), “the subject (the case) is
not selected based upon a representative sample, but rather is selected
because it is interesting, unusual, striking, and may cause changes in the
characteristics and specificities of the object” (p. 514).
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Some of the Malawian primary schools in which pre-service
teachers were required to complete their practice sessions were far from
urban areas and thus difficult to access. As each pre-service teacher was
located in a different school assigned to a different standard, the topics
of their lessons varied. In addition, as each pre-service teacher had a
different lesson schedule, this had to be considered when planning the
observations and interviews.

During the systematic observations, focus was given to the ways
pre-service teachers employed at least one of the items listed in the IM
questionnaire during their teaching practice, such as answering students’
questions, connecting prior knowledge to the new lesson topic, or using
resources to introduce a mathematical concept. The goal of these
observations was to capture specific situations and (verbal and non-
verbal) behaviors in which the pre-service teachers employ the
knowledge listed in IM to carry out tasks that emerge when they teach
mathematics in the primary school. For one week, a mathematical lesson
provided by each pre-service teacher was video-recorded without
interference.

The establishment of the items listed in the IM questionnaire
survey was crucial for conducting systematic observations of pre-service
teachers’ lessons and in guiding the individual post-lesson interviews.
These interviews included questions regarding the tasks that the pre-
service teachers faced during their teaching practice and the knowledge
they drew upon to carry out these tasks. The discussions generated during
these interviews revolved around the short videos of their lessons, which
were presented to the pre-service teachers before asking them to
elaborate on specific actions and the kind of knowledge used (or could
have been used) to carry out the tasks in question effectively. This aspect
of the study was essential to gain insight into the way Malawian pre-
service teachers negotiate their understanding of the knowledge needed
for teaching mathematics while conducting lessons.
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4.1.3 The Third Moment

As noted previously, the TM occurred in the last terms of the
program when the pre-service teachers came back to college to take
additional courses and reflect upon their teaching experience. The data
for this final moment of the study was gathered via a focus group
discussion (Creswell, 2005; Wilkinson, 2004) that aimed to encourage
the participants to articulate their way of understanding the teaching
knowledge. These discussions covered the items listed in the IM
questionnaire, focusing on the answers the pre-service teachers provided
during IM and SM post-lesson interviews. The aim was not only to
determine the understanding that pre-service teachers have of teaching
knowledge at the end of the program but also to examine its evolution
since the beginning of their teacher education. Table 4 details each of
these moments.

Table 4. Summary of the empirical material collected in all three study moment

Moments Period Objective Instruments/Actions
throughout
Teacher
Education
Initial Moment 1 week during Obtain Application of the
(IM) term 1 of the information of questionnaire survey
teacher pre-service and like-scaled quiz
education teachers’ profile,  about the relevance of
program motives and the teachers’
professional goals knowledge items
and find out their proposed by the
initial literature
understanding of ]
the knowledge Semi-structured
necessary to teach Individual Interviews
mathematics in about pre-service
Malawian primary teachers’ responses in
schools the questionnaire
survey
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Second Moment
(SM)

6 months during
terms 3 and 4 of
the teacher
education
program

Gather data on
how pre-service
teachers carry out
tasks of teaching
during practice
and how they
understand the
knowledge that
was used to carry
out these tasks

Observe and video-
record the pre-service
teachers’
mathematical lesson

Interview the pre-
service teachers after
each lesson

Third Moment
(TM)

2 days during
term 6 of the
teacher
education
program

Find evidence of
the development
of pre-service
teachers’
understanding of
teaching
knowledge during

Focus group
discussion with all
pre-service teachers
about the evolution of
their understanding of
teaching knowledge
during college

teacher education

4.2 Ethics Issues

Prior to commencing the study, ethical approval was obtained
from the Norwegian Social Science Data Service (NSD). The study had
also been approved by the head of the teacher education college from
which the participants were recruited and by the principals of the local
schools where pre-service teachers completed their teaching practice.
Each pre-service teacher also gave written consent for participating in
the study, acknowledging that he/she could withdraw any time without
restrictions or penalties.

As Malawian teacher education is under development, all ethical
issues concerning the protection of the pre-service teachers’ integrity had
to be considered. One potential ethical issue pertained to recording
lessons, individual interviews, and anonymization of the participants. As
young adults have an awareness of the consequences of their choices in

55



Methodology

social life, they are a non-vulnerable group (Liamputtong, 2007). The
present study considered the issues according to the NSD standards.

4.2.1 Acknowledgment for the Study

Prior to taking part in the present study, all pre-service teachers
who agreed to participate received written and oral information about the
project and signed an informed consent form. The information letter was
previously accepted by the NSD and was written according to the NSD’s
guidelines under the conditions that the project end-date should be
clearly stated to the participants and detailed information on
safeguarding personal data (notification that data will be anonymized)
would be provided.

Two pre-service teachers (one male and one female) asked
whether the video recordings were going to be shared via YouTube,
which must have seemed an exciting prospect for them. When they were
told that the videos were going to be used for research purposes only,
several individuals were clearly disappointed but still agreed to take part
in the project. All pre-service teachers were informed that their names
would be replaced by pseudonyms in all research materials. Even though
the disappointment expressed by several pre-service teachers may have
affected their motivation to participate in the study, data anonymization
is strongly recommended by Biesta (2007) to avoid distraction and
unusual behaviors during data collection, which might reduce the
validity and credibility of the analysis (Allmark et al., 2009).

During the SM, care had to be taken to protect the integrity of the
students, although their involvement in lessons was not the focus of the
study. The local schools have an agreement with the teacher training
college which allows research and experimental activities involving their
pupils to take place. Nonetheless, prior to the present study, the college’s
head and all schools’ headmasters received a letter explaining the study
protocols. In addition, prior to classroom observations, both pre-service
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teachers and the researcher explained the study’s objectives to the
students, informing them about the presence of cameras in the classroom.
This action was suggested by the headmasters of individual schools to ensure
that the researcher’s presence was relatively non-invasive and would not
alter pupils’ participation and performance during the lessons.

4.2.2 Issues Concerning Pre-service Teachers’ Conduct

In all three study moments, pre-service teachers were interviewed
regarding their views and understanding of the knowledge needed for
teaching mathematics. Interviewing young adults presents specific
challenges, such as confidentiality and dual roles, as articulated by
Allmark et al. (2009) in a review article on research ethics of in-depth
interviews. The interview subjects in this particular case were young
adults who were expected to become professionals in teaching children.
Hypothetically, this means that if a pre-service teacher participating in a
research project displays a behavior, teaching practice, or opinion that
goes against established norms for the profession, it could have negative
work-related consequences and could be identified by colleagues or
leaders in the final reports. Such legitimate concerns could preclude their
participation in the project. Nevertheless, no misconducting behavior
was observed, the focus (mathematical knowledge for teaching) was not
particularly sensitive to the pre-service teachers, and they seemed pleased
to contribute, so perhaps this issue is more of a challenge to the validity
than it is to the ethics of the study.

4.3 Data Analysis

As all data gathered for this study was qualitative, it was
subjected to thematic analysis. According to Braun and Clarke (2006),
such an approach is a crucial tool for qualitative research since emerging
themes allow researchers to examine “the ways in which events, realities,
meanings, experiences and so on are the effects of a range of discourses
operating within society” (p. 81). The thematic analysis enables
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researchers to identify and interpret important patterns or themes within
the data to comprehend an issue, problem, or complex phenomenon
(Vaismoradi, Bondas, & Turunen, 2013). Although criticized for its
subjectivity and lack of transparency in the creation of themes (Attride-
Stirling, 2001), the thematic analysis approach provides a rich and
insightful understanding of the phenomena in focus since it can be
applied across a range of theoretical and epistemological approaches, and
used to expand or test a hypothesis (Braun & Clarke, 2006).

Thematic analysis is similar to content analysis (Javadi & Zarea,
2016; Vaismoradi et al., 2013), as the aim of both methods is to establish
themes and categories. However, during content analysis, the frequency
with which those categories appear in the data is also recorded (Bauer,
2000), whereas meaning of the data in context is the primary focus of
thematic analysis. According to Joffe and Yardley (2004),

the aspiration of thematic analysis, in particular, is to stay true to
the raw data, and its meaning within a particular context of
thoughts, rather than attaching too much importance to the
frequency of codes which have been abstracted from their context

(p. 3).

Thematic analysis in qualitative research can be both inductive
and deductive. As Braun and Clarke (2006) explained, themes or patterns
within data can be identified either in an inductive “bottom up” approach
(Frith & Gleeson, 2004), or in a theoretical, deductive “top down” way
(Boyatzis, 1998; Hayes, 1997). In either case, Braun and Clarke (2006)
suggested six step-by-step guides for conducting thematic analysis that
include:

1. Familiarization with the data,

2. Generating initial codes,

3. Searching for themes,

4. Reviewing themes,

5. Defining and naming themes, and
6. Producing the report.
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These six steps served as a reference for the analytical approach
adopted in this study. Data pertaining to all six pre-service teachers’
lessons and interviews was transcribed using the NVivo software (QS
International Pty Ltd., 2018) and was organized according to the items
used in the IM questionnaire. These transcriptions were read and re-read
against the original recordings for familiarization with the data and to
ensure transcription accuracy. This data transcription and organization
method was used in all three study moments (IM, SM, and TM), allowing
the analysis to focus on specific characteristics of the teaching
knowledge domains proposed by Ball et al. (2008).

Initial codes for the study were based on the list of knowledge
and skills necessary to teach mathematics (Appendix 1) and the five
categories for the concept of understanding pre-established on the
conceptual framework (connectivity, sense-making, applicability, and
justification), as illustrated in Chapter 2: Theoretical and Conceptual
Background and Relevant Research. Figure 4 is an example of how the
initial codes (Justification, Application...) were generated from the
segments of the transcriptions and the conceptual frameworks’ items.

MKT Domain . o
Knowledge Items Except from Mario’s IM Criteria for
(Initial Code) interview Understanding
Knowing “For me. the content of the Justification
mathematical curriculum is important for
CCK concepts contained teachers to know because it Application
in the school helps them to be better
curriculum prepared to teach.”

Figure 4. Organization of the data and generation of the initial codes within the
conceptual framework.

The third phase of data analysis began with the elaboration of the
themes. Each theme in this study was generated inductively to align with
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the research questions, rather than trying to fit it into a coding
framework. The aim of this stage of the analytical process was to
interpret the data to identify broader topics or headings applicable to the
participants. According to Braun and Clarke (2006), this is a crucial stage
of thematic analysis since it necessitates exploring the relationship
among the codes and their different levels of connection. Some codes
might be useful for building themes, while others might not; hence, it is
the researcher’s responsibility to combine, refine, or discard them to
capture the contours of data.

Themes are not a fixed category of analysis (Maguire &
Delahunt, 2017). The redefinition of themes in the fourth phase of this
study was shown to be “an iterative and reflective process that develops
over time and involves a constant moving back and forward between
phases” (Nowell, Norris, White, & Moules, 2017, p. 4). For instance, the
theme Knowledge of the mathematical concepts contained in the school
curriculum was initially generated from one item in the conceptual
framework. However, as the analysis process developed after reading the
data, this theme had to be divided into three sub-themes (importance for
teachers to know mathematics for professional qualification, importance
for teachers to know mathematics to solve problems in the classroom,
and implications of school mathematical content for students learning of
mathematics). Figure 5 shows how one of these themes (initial codes)
was later modified and incorporated into a broader category denoted as
CCK for teaching and learning (as discussed in the first journal article
of this thesis).
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MKT Domain Knlo ielige Except from Denise’s Criteria for
oo IM interview Understanding Shema
(Initial Code) =
Knowing “Forme, uh... it is
mathematical important for the Justification
concepts teacher to know the CCK for
CCK contained in the | content because he or b gt
school she can help the R A
z learning
curriculum learners to understand Application
when they are learning
mathematics.”

Figure 5. Production of themes from the initial codes and the conceptual
framework.

Developing themes is one of the most complex phases of
thematic analysis (Costa, Brenda, Pinho, Bakas, & Durdo, 2016).
DeSantis and Ugarriza (2000) opined that “a theme captures and unifies
the nature of the basis of the experience into a meaningful whole” (p.
362). At this stage, the researcher refines and adjusts the themes to
identify “the ‘essence’ of what each theme is about (as well as the themes
overall) and determining what aspect of the data each theme captures”
(p. 92). For each theme identified in this study, the aim was to find and
construct a narrative that could apply to the entire data set and relate
directly to the research questions (Braun & Clarke, 2006). This process
was crucial for demarcating and organizing segments of similar or
related text. Figure 6 shows how the themes of analysis were adjusted
into the conceptual framework and the criteria for the concept of
understanding.
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After defining and refining the themes, Braun and Clarke (2006)
suggest writing reports that link the themes back to research questions
and pertinent literature. This last phase of the analysis of the data is
reported in Chapters 5 and 6. In these chapters, after outlining the scope
and content of the themes in each article, the connections and meanings
between these themes were explored in light of the literature and the main
research question of this study.
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5 Results

This chapter presents the four articles chosen to compose this
thesis with an emphasis on reviewing the findings in each article. As
established in Chapter 1, the overall aim was to present and discuss the
results of a study that sought to contribute to improving the quality and
capacity of mathematics teacher education in Malawi. The main question
of the study (How do pre-service teachers develop their understanding
of the knowledge necessary to teach mathematics throughout teacher
education?) was explored through three sub-research questions:

1. What understanding do pre-service teachers have of the
knowledge needed to carry out the tasks of mathematics teaching at the
beginning of their teacher education?

2. To what extent does the pre-service teachers’ understanding of
the knowledge needed to carry out tasks of teaching evolve through the
discussion of practical experiences in college?

3. How do pre-service teachers develop their understanding of the
knowledge needed to carry out the tasks of teaching throughout teacher
training?

These three questions considered what prior research has
uncovered regarding the knowledge needed to teach mathematics in
primary school and how pre-service teachers acquire and construct an
idea of this knowledge during teacher education.

This chapter is organized into three sections that summarize the
results from each article chosen to compose the synopsis.
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5.1 Article 1

Jacinto, E. J, & Jakobsen, A. (2020). Mathematical knowledge for teaching:
How do primary pre-service teachers in Malawi understand it?, African
Journal of Research in Mathematics, Science and Technology Education,
24(1), 31—40. Doi: 10.1080/18117295.2020.1735673

This article examined the understanding that six pre-service
teachers have of the mathematical knowledge, within the scope of
subject matter knowledge domains (CCK, HCK, and SCK), they need to
carry out their work as teachers of mathematics. This was addressed
through the following research question: How do Malawian pre-service
teachers understand the mathematical knowledge for teaching in primary
schools? This question relates to the first sub-research question of this
thesis: What understanding do pre-service teachers have of the
knowledge needed to carry out the tasks of mathematics teaching at the
beginning of their teacher education? This article explored themes of
analysis belonged to the KCC, KST, and KCT domains Ball et al.’s
(2008) mathematics knowledge for teaching framework (see Figure 1).

Data for this article was based on a questionnaire survey and
individual interviews with six pre-service teachers at the beginning of
their teacher education. Article 1 drew upon four themes of analysis:
CCK for Teaching and Learning; Relating Knowledge of Out-of-
Curriculum Content to HCK; The Importance of SCK in Interpreting
Students’ Errors and Capacities; and SCK: Stimulating Mathematics
Learning Through Different Approaches. The first theme focused on the
case of three out of six pre-service teachers (Daniel, Denise, and Clara)
who revealed traces of understanding that valued the relevance and
applicability of mathematical content contained in the school curriculum
for primary school instruction. These traces drew upon the students’
needs and specificities and teachers’ confidence about teaching
mathematics. Based on their initial understanding, in-depth knowledge
of school mathematical concepts was considered crucial for teaching

66



Results

mathematical concepts in different forms and helping students to meet
the curriculum requirements, according to pre-service teachers’ views at
the beginning of their college education. Moreover, pre-service teachers
assumed that subject matter knowledge should be used to encourage
students to apply knowledge of familiar topics while in pursuit of new,
more complex topics; they valued the knowledge of progressive learning
of the subject matter to make connections between mathematical
concepts.

The second theme embodied facets of the HCK domain.
Although scholars recognized the differences between HCK and
knowledge of content and curriculum (Jakobsen et al., 2012), the six pre-
service teachers involved in this study still referred to knowledge about
content outside the curriculum as a curricular horizon rather than as a
mathematical horizon. The relevance of this type of knowledge,
however, varied among the six pre-service teachers. Four pre-service
teachers placed knowledge beyond the school’s curriculum as less
important—arguing that the Malawian government determines what
needs to be taught in classrooms and that teachers do not need to go
beyond the curriculum content. The other two pre-service teachers,
however, demonstrated a more balanced point of view, contending that
teachers need to possess knowledge outside the school’s curriculum to
handle the tasks of teaching. Some examples were given related to Ball
et al.’s (2008) lists of tasks of teaching, such as properly answering
students’ questions, making content easier for students to learn, and
connecting topics being taught with topics from prior or future years.
Additional examples involved reflecting on what they are teaching and
how they are sequencing the content of the curriculum, a necessary
element of effective teaching. Additional findings revealed that the pre-
service teachers acknowledge that content outside of the school
curriculum can be essential, but it can be challenging for teachers in
Malawi to access it, due to the work conditions and limited resources.
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The third and fourth themes relate to the pre-service teachers’
understanding of the knowledge needed within the domain of SCK.
Whereas the third theme focuses on the knowledge needed to interpret
students’ errors and capacities, the fourth covers the knowledge
necessary to carry out different approaches in the classroom. The themes
suggested that at the beginning of their training, the pre-service teachers
revealed a reasonable understanding of why and how students make
mistakes and what knowledge and skills can be employed to minimize
these mistakes. Martin, Patrick, and Denise backed up their arguments
by describing the implications of defining how a teacher should teach in
Malawi. For them, the knowledge necessary to recognize student errors
and capacities helps teachers understand students’ thinking and make
effective decisions to improve their education. Daniel, Clara, and Mario,
in contrast, supported their claims with different reasoning. They
concluded that one of the crucial attributes of such knowledge is the
ability to guide students to discover the nature of their problems
themselves. These pre-service teachers also revealed an awareness of the
applications of the knowledge of students’ abilities in helping teachers
not only identify children’s inaccuracies or errors but also assist them to
understand why these problems occur and what can be done to overcome
them.

5.2 Article 2

Jacinto, E. L., & Jakobsen, A. (2019). Pedagogical content knowledge for
teaching mathematics: What matters for pre-service primary teachers in
Malawi? In M. Graven, H. Venkat, A. Essien, & P. Vale (Eds.),
Proceedings of the 43rd Conference of the International Group for the
Psychology of Mathematics Education: Research Reports (Vol. 2,
pp.424—431). Pretoria, South Africa: PME.

This article focuses on the understanding that three pre-service
teachers (Martin, Carlos, and Clara) had of the knowledge needed to
teach mathematics within the realm of pedagogical content knowledge.
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This was addressed through the following research question: how do pre-
service teachers perceive the pedagogical content knowledge for
teaching mathematics? This question is also linked to the first sub-
research questions of this thesis as it provides insights into what
understanding pre-service teachers have of the knowledge needed to
carry out the tasks of mathematics teaching at the beginning of their
teacher education. Article 2 explored themes of analysis covering the
domains of KCC, KST, and KCT, one side of the framework model of
mathematics knowledge for teaching provided by Ball et al. (2008; see
Figure 1).

As explained in the methodology chapter, these themes of the
overall work were initially developed from the list of items in the
questionnaire survey given at the beginning of the study. Later, the
themes were revised and adjusted to the forms of knowledge and skills
pre-service teachers revealed when reflecting on practical situations of
teaching. Thus, for this article, the themes of analysis were decision-
making in teachers’ KCT, relations between KCT and KCC, and
adaptations of the classroom activities from students’ contributions and
levels of understanding.

The first theme, decision-making in teachers’ KCT, was
examined through the knowledge needed to decide on the best examples
and representations to use for given instructional objectives. Findings
from Martin’s case revealed that, at the beginning of teacher education,
he recognized that decision making was an integral part of a primary
school teacher’s skill management for teaching, an idea that resembles
KCT in terms of the knowledge of strategies and representations for
teaching particular topics. For Martin, the knowledge of instructional
practice design combines the knowledge not only of the organization of
the lessons but also how to guide mathematical tasks in classrooms
gradually, according to students’ capacities for learning. Martin’s views,
however, revealed that the context in which such knowledge applies is a
unique characteristic of teachers’ pedagogical knowledge for teaching in
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crowded classrooms. For Martin, teaching mathematics under such
circumstances should not be based solely on manuals, guidelines, and
textbooks; the teacher’s pedagogical skills should be focused on the
general organization of the lessons and the conditions and possibilities
given to the students to be familiar with the content.

The second theme, relations between KCT and KCC, comprised
analyses of Carlo’s perception of the pedagogical content knowledge for
teaching mathematics. Such perception is framed by aspects of the
knowledge that integrated elements from both KCC and KCT domains.
Findings show that one crucial aspect of teaching mathematics
effectively is the condition of being resourceful. For Carlos, effective
teachers must possess appropriate knowledge of how to select, revise,
and use appropriate didactical materials to facilitate student learning of
mathematics. By developing the capacity to discern the advantages and
disadvantages of using locally available resources, teachers in Malawi
can create learning situations that are more accessible to the students,
Carlos assumed. Such knowledge not only helps Malawian primary
teachers to become more familiar with the tools needed for mathematical
lessons but also improves their understanding of how simple objects can
produce the need to learn mathematics in students.

The last theme explored the perceptions of Clara regarding
features of KCS and knowledge about creating classroom activities
based on students’ contributions and level of learning. The findings
revealed a significant aspect of teachers” KCS. Although students’ ideas
should be considered in the classroom, methods proposed by the teacher
are still dominant. For Clara, the knowledge of the students’ capacities
can help teachers better understand and react to students’ ideas while
teaching, but the use of multiple approaches might not be helpful for
those who are still learning the content. According to Ball et al. (2008),
anticipating what students are likely to think and what they may find
confusing is an essential skill for helping teachers balance and adapt their
work according to students’ contributions and level of learning. Moura
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(2010) reminds us that every idea exchanged is valuable for improving
the quality of a teacher’s work. By knowing and interacting with their
students, teachers can expand their conceptions and learn new ways to
act that would promote the development of learners’ reasoning abilities
(Moura, 2010).

This article concluded that pre-service teachers in Malawi
acknowledged characteristics of pedagogical content knowledge that are
pertinent for satisfying students’ contextual needs. Although
pedagogical content knowledge has assumed different forms of
conceptualization in the literature, this article showed that pre-service
teachers in Malawi can provide unique insights about the
conceptualization of pedagogical content knowledge in the teaching of
mathematics.

5.3 Article 3

Jacinto, E. J., Jakobsen, A., & Bjuland, R. (2020). Understanding of the
knowledge necessary to sequence tasks in mathematical instruction: The
case of Malawian pre-service teachers, International Journal of Science
and Mathematics Education. (Accepted for revision, resubmitted)

This article examined the understanding that two pre-service
teachers (Denise and Martin) had of the SCK when discussing
knowledge demands for sequencing instructional tasks in mathematics.
This was addressed through the research question: how do Malawian pre-
service teachers develop their understanding of the knowledge needed
for sequencing tasks for mathematical instruction? This question relates
to the second sub-research question of the overall work (To what extent
does the pre-service teachers’ understanding of the knowledge needed to
carry out tasks of teaching evolve through the discussion of practical
experiences in college?). The articles’ question focuses on the
knowledge needed to carry out one task of teaching (sequencing tasks
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for students during mathematics instruction) that is part of the SCK
domain (Ball et al., 2008).

In this article, sequencing tasks were described as problems or
activities that (pre-service) teachers developed and posed to students.
The cases of Denise and Martin were worthy of investigation because, at
the start of their teacher education, the questionnaire/interviews revealed
differences in their teaching experience prior to starting teacher
education. It also showed they had different subject preferences during
high school and college but similar views on the importance of the
knowledge of sequencing tasks for teaching mathematics. They also
followed distinct and complementary paths of development regarding
their understanding of specialized content knowledge.

Article 3 combined data from two moments in the study that
occurred during the theoretical course at the TTC and supervised practice
in local schools. In this second moment, two pre-service teachers (Denise
and Martin) revealed a common understanding of the knowledge related
to content development in practical situations. For them, something that
makes teaching mathematics unique is knowing how to introduce
mathematical concepts gradually, from simple to complex. Denise
pointed out that the teacher should aim to ensure students’ inclusion by
making the content more comprehensive and useful. Such a process
should be considered by the teacher so the students can follow the
progression of the content and make sense of it from different
perspectives. In contrast, Martin described the knowledge necessary to
sequence tasks in mathematics instruction based on the demands of the
school curriculum. In his view, the teachers should know how to
introduce concepts and examples from simple to complex, according to
textbook standards. It is also worth noting that both Denise and Martin
displayed practical understanding in the earliest stage of the study by
accomplishing task progression in mathematics as a way to achieve a
twofold teaching goal: (1) the promotion of students’ confidence and
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ability to solve mathematical problems and (2) alignment with the school
textbook’s standards.

The understandings Denise and Martin initially showed took
different forms after their teaching practice in local primary schools.
When teaching multiplication, Denise tended to value the order of
representations when fostering students’ mathematical learning.
Although she knew multiplication can be commutative—that is, numbers
may be multiplied together in any order—she believed it was crucial to
mainly teach students the positional meaning posed by the coefficients
rather than show them that numbers could be multiplied together in any
order. It is important for teachers to have such knowledge, but there is a
risk that it can confuse students and lead to instructional misdirection
with the textbook guidelines. Denise believed that by knowing and
teaching multiplication in a manner that students can follow gradually,
teachers can help students develop generalizations about the content.
This knowledge and belief provided a better picture of how Denise
understood the knowledge needed to sequence tasks in the teaching of
multiplication.

Martin’s case was analyzed in relation to the knowledge
necessary to sequence tasks for teaching fractions. When reflecting on a
situation that demands a type of knowledge that helps students to develop
fraction concepts through geometrical representation, Martin recognized
the limitations of using only the curriculum to prepare mathematical
lessons. The findings suggested a new understanding of what the work
of teaching entails in Martin’s case. At this stage, Martin acknowledged
that although knowledge of content and curriculum is important, a
teacher also needs to develop a sense of how students can interpret
connections between tasks and the ascendant progression of concepts
from simple to complex. Martin argued that the teacher plays a
significant role in organizing more accessible and connective tasks to
allow students to solve mathematical problems posed in the classroom.
An additional finding that revealed traces of Martin’s understanding of
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the knowledge necessary for sequencing tasks is that teachers need to
possess a high degree of coherence and amplitude to teach mathematical
contents progressively. When discussing ways of teaching fractions
using geometrical representation, Martin asserted that a particular
characteristic of an effective teacher is the autonomy to choose and
modify tasks that are both easier and harder for the students, using
knowledge they already possess. This crucial feature showed an evolving
form of understanding.

5.4 Article 4

Jacinto, E. J. (2020). An analysis of pre-service teachers’ understanding of
the knowledge entailed in the work of teaching: Insights from Malawi.
Journal of Mathematics Teacher Education. (Under review)

This article 4 was thought to answer the third sub-research
question: How do pre-service teachers develop their understanding of the
knowledge needed to carry out tasks of mathematics teaching throughout
teacher training? The article addressed this question with a particular
focus on the knowledge needed to organize instructional tasks
progressively to help students solve mathematics problems and to use
locally available resources to create multiple representations in
mathematics. The data combined responses from the questionnaire
surveys and individual interviews at the beginning of their teacher
education, lesson observations and post-lesson interviews during
teaching practice, and focus group discussion when the pre-service
teachers were back at the college after teaching practice.

Article 4 focused on the case of three pre-service teachers
(Denise, Martin, and Mario). Whereas Denise’s and Martin’s cases were
studied under the theme Knowledge of Instructional Task Progression to
Help Students Solve Mathematical Problems, Mario’s case was
examined under the theme Ability to Use Locally Available Resources
to Create Multiple Representations. These two themes were part of the
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domain of SCK and were developed following the same process used in
Articles 1, 2, and 3 (see Chapter 4, Methodology). Table 5 shows how
data from Article 4 covered the SCK domain and sample subjects of the
study.

Findings from the first theme—Knowledge of Instructional Task
Progression to Help Students Solve Mathematical Problems—suggested
that the pre-service teachers acknowledged the relevance of and need for
the knowledge required to organize instructional tasks according to
students’ needs and curricular demands. In the case of Denise, such
knowledge manifests as systematic expertise with the emphasis on
proceeding in small steps and checking students’ understanding, with the
goal of promoting their problem-solving skills and reasoning. As was the
case at the beginning of the study, Denise revealed a broader
understanding of the knowledge needed to carry out task progression, but
during the teaching practice, she expanded that the understanding by
considering knowledge not only of differences between simple and
complex content but also about the ways learners make sense of the
content logically and critically during the lessons. Such a course of
understanding seemed to have matured over time. During the focus
group discussion, Denise expanded her thoughts when describing that
the organization of tasks for students should be seen by the teacher not
only in parts but as a whole when solving mathematical exercises.

In Martin’s case, his understanding of task progression developed
over the course of the teacher education, but in a different direction. In
his first interview, as part of the first moment of the study, he presented
an inadequate understanding by arguing there was no need for teachers
to know much about how to introduce content, given that textbooks and
curriculum guidelines are already recommended to be followed.
However, Martin’s view evolved as he gained practical teaching
experience in local schools. By recognizing the limitations of the
teacher’s textbook in suggesting instructional tasks and examples for
students, Martin allotted more value to teachers’ autonomy and students’
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capacities for learning. Then, at the end of his teaching education, he
sustained such thoughts by justifying the idea that teachers must identify
and predict any problem students might have during mathematics lessons
in addition to helping them comprehend the similarities and differences
among examples within those lessons. Martin also opined that teachers
need to use their knowledge of content and students to decide how to
organize and present tasks in the classroom. In this regard, data show that
by the end of the teacher education, Martin’s understanding of the
knowledge needed to carry out instructional tasks became more closely
related to the concept of SCK provided in the literature.

Findings from the second theme of analysis—Ability to Use
Locally Available Resources to Create Multiple Representations—
suggested that pre-service teachers can develop a meaningful
understanding of the tasks and knowledge necessary to carry out these
tasks properly in the Malawian context. The case study in this theme
featured Mario, a pre-service teacher with teaching experience but no
interest in expanding his mathematical knowledge.

During the first moments of the study, Mario expressed an
intuitive interpretation of the knowledge needed for teaching using
mathematical representations. His argument was that teachers must think
of diverse ways of teaching a concept to provide multiple opportunities
for students to learn mathematics. The use of locally available resources
was described as crucial for teachers to introduce mathematical concepts
better and to propose mathematical problems to students. In Mario’s
initial understanding, creating opportunities for students to interpret
mathematical concepts through representations seemed to play a crucial
part in teaching knowledge. During teaching practice, Mario’s
understanding of the knowledge needed to represent mathematical ideas
expanded to include a new aspect: the connections between
mathematical representations. This is a special component of
mathematics teaching; concepts and procedures are enhanced in teaching
to help students consider not only concrete but also pictorial and abstract
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representations. In the last moment of the study, Mario demonstrated an
evolving understanding of the knowledge needed to carry out multiple
representations in the classroom. For Mario, teachers not only need to be
familiar with multiple representations but also need to be able to
structure representations, understand the connections between them, and
know how to help students gradually interpret and move between
representations.

Mario’s understanding of the knowledge of mathematical
representation also seems to be driven by the specific purposes of
promoting generalizations: one crucial aspect when teaching
mathematics through representations is to focus on the meaning of
mathematical concepts so students can understand and apply them in
different situations. According to Mario, such knowledge allows
teachers to build bridges from their personal representations to more
realistic and useful ones, contributing to a better understanding of the
teaching and learning of mathematics.

5.5 Summary of the Findings across Articles

The findings of the four articles presented in this chapter
comprised a set of themes that helped to situate the thesis’ object of study
(the understanding pre-service teachers developed of the knowledge
necessary to teach mathematics throughout teacher education).
Collectively, the articles revealed the evolving facets of pre-service
teachers’ understandings within a respective type of knowledge needed
for teaching mathematics. In summary, the articles provided insights that
refined the main research question over the span of the following themes
of analysis:

1. CCK for teaching and learning,

2. Relating knowledge of out-of-curriculum content to HCK,

3. The importance of SCK in interpreting students’ errors and
capacities,
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4. SCK: Stimulating mathematics learning through different
approaches,

5. Decision-making in teachers’ KCT,

6. Relations between KCT and KCC,

7. Adaptations of the classroom activities from students’
contributions and levels of understanding,

8. Knowledge of how to sequence instructional tasks to foster
students’ learning of mathematics,

9. Knowledge of instructional task progression to help students
solve mathematical problems,

10. Ability to use locally, available resources to create multiple
representations.

Although referring to particular domains of mathematical
knowledge for teaching, each of these themes contributed to answering
the research questions. Again, these 10 themes of analysis are a
refinement of types of knowledge initially designed for the study. Table
5 locates each theme according to the specific research question and the
main research questions. The ‘Th’ inserted in the cells represents one of
the 10 themes listed above.
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6 Discussion

This chapter aims to critically reflect on the key results presented
in the previous chapter in relation to the findings yielded by other studies
and to the theory on which this study is grounded. The chapter’s content
is cleaved into three sections, aligning the questions addressed in the four
articles (Chapter 5) with the three sub-research questions of this thesis
(Chapter 1). Findings from the data and analysis reported in the articles
are also discussed in relation to the overall research question (Chapter 1)
and a broader perspective linked to the literature, and previous research
in the field (Chapter 2).

The overarching goal of the research reported in this thesis was
to investigate how pre-service teachers develop their understanding of
the knowledge necessary to teach mathematics as they progress through
teacher education. The data analysis was conducted on the premise that
effective teaching and extensive subject matter knowledge require a
complete and genuine understanding of the knowledge and skills entailed
in the practical work of teaching (Ball, 2017). Although the findings
presented in Chapter 5 provided answers to the research questions,
further elaboration is needed to draw meaningful conclusions and
identify their implications for research and practice. Hence, in the
sections that follow, the findings are discussed in relation to each sub-
research question and the overall goal of this study.

6.1 Pre-Service Teachers’ Initial Understanding of the
Knowledge Needed to Carry out Tasks of Mathematics
Teaching

Effective teaching often involves using the knowledge and skills
required for the tasks of teaching (Ball & Forzani, 2009). As the ability
to teach effectively demands much more than subject matter expertise
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(Ball et al., 2008), pre-service teachers are required to develop
specialized knowledge that helps them not only engage students in the
learning process but also meet the demands and challenges of society
(Day, 2002; Darling-Hammond, 2006).

According to the Malawian IPTE curriculum, primary pre-
service teachers are expected to become autonomous agents and lifelong
learners (see Chapter 3). However, the steps taken to attain this ambitious
goal are not clearly delineated in this curriculum (Malawian Institute of
Education, 2017). In this context, pre-service teachers seemed to be
under considerable pressure to meet the requirements of the teacher
education program which might be a factor that influences the pre-
service teachers learning (Salagi, 2018). As the findings in this thesis
indicate, most pre-service teachers who took part in the present study
demonstrated partial understanding of the tasks involved in the work of
teaching at the beginning of teacher education; this aligned with
Barkatsas and Malone’s (2005) report on pre-service teachers’ beliefs
regarding the nature of mathematics knowledge. At the beginning of
teacher education, most pre-service teachers could identify the core tasks
of teaching that are characteristic of the Malawian context as noted by
Jakobsen et al. (2017), even though they had difficulties in providing
examples and making connections between students’ needs and
curricular demands. The current study showed that at the beginning of
teacher education, pre-service teachers’ understanding of teaching
knowledge was mostly rooted in school curricula and IPTE program
guidelines without further explanation of the origin of these sources.

One reason why the pre-service teachers demonstrated such
partial understanding of the knowledge teaching during the early stages
of teacher education might be linked to the fact that they possessed
different views of teaching and diverse motives for entering teacher
education programs (Bergmark, Lundstrom, Manderstedt, & Palo 2018;
Watt & Richardson, 2008). These factors might have substantial
implications for pre-service teachers’ way of understanding the work of

82



Discussion

teaching and the skills necessary to conduct it effectively (Zhang, Hawk,
Zhang, & Zhao, 2016). These views seem to apply to the Malawian
context, given that the results reported in Article 2 indicate that pre-
service teachers have diverse educational backgrounds and expectations
of the teaching profession. Nonetheless, the overall study indicates that
most pre-service teachers expressed a strong motivation for covering the
fundamental values stated in the Malawian school curriculum and
understood the knowledge and skills necessary to perform these tasks as
a primary source for teaching mathematics in primary school.

The initial understanding of teaching knowledge revealed by the
pre-service teachers was also spontaneous. The analysis aligns with
studies that suggest pre-service teachers appear to focus almost
exclusively on the knowledge of the content rather than the knowledge
of interpreting students’ errors and capacities (Cady & Rearden, 2007;
Marshman & Porter, 2013). Pre-service teachers tended to elicit events
from practices they have experienced or observed in elementary schools
to justify the necessary knowledge for primary school teachers in Malawi
to possess (Articles 1 and 2). However, there was no evidence that pre-
service teachers were aware of important structures of the mathematical
concepts (see Hill, Sleep, Lewis, & Ball, 2007) and the knowledge that
goes beyond school content (Jakobsen et al., 2012; Wasserman &
Stockton, 2013). Thus, it is not easy to assume how pre-service teachers
will employ teaching knowledge in practice from their initial
understanding at the beginning of teacher education (Waters-Adams,
2006).

The pre-service teachers who focused on aspects of specialized
content knowledge revealed a concern about classroom management.
For instance, in Article 1, the pre-service teachers, Mario and Denise,
acknowledged the relevance for teachers to create a learning
environment for all, using locally available resources. Still, there is a
need for awareness of not only what and when specific didactical
materials should be employed but also how these materials can help the

83



Discussion

teachers carry out the tasks of teaching effectively. This argument is
supported by O’ Neill and Stephenson (2012), and also related to the idea
that at the beginning of teacher education, pre-service teachers can
demonstrate an advancing form of understanding of the teachers’
responsibilities and the tasks that involved different approaches to help
students to learn properly (Ball, 2017; Ball & Forzani, 2009; Lauerman
& Karabenick, 2013; Mitchell et al., 2014).

6.2 Resignification of Pre-Service Teachers’ Understanding
of the Knowledge Needed to Carry Out Tasks of Mathematics
Teaching

As a result of the coursework in college and teaching practices in
local schools, pre-service teachers presented a more complex view in
their understanding of the knowledge needed to carry the tasks of
teaching mathematics effectively. During the teaching practice, the pre-
service teachers found they had to deal with many of the tasks of teaching
mathematics. After discussing some of these tasks, the pre-service
teachers presented a deeper understanding of the knowledge needed to
sequence tasks for mathematics instruction. They were able to provide
alternative examples and approaches to engage students and instructional
suggestions for helping students overcome errors in solving
mathematical problems. For some researchers, other than the fact that
previous experiences and ideas about teaching have a strong influence in
the way pre-service teachers understand teaching, a critical factor that
might contribute to its restructuring is instructional practice
(Charalambous & Litke, 2018; Osmanoglu, 2016; Ulusoy, 2020; Yang,
Kaiser, Konig, Blomeke, 2020).

The findings from the current study suggest that pre-service
teachers tend to pay attention to both specific and general aspects of
teaching rather than only focus on general tasks or events, as also found
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by Star and Strickland (2008). This result is consistent with those by
Chamoso, Caceresa and Azcérateb (2012) and Snyder (2010) who
observed that pre-service teachers could demonstrate an evolving
understanding of the tasks and knowledge entailed in the work of
teaching when discussing their actions, decisions, interactions with the
students, and responses to situations that emerged during the teaching
that took place during their teaching practice.

One of the teaching task characteristics of mathematics teachers
in Malawi is the ability to create their own didactical materials for
teaching (Kazima et al., 2016). Although such a task is not part of Ball
et al.’s (2008) conceptualization of mathematical tasks of teaching, using
teaching aids from local resources is one of the tasks that pre-service
teachers are required to learn to carry out when they are in college.
Grossen (1996) evaluates this demand by pondering the teachers’ real
function. The author further states, “to ask that teachers create all of their
own tools and curricula is like asking doctors to invent all of their own
drugs; like asking airplane pilots to build their own airplanes. When
would teachers have time to do this?” (p. 20). For the pre-service teachers
who participated in this study, it was determined that although the tasks
of creating their own teaching resources can be demanding, it was also
satisfying (Article 3). By creating their own materials, Freire (1996)
argues that pre-service teachers are able to know their own knowledge
and abilities (financially and mentally) to search, create and transform
the locally available resources into learning mediation tools for the
students’ learning. Therefore, a teacher needs to be flexible, creative, and
(s)he needs to have an explicit understanding of the nature of the taught
mathematical content and the students’ capacity to acquire such content
(Article 4).

Another insight revealed in Article 3 was that pre-service
teachers similarly recognized the need to organize instructional tasks to
help students learn mathematics but from different perspectives. In
Article 3, some pre-service teachers acknowledged that teachers should
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progressively introduce mathematical concepts from the simple to the
more complex, as this accomplished a twofold teaching goal: (1)
development of students’ self-confidence in their ability to solve
mathematical problems, and (2) alignment with the school textbook’s
standards. These findings are in alignment with extant research on
teacher education that highlights the significance of teaching experience
to shape pre-service teachers’ conceptions of crucial aspects of the work
of teaching (Hiebert, Morris, Berk, & Jansen, 2007; Hill et al., 2008;
Jones & Vesilind, 1996).

According to Ryan, Carrington, Selva, and Healy (2009),
teaching experiences in real schools are necessary for expanding pre-
service teachers’ views of the complexity and dynamics of teachers’
work. During teacher education, pre-service teachers must be given
opportunities to connecting theory and practice since this prompts them
to reconsider their initial conceptions of the work of teaching
mathematics and to make strategic decisions based on critical reflection
(Sheridan, 2016). Pre-service teachers’ understanding of teaching
knowledge is influenced by their preconceptions or knowledge involved
in the task of teaching and the quality of the personal experiences and
theoretical guidance they receive during teacher education (Darling-
Hammond & Youngs, 2002). This was particularly evident for pre-
service teachers during teaching practice (Articles 3 and 4), whose
understanding of the knowledge entailed in the work of teaching were
initially aligned with the recommendations given in the teachers’ guide
and the students’ learning needs.

However, pre-service teachers’ understanding of teaching
knowledge gradually evolved, primarily due to their ability to develop
basic generalizations and connections between the mathematical content
properties. This understanding seems to play a crucial role in the pre-
service teachers’ learning since it provides them with opportunities to
make connections and build self-confidence in their ability to provide
effective instruction (Darling-Hammond & Bransford, 2005; Le Cornu
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& Ewing, 2008; Starkey, 2010). Consequently, the findings reported in
this work shows how pre-service teachers evolve their understanding of
the knowledge demands and the tasks of teaching when reflecting on
their practical teaching experiences.

6.3 Development of the Pre-Service Teachers’ Understanding
of the Knowledge Necessary to Carry Out Tasks of
mathematics Teaching

Results from Articles 1 and 2 align with the findings reported by
Barkatsas and Malone (2005). These authors found that pre-service
teachers begin teacher education with the beliefs and conceptions about
teaching that are largely based on their own school experiences. At this
stage of teacher education, pre-service teachers tend to demonstrate
awareness of the common problems and tasks that teachers face in
classrooms (Ball, 1990; Pajares, 1992) and the role teachers play in the
students’ learning (Enyedy, Goldberg, & Welsh, 2005). However, as
evident from the findings presented in Articles 3 and 4, the pre-service
teachers’ views of what teaching entails might also continue to be
influenced by standardized national curriculum and school textbooks.

Although research shows that pre-service teachers might present
critical and open ideas about the work of teaching at the beginning of
teacher education (Fajet, Bello, Leftwich, Mesler, & Shaver, 2005; Jao,
2017), only when discussing broader aspects of the work of teaching, the
pre-service teachers were capable of justifying and making sense of the
knowledge necessary to carry out the tasks of teaching mathematics
(Article 1). In this regard, Letwinsky and Cavender (2018) and Quick
and Sieborger (2005) clarify that when entering teacher education, pre-
service teachers often base their views on teachers’ guidelines and
approaches on former successful practices, which might lead to a
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fragmented view and understanding of crucial aspects necessary for
conducting teaching effectively.

In Malawi, research has indicated that primary pre-service
teachers struggle to develop proper mathematical knowledge for
teaching during teacher education (Jakobsen et al., 2018; Kasoka et al.,
2017). This study shows that although pre-service teachers might hold
partial and intuitive ideas of the work of teaching on entering teacher
education, they can create different interpretations of the tasks of
teaching and present evolving forms of understanding of the knowledge
needed to carry out these tasks as they progress through teacher
education. According to Gardner and Williamson (2007), this is a crucial
component that might explain why pre-service teachers often struggle to
reach an adequate level of knowledge and skills regarding the work of
teaching constituents. During teacher education, the pre-service teachers
are still searching for meanings and ways to make sense of what is
involved in the work of mathematics teaching (Articles 1, 2, and 4),
which might indicate the degree to which they value certain knowledge
to carry out teaching tasks (Pillen, Beijaard, & Brok, 2012).

Although in the current study pre-service teachers’ understanding
of teaching knowledge is directed towards conventional teaching
approaches, findings in the Articles 3 and 4 corroborate findings reported
in Sheridan’s (2016) work that shows that the different forms of
understanding and views pre-service teachers hold during their teacher
education can evolve with incorporation of new features as they
gradually mature and experience new ideas or situations. For example,
as demonstrated in Articles 3 and 4, teaching practice considerably
enabled the pre-service teachers to reconsider their prior knowledge and
understanding of teaching and the knowledge needed for teaching
mathematics, reinforcing Smith and Lev-Ari’s (2005) insights into the
role of a practicum in pre-service teacher education. Thus, it is assumed
that pre-service teachers’ views and understandings of teaching
knowledge evolve throughout teacher education as they began to
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comprehend the dynamics and complexities of the tasks involved in the
work of teaching (Ball & Forzani, 2019).

A foremost component of teaching knowledge explored in this
thesis was the tasks and knowledge related to the SCK domain. Although
the IPTE program curriculum does not provide explicit details of the
tasks of teaching within this domain (Malawian Institute of Education,
2017), the current study shows that the pre-service teachers tended to
think of the knowledge for carrying out tasks of teaching not as a mere
list of competencies or techniques for teaching (as indicated in Article
1), but rather as generic skills that help teachers present the content in a
way that makes it more accessible and useful to the students (Article 1).

SCK is a domain that clearly connects with the knowledge
teachers need to do the work of teaching mathematics in the classroom,
and an understanding of the tasks of teaching that pertain to such a
domain is highly relevant for pre-service teachers to make sense of
teaching and different approaches to make the content more
comprehensible for students (Ball et al., 2008). However, as the concept
of SCK is relatively new to the field, more research is needed to steer
how pre-service teachers can better acquire and understand the nature of
the knowledge so they can respond to the everyday tasks of teaching,
especially the tasks of teaching in challenging contexts.

It is also noteworthy that the pre-service teachers who took part
in this study demonstrated the ability to adapt and use locally available
resources to foster students’ learning of mathematics. For instance, as
indicated in Article 4, Mario, one of the participating pre-service
teachers, realized from the practicum that the knowledge needed to teach
mathematics also involved using different representations. The literature
also contains studies showing that throughout teacher education pre-
service teachers can become more aware of the tasks of teaching and the
knowledge necessary to carry out these tasks if they are given the chance
to explore and reflect on the teaching situations (e.g., Lauerman &
Karabenick, 2013; Mitchell et al., 2014) By the end of teacher education,
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Mario’s understanding of teaching knowledge involved a different facet
from being familiar with multiple representations to being able to
structure representations to understand the connections between them,
and know how to help students gradually interpret and move between
representations (Article 4). According to Pape and Tchoshanov (2001)
and Tripathi (2008), these dimensions refer to the production of meaning
regarding mathematical representations, an ability that Ball et al. (2008)
have suggested is unique to the work of mathematics teacher.

Thus, based on the findings yielded by the present work, it can be
argued that the development of SCK is critically important in teacher
education since it can help pre-service teachers recognize and employ
central aspects of effective teaching in practice. Various studies have
also found that developing a deep understanding of SCK components is
an important foundation for becoming a qualified teacher and capable of
assisting students to learn mathematics (Chinnappan & White, 2015;
Ding, 2013; Ndlovu et al., 2017). Moreover, by analyzing Mario’s case
from the perspective of the SCK domain—the knowledge of multiple
representations to teach mathematics, in particular—it can be argued that
pre-service teachers can acquire and deepen an understanding of the
multifaceted nature of SCK and its role in the contexts of challenging
teaching. Such a view is also shared by Provost (2013). This thesis
complements these thoughts by supporting the view that the pre-service
teachers’ understanding of knowledge necessary for teaching is likely to
evolve in different ways as they progress during teacher education. This
peculiarity tends to help them get a sense of the theoretical landscape of
effective teaching and the knowledge and skills that will better prepare
them to teach mathematics (Ball, 2017; Ball & Forzani, 2009).

90



Conclusion

7 Conclusion and Implications

This chapter presents the thesis conclusion, a crucial component of
the overall work. In this chapter, 1 sum up the most important insights,
stress the limitations, and highlight the implications for further study.

As argued in Chapter 2, pre-service teachers have conceptions and
beliefs about several different aspects of education. These conceptions
and beliefs can have a significant influence not only in their learning
process during teacher education but also in their future profession as
teachers (Patrick & Pintrich, 2001). In this thesis, | focused on the
understanding primary pre-service teachers develop of the knowledge
necessary to carry out the tasks of teaching mathematics as a way to
access their concepts and beliefs about the work of teaching
mathematics. Furthermore, it is argued that any understanding of what
the work of teaching (from the perspective of pre-service teachers)
entails will be severely limited unless it incorporates an understanding
of how pre-service teachers make sense of what teachers must know and
do in the classroom (Brown & Mcintyre, 1993). These constructs are
central to educational research and are not usually core-content areas in
teacher education programs, especially in countries where the
educational system is under development.

A first step in developing this study was to formulate the research
question and the possibilities to contribute to the field of teacher
education. In Chapter 1, I explained that this process was initially based
on on-site visits to primary schools and teacher education colleges in
Malawi and reviews of literature and research conducted on the topic of
teacher education and teacher knowledge. Moreover, by assuming that
education is a crucial element to the successful implementation of the
2030 agenda for sustainable development by UNESCO (2019), | argued
that efforts targeting the improvement of teacher education should
consider forms of not only improving access to education but also the
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quality and conditions for pre-service teachers to develop proficiency in
teaching.

In Malawi, the redesign of the IPTE two-year program (Chapter 3)
led to a set of principles that emphasize the need for pre-service teachers
to develop an in-depth understanding of mathematical knowledge for
teaching in primary schools (Malawian Institute of Education, 2017). Its
syllabus encompasses standards that require pre-service teachers to
acquire subject matter knowledge and develop pedagogical ways to
promote students’ lifelong learning (Malawian Institute of Education,
2017). Although such a proposal seemed to be promising, the views that
sustain the document were based on what the pre-service teachers should
learn rather than what they already know or are capable of doing,
especially at the beginning of their teacher education. Findings from
Jakobsen et al.’s (2018) indicate possible gaps in this curriculum
proposal as pre-service teachers still showed low level of improvements
in their mathematical knowledge for teaching at the end of the program.
Thus, there is a clear need for more awareness on what pre-service
teachers know and have learned in their teacher education rather than
what should be taught to them.

In this thesis, my goal was to provide a comprehensive picture of
the pre-service teachers’ understandings of the tasks and knowledge
necessary for teaching mathematics and how they develop such
understandings throughout their teacher education. In this thesis, |
argued that it is important to consider the needs and specificities of pre-
service teachers regarding the knowledge entailed in the work of
teaching. This thesis, therefore, marks a major step in the field by
providing new data and insights on this a topic.

7.1 Responding to the Research Question

The overall research question of this study was: How do pre-
service teachers develop their understanding of the knowledge necessary
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to teach mathematics throughout teacher education? This question was
divided into three specific research questions that intended to cover the
general question (Chapter 1).

In response to the first sub-research question, What understanding
do pre-service teachers have of the knowledge needed to carry out the
tasks of mathematics teaching at the beginning of their teacher
education?, | intended to get a better sense of the types of knowledge
that pre-service teachers in Malawi understand to be crucial to carry out
the tasks of teaching mathematics. | found that entering primary pre-
service teachers in Malawi acknowledged the relevance of most types of
knowledge widely accepted by the literature (Ball et al., 2008). Despite
some variabilities, they tended to justify and make sense of teaching
knowledge as being more closely related to practical experiences and the
instructional guidelines from the IPTE program and school curricula.

Additionally, at the beginning of the teacher education program,
Malawian pre-service teachers tended to view mathematics teaching as
being dependent on the knowledge of content and the ability to use
locally available resources in mathematics instruction. When the pre-
service teachers were asked about the knowledge that is not part of the
instructional curriculum, few understood it as relevant to teaching
mathematics. For them, this broader type of knowledge is crucial to
facilitating the work of teaching in meeting the curriculum demands and
helping students to get a general idea of the origins of mathematical
content, but it was not as important for helping students to solve practical
mathematical problems in Malawi.

Nonetheless, issues like overcrowded classrooms and lack of
didactical resources can diminish the significance of teachers’ SCK in
carrying out tasks of teaching mathematics, as indicated by the pre-
service teachers at the beginning of teacher education. They were
broadly consistent in explaining the specificities and connections
between the tasks of teaching mathematics and the knowledge that are
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unique to the work of teaching, as described by Ball et al. (2008). Thus,
as suggested in the present study, entering pre-service teachers in Malawi
hold a partial and intuitive understanding of the knowledge needed to
carry out the tasks of teaching mathematics in primary schools. This
initial understanding was crucial to comprehend the pre-service teachers’
learning process throughout teacher education.

In addressing the second sub-research question, To what extent
does the pre-service teachers’ understanding of the knowledge needed to
carry out tasks of teaching evolve through the discussion of practical
experiences in college?, | aimed to examine the pre-service teachers’
understanding of the tasks of teaching and knowledge demands that
manifested in their own mathematics lessons during teaching practice in
local schools. | found that, at the stage of teaching practice, the pre-
service teachers could better describe the tasks of teaching that were
necessary to fulfill the work of teaching mathematics. | also noticed that
after teaching practice, pre-service teachers followed unique paths of
evolution regarding their understanding of the knowledge needed to
carry out these tasks effectively. At this stage, most of them became more
aware of the limits in only considering the instructional guidelines
proposed by the IPTE curriculum and school textbooks. The pre-service
teachers recognized the need to develop broad knowledge and skills to
create more consistent activities to meet students’ needs and specificities
of learning. As a result, pre-service teachers appeared to expand their
intuitive understanding from the beginning of the program to a more
complex one during teaching practice, even though they still endorse the
institutional curricular guidelines.

In the third sub-research question, How do pre-service teachers
develop their understanding of the knowledge needed to carry out tasks
of teaching throughout teacher training?, | sought to analyze the
dialogue, arguments, and reflection that pre-service teachers made
during a focus-group discussion at the end of teacher education. To
complement such an analytical process, | combined data from the two
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aforementioned moments of the research. Thus, by taking a development
perspective of the understanding that pre-service teachers revealed of
teaching knowledge over the course of three research moments, | found
that throughout teacher education, pre-service teachers developed a more
nuanced understanding of the knowledge needed to carry out tasks of
teaching mathematics in primary schools. They could clearly articulate
their thoughts and ideas with principles suggested by the theories
emphasized in the IPTE curriculum (Malawian Institute of Education,
2017).

By the end of teacher education, in particular, the pre-service
teachers tended to reframe their initial understanding of teaching
knowledge to a more useful form of application. For instance, in Article
4, Mario’s reflections on tasks of teaching that are unique to the work of
primary school teachers in Malawi showed he was aware of possible
connections between different types of knowledge to carry out this task;
he made several references to the knowledge of how to use locally
available resources to create multiple representations to teach
mathematics. Also, as he explained the difference of this knowledge with
his initial understanding presented at the beginning of the program, it
was clear that he had critical thought on the limits and potentialities of
SCK to teach mathematics, showing that his intuitive understanding of
teaching knowledge had prolonged to be more sophisticated.

The conclusions above demonstrate that entering Malawian pre-
service teachers tend to develop their understanding of the knowledge
necessary to teach mathematics as they progress through teacher
education. Such a development process, however, is complex and closely
dependent on the activities and experiences they have during teacher
education. As pre-service teachers gain more experience throughout
studies about theories in the coursework, teaching classes in local
schools, and reflection activities about their learning afterwards, it can
be assumed they can revise and improve their intuitive ideas and
thoughts in the light of their future role as teachers as well as of the
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theoretical constructions taught by the teacher education program.
Therefore, the understanding pre-service teachers develop of the
knowledge needed to carry out the tasks of teaching mathematics during
teacher education might constrain the opportunities for conceptual
development of essential theoretical constructs that are unique to the
work of teaching if they are given the opportunity to think, experience
and reflect. However, it was unclear if such awareness could indicate
whether pre-service teachers’ understanding of teaching knowledge can
continue to improve after teacher education.

7.2 Limitations of the Study

Examining the understanding that pre-service teachers develop of
the knowledge necessary to teach mathematics throughout teacher
education imposes challenges for any study, particularly for a qualitative
study.

One weakness of this study was the lack of a theoretical foundation
based on previous research on the topic. Although the current study can
be situated in the context of research about teachers’ epistemic belief of
teaching knowledge, there was very little, or no similar research that
focused on the understanding pre-service teachers develop of the
knowledge necessary to carry out tasks of teaching mathematics during
teacher education (Chapter 2). Similar research on this topic had
explored the teachers’ mathematical knowledge for teaching as a
theoretical construct, teachers’ ability to articulate theoretical constructs
of mathematical knowledge for teaching and practice, and teachers’
knowledge of the tasks of teaching and skills demands to carry out these
tasks in mathematics (see Chapter 2). Thus, the scope of works that have
been done in consonance with the current study is limited and provides
only limited support to understand the research problem investigated.

The case study sample size also limited further conclusions of this
study. Many of the twenty-three pre-service teachers who participated in
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the IM of the study provided relevant data. As the analyses focused only
on six cases of pre-service teachers, a significant set of data could not be
considered for this thesis. A larger sample—perhaps collected in
different teacher education colleges—may have provided different
insights into the focus of this study.

A third limitation of this study relates to conditions given to
conduct the teaching observations in local schools. As explained in
Chapter 4, after taking coursework during the two first terms at the
college, pre-service teachers in Malawi went to local schools for
practical teaching experience. Some schools were located in remote
regions across the country, mostly in rural areas, making it difficult for
the researcher to access those locations. Even with the help of some
colleagues and teacher educators from the teacher college and the
University of Malawi, it was difficult to trace the schools and have
appropriate time to conduct the interviews with the pre-service teachers.

After accomplishing all the three moments of the study, I observed
that it could have been done differently. If I had more time in my Ph.D.
program, it probably would have been easier to have all the data from
three moments at once, and transcribe and analyze the data later rather
having to collect data from each moment, and transcribe and analyze
before the subsequent moments. The analysis would have probably been
more consistent and coherent with the focus of the study. Also, the study
could have included new forms of analysis by analyzing pre-service
teachers’ cases from other teacher education programs. This could have
been an encouraging way to find out whether the pre-service teachers’
views and understanding of teaching knowledge correspond, an aspect
that the current study did not cover.

7.3 Implications for Practice

One practical contribution of this study relates to teacher
educators’ teaching activities. Overall, the results showed that pre-
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service teachers revealed different forms of understanding of the
knowledge necessary for teaching mathematics throughout teacher
education, a condition that suggests that pre-service teachers need
distinct types of support and guidance to convene their learning needs
during teacher education.

This study helps teacher educators to develop a better sense of how
pre-service teachers understand the tasks and knowledge demand for
teaching mathematics. Teacher educators could use the results of this
work to improve their teaching to determine the most appropriate tasks
and activities that could stimulate pre-service teachers to expand their
views and knowledge about mathematical knowledge for teaching.

Teacher educators could implement the cases explored in this study
as a teaching strategy to engage their students with reflections on how
the participants of this study carried out the tasks of teaching during
practical situations. Using case studies to prepare pre-service teachers for
teaching will likely be an effective way for teacher educators to improve
their teaching as the instances used are research-based cases. Pre-service
teachers will have more opportunities to discuss and reflect on the lived
experience and views that others had in their teacher education or
professional development. The idea is not to make pre-service teachers
think or employ the same strategy from other cases, but instead, help
them become more familiar with the challenges of the work of teaching
so they can use their academic skills to carry out tasks of teaching in
practical contexts.

This thesis also has implications for future curricular reforms of
teacher education guidelines in Malawi. As shown in Article 1, pre-
service teachers acknowledge the relevance of mathematical knowledge
beyond the primary school curriculum. However, the syllabus for teacher
education in mathematics in Malawi (Malawian Institute of Education,
2017) does not yet propose further discussion or activities for pre-service
teachers to develop such knowledge. Another type of knowledge that is
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not considered in detail in this document is the specialized content
knowledge, a unique and crucial component for the education of teachers
in mathematics (Ball et al., 2008). As reported in Articles 3 and 4,
although aligned with Ball et al.’s (2008) definition of specialized
content knowledge, pre-service teachers still seem to make more
complex interpretations of this knowledge when reflecting practical
situations. Future curricular reforms could consider implementing
learning activities that encourage pre-service teachers to develop a better
understanding of this knowledge so they can be better prepared to carry
out mathematics teaching tasks. The curriculum could also include or
describe how its principles and philosophy relate to UNESCQO’s (2015b)
Sustainable Development Goals.

7.4 Methodological Implications

The overall study methodology was drawing upon the use of
multiple data collection instruments in different phases of the fieldwork.
In educational research, it is common to find case studies that explore a
case using similar instruments and procedures repeatedly over time to
maintain the reliability of the results, but as Parlett and Dearden (1977)
reminded, a case study should also be flexible in terms of design as “the
course of the study cannot be charted in advance” (p. 15). While this
approach increases the complexity and amount of data that are evaluated,
the use of several tools and procedures increases the reliability and
validity of the study by avoiding problems and researchers’ bias and
levels of analysis, supports Stake (2005). Thus, the methodology of the
present study serves as a model for longitudinal case studies that aim to
collect data from many sources and shed light on the research question
from many angles. This is particularly relevant for qualitative research
where one phase of the study contributes to the elaboration and
implementation of the next phases of the study, providing steady
insights.
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Beyond replicability for future research, a final methodological
contribution of this thesis is the transparency of the methods used
throughout the study. Transparency refers to the explicit information of
the objectives, methods, and results of a study that has been
implemented, and to how the study was interpreted and presented by the
researcher(s) (Creswell, 2005). Sufficient transparency in qualitative
research is of particular importance for clarifying the research settings,
sampling procedures, and unexpected situations or challenges faced by
the researcher (Aguinis & Solarino, 2019). The current study sought to
provide explicit details and transparency around elaboration,
development, and outcomes, so the presentation and final publications of
this thesis can be used as an example for future research on the topic.

7.5 Theoretical Implications

A theoretical contribution of this thesis relates to the study of the
tasks and knowledge needed for teaching. Researchers have drawn larger
and smaller knowledge essential for teaching mathematics based on tasks
identified during practical teaching of mathematics (e. g., Mitchel et al.,
2014; Ball, 2017). This thesis examined the understanding pre-service
teachers develop of the tasks of teaching and knowledge needed to teach
mathematics in the context of Malawi. The empirical work shows that
such a context reveals additional forms of tasks and knowledge demands
for teaching mathematics (e.g., knowledge of how to select and convert
locally available resources into learning materials in mathematics). The
study of distinctive forms of the tasks and knowledge needed to carry out
these tasks increases not only the understanding of the teaching
experience and practice across different contexts but also contributes to
the refinement or development of a framework for analyzing and
understanding teaching, much needed in teacher education (Grossman &
McDonald, 2008). Nonetheless, researchers can benefit from a greater
understanding of how this knowledge might differ as context changes are
necessary (Kazima et al., 2016).
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Another theoretical contribution of this thesis can be related to the
conceptual framework used in this study. In recent years, a few
investigations have emerged in the field of teacher education concerning
beliefs of teaching knowledge. Among the most promising works are
those of Buehl and Fives (2009) and Mosvold and Fauskanger (2013),
who provided theoretical tools to assess teachers’ epistemic beliefs of
teaching knowledge in mathematics. Although these are significant
works for examining pre- and in-service teachers’ beliefs of teaching
knowledge, the lack of a clear definition of epistemic belief remains a
concern in the field since scholars might denote it as knowledge about
the nature of knowledge and knowing (Hofer & Pintrich, 1997) or as a
lens through which a person interprets a phenomenon or situation
(Rebmann et al., 2015).

In this thesis, while increasing engagement to conduct the
empirical and analytical work was based on the researcher’s personal
experiences and educational principles (see Chapter 1), the outcome of
this thesis might also contribute to the better clarification of the realm in
which teachers’ understanding of the tasks and knowledge necessary to
teach mathematics can best be investigated in educational research. A
combination of Smith and Siegel’s (2004) criteria for understanding and
Ball et al.’s (2008) domains of mathematical knowledge for teaching can
be a more efficient way to structure and guide empirical and analytical
studies about teachers’ understanding of the knowledge necessary to
teach mathematics. Although, the current study might shed light on the
understanding of what epistemic belief is—defined by Philipp (1997) as
“psychologically held understandings, premises, or propositions about
the world that are thought to be true”, it is an example that the
development of a cognitive aspect of pre-service teachers’ understanding
can be studied and used to improve researchers’ understanding of the
nature and mathematical knowledge for teaching from the perspective of
who are preparing to become teachers in mathematics.
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7.6 Further research

The current research shows that pre-service teachers can develop
their understanding of teaching knowledge as they progress in teacher
education. The study sought to obtain a better picture of the types of tasks
and knowledge demands that pre-service teachers though to be most
crucial for teaching mathematics. The study also took a development
perspective of this understanding in different moments of the teacher
education program and concluded that pre-service teachers develop their
understanding in different paths closely related to the curricular
principles taught during teacher education. This conclusion, however,
raises other questions, such as: Why did the pre-service teachers have
different paths of development for their understanding of teaching
knowledge? Would their understanding be the same if they had to teach
the same mathematical topic? What other engaging teaching methods
could create opportunities for pre-service teachers to develop their
understanding of teaching knowledge? What kind of results will come
out if pre-service teachers examine tasks of teaching mathematical
lessons from teachers in different countries?

In relation to the last question, future research could consider what
is happening across the globe by offering examples and insights of how
pre-service teachers have developed their views and understanding of
teaching knowledge during teacher education. These insights could be
used to develop research beyond case studies such as cross-sectional
research or action research. Findings from these other types of research
would be important to the field, as it could increase our understanding of
what we already know about teacher education and teacher knowledge.
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7.7 Personal Growth

7.7.1 As a Researcher

| started the journey of this research enthused about how pre-
service teachers understand the knowledge necessary to teach
mathematics, hoping that what would be learned could lead to a better
understanding of how they develop mathematical knowledge for
teaching and use it to create teaching activities that could help students
to develop their best qualities as a human beings. However, throughout
this research, | also developed some personal attributes and discovered
several new ideas about teacher education.

| was always fascinated by the work of teaching. | was mostly
intrigued by some teaching activities that could awaken students’
curiosity and attention and make them work together to solve a problem.
I always asked myself: Is that an activity that I could use to make my
students better thinkers? If not, what could | do to make it more useful
and meaningful? Most of the time, these questions led me to think about
the quality of knowledge and skills necessary to create these activities.

During my Ph.D. research, | read and studied an abundance of
educational literature about the knowledge teachers need to create
effective teaching activities in the mathematical classroom. Above all the
theories of teaching knowledge, I found Ball et al.’s (2008) ideas to be
the most remarkable as they tried to map the tasks and knowledge that
teachers must execute to teach mathematics effectively. Such an attempt
did not only call the scientific community’s attention but also opened a
greater avenue for researchers to explore, refine, and adapt these
components in different contexts of teaching. Their theory inspired me
to explore the complexity of the work of teaching and persevere on the
journey to improve the quality of education. | recognized my
professional growth as a researcher, along with the theoretical principles
of the mathematical knowledge for teaching realms.
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Furthermore, designing the research was an exciting task for me.
The whole process has been an entirely new experience, as | was
challenged by employing a possible methodology that would be
consistent enough for interpreting the understanding of pre-service
teachers who developed the knowledge necessary to teach mathematics
during teacher education. | learned that having a well-structured
methodological plan is not a guarantee that the researcher will be able to
collect a good set of data. It is also necessary that the research take some
risks (emotionally and physically) by interacting with the community,
live and experience their agonies, and develop a spirit of improvisation
and optimism.

7.7.2 As a Teacher Educator

As a teacher educator, it has been an illuminating opportunity to
see how pre-service teachers learn, experience, and reflect on key aspects
of their future profession. When | observed the pre-service teachers
teaching their lessons to the children, I was reminded the importance of
a teacher to a student and how much a children can be grateful when just
a little attention is given to them. I always thought that planning a logical,
well-organized, and high-tech activity could make students more
engaged in learning mathematics. Still, after this research, | see that
having a well-equipped classroom or an answer to every single question
you make is not actually the primary purpose of education. The main
goal is to create opportunities for students to develop their curiosity and
critical thinking so they can learn how to learn and become lifelong
learners. This was something that would not be possible without
conducting this research with the pre-service teachers in Malawi. | was
amazed at how pre-service teachers acquired and constructed the idea of
effective teaching and kept working to achieve it regardless of the
obstacles they faced in school. It was really a lesson as a teacher educator
who seeks to encourage teachers worldwide to explore new forms of
teaching mathematics that help students become better persons.
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Appendix 1 — Questionnaire Survey

This questionnaire is an integral part of a research proposal that
investigates the pre-service teacher” sense-making process about
mathematical knowledge for teaching (MKT)3. It is designed to assess,
upon the beginning of the teacher-training program, the perceptions of
pre-service teachers about MKT in primary schools in Malawi. The
questions below do not have a right or wrong answer; they seek to collect
personal information and opinions. The questionnaire is confidential,
and its answer will be used exclusively for research purposes. The
questionnaire is divided into two parts: Identification and Mathematical
knowledge for teaching.

Identification

a) Name:

b) Age: O Less than 17 years old; 4 From 18 to 20 years old; 1 From
21 to 23 years old; U From 24 to 27 years old; 1 From 28 to 30 years
old; 1 More than 31 years old.

C) What |anguage(s) do you Speak? (Native language, dialectics, second language...)

d) What was (were) your favorite subject(s) in school?

3 Research project grounded by the University of Stavanger, supervised by Prof. Arne Jakobsen,
Prof. Raymond Bjuland, Prof. Tone Bulien, and Prof. Mercy Kazima (University of Malawi).
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O Geography 4 Biology 4 Arts A Mathematics
A Other:

Why?

e) Do you have any teaching experience prior to entering the teaching
training college? If yes, could you describe this experience?

f) What are your main subjects in the teacher-teaching program? (arts,
Biology, Geography, Mathematics...).

g) Have you taken any course in mathematics or mathematics teaching
prior to entering the teaching-training program? If yes, please describe
it.

Relevance of the Mathematical knowledge for Teaching

In your opinion, to what extent are the knowledge and skills below
important for the work of teaching mathematics in primary school?

134



GET

515066NS »0001Xa] ay) Se Aem
awes ay) Ajjoexa ul s1daouod [eanewsaylew aonposul 01 Aujgy (1

swiajqo.d [eanrewayrew aAjos 0} pardope aq uea 1ey) (SY00qIXal ayl
Ul pauleuod 1ou Ajeiauab) spoyiaw Juatalip ayl Jo abpapmoud (Y

swajqo.d eanewayrew
9AJ0S 01 S$Y0001%31 3yl Aq pasodoud spoyrew ayy Buipuelsiepun (6

Jnaoo
SI0LI9 SJUIPNIS AY) MOY| pue 219y ute[dxa pue AJnuopt 03 AIqy  (J

$10.48 JuapnIs Aynuspl 0} Aujgy (9

SY0001X3) 8y} Ul sajdwexa
puE SUONIUILBP [eaNEWBYIewW 3y Jo Aorinode ay) AjlisA o1 Aljigy  (p

A1991109 SUOILIOU pUR SWUS) [eanewsayrew Buisn (9

winnaLLINg jooyds ayl (Aq paqliosaid
asoyl puoAaq) apisino s1daduod [ealewsylew Jo abpsmoud (g

wnNaLUND
[00YDS 8Y) Ul paulejuod s1daouod [eanewsyrew Jo abpajmouy (B

jueniodwi | quepsodwi | quepiodwi | jueraodwi | queriodwi

Apwanx3 Kap | Aresspoy | Apubiis | I [e 10N SoleWaYIe|A Yyoea) 0] AIessaoau s||iXs pue abpajmousy

saolpuaddy




9€T

AloA19a)4e uossa| e ubisap 01 moy buimouy| (A

Buibua|eyd 1o Bunsaaul puly [IMm Asyl 1eym pue sysel a119ads
UsAIb uaym op 01 A1l ate swuspnis yeym 1aIpaid 01 Aujigy (n

A13021109 seapr  syuapnys Sunardioyuy (1

suordaduoosIi UOWWOd pue SI0LR syuapms Sunedonuy (s

WO00JSSR]I 3yl 9pISINO SaNIANDe aziuebio 01 Aljiqy (4

suomneNnIs ajlj-[eal 01 saido] [eaewaylew uilj 01 moy buimous} (b

(shoalgns 1ayi0
YUM paleldosse si 21doy [eanewsayrew e moy uejdxs 01 Ay (d

21do} [eairewsaylew Jayjoue 0}
palejal SI 91do) [eanewsayrew Jejnanued e moy urejdxa 01 Aujigqy (o

ssa204d Bulures| ayp ui suspnis abebus 01 Ajigy  (u

SolewWay ewW pasueApe Jo abpajmous| (w

seapl |ed1jewayrew
BulAiepun 1oy sojdwexa [enixaluod aAI6 01 moy Buimouy (]

Sluswiale)s [eanewsayrew anold 01 Agy (o

(so0q1%a1 ay1 Ul paureuod Jou Ajjensn) sAem Jualajlip ul sainpadoid
pue s1deJuod  Jednewsylew adnpoaul 01 moy Bumouy (I

saolpuaddy




LET

soljewaylew
Buiudes| ul 3N2ILIP pue Asea pul) Sluspnis Jeym Buimous] (1)

soljewaylew
ul Buireanow pue Bunsaiaul puly sjuspns reym Buipuelsispun (99

WwiN[N9LLIND 8y 01 paje|al
Seapl pue S1oB) M3U I9A02UN 0] 2Jeasal 10npuod 03 ssaubuljipn (pp

seapl |ealewsayrew
asn pue dojaAsp (Suoljeu 1o) sainno ualayip moy Buimouy] (99

solewayrew Jo A1oisiy syl Jo abpajmouy (qq

uoI1eINPa JO SanjeA [ealyls pue sesodind ayy Buipusyaidwo) (ee

suoneuasaidal o1310ads
Buisn Jo sabejueApesip pue sabejueApe ayl alenjeAs 01 AlIgY (z

soljewsylew
yoeal 01 spoylaw Buiyoesl juasalip asn 01 moy Buimouy (A

S$HSB] [eUOIIONIISUI J0J S8sIoJaxa arelidosdde asooyd 01 ANjIgy (X

U0SS3| JBYI0UR UM UOSS3] B 198UU02 01 AIJIqY (M

saolpuaddy




Appendices

138



Appendices

Appendix 2 — Interview Guide

Complementary Interview guide used by the researcher

This interview guide is compost of eight open-ended questions related to
the first moment of research that investigates the pre-service teacher’s
understanding (and its evolution process throughout the theoretical
training) of mathematical knowledge for teaching in primary schools.
These questions do not pretend to obtain definitive answers but aim to
discuss the motivations, necessities, and the ways in which the
participants acknowledge the activities and experiences developed
during their teacher education. The estimated time to cover all six
questions is 50 minutes.

1) Why did you apply for this teacher-training program?

2) Could you walk me through what you have done in the first term of
the program? (Disciplines, mathematical contents, study activities...)

3) Could you describe a typical day in the discipline of teaching
mathematics?

4) Could you give me an example of a time in classroom that you enjoyed
and disliked? Why?

5) How is the mathematical content you are learning so far important for
teaching mathematics in primary school?
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6) (This question considers the answers given throughout the
questionnaire). To what degree do you think you possess the knowledge
that you marked as mostly important for teaching mathematics in
primary schools?

7) Since you started the teacher-training program have you become more
or less motivated in becoming a teacher?

8) Do you feel that teacher-training program is preparing you to teach
mathematics for primary school children?
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Appendix 4 — Article 1

Jacinto, E. J, & Jakobsen, A. (2020). Mathematical knowledge for
teaching: How do primary pre-service teachers in Malawi understand
it? African Journal of Research in Mathematics, Science and
Technology Education, 24(1), 31—40. Doi:
10.1080/18117295.2020.1735673
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Introduction

In recent decades, some progress has been made in achieving global targets in education. However,
there are significant gaps In the quality of teaching and leaming In low-income countres, especially in
the sub-Saharan region (Allinyetken, 2010, UNESCO, 2016). The Republic of Malaw—one of the first
sub-Saharan countries to implement free primary education (Wanda & Mgomezulu, 2014)—has
updaled their leacher training curriculum 10 better prepare pre-service teachers for the challenges of
teaching all subjects. In the field of mathematics, a recent study conducted at eight pamary pre-
service leacher colleges in Malawi showed a statistically significant increase in the pre-service tea-
chers’ mathematical knowledge for teaching during their training (Jakobsen et al, 2018). However,
the overall change in mathermatical knowledge for teaching was refatively small, and most pre-
service teachars’ mathematical knowledge for teaching showed Mtle improvement during teacher train-
ing at their teacher-training college.

While the study of Jakobsen et al. (2018) looked at quantitative changes in pre-service tea-
chers' mathematical knowledge for teaching during teachers first year at teacher-raining
college, there is still ttle knowledge about what beginner teachers think and experience in
their teacher-training programme. Thus, the present study aims to gain a befter understanding
of how pre-service teachers in Matawi understand the mathematical knowledge needed 1o
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handle the tasks of leaching in pnmary schools. The main question is: How do Malawian
pro-service teachers understand the mathematical knowledge for teaching in primary schools?
By mathematical k ledge for teaching, we refer to the ‘'mathematical knowledge that teachers
need 1o carry oul their work as teachers of mathematics' (Ball et al., 2008, p. 4), which is
grounded in Shulman and Sykes's {1986) definttion of the knowledge base for teaching, which
they describe as 'the body of understanding and skills, and device and values, character and per-
formance that together constitute the ability of a teacher to leach mathemaltics’ (as cited in For-
nandez, 2014, p. 82).

Framing Teachers’ Knowledge within the Malawian Context

There has been a significant increase in intemational research focusing on teachers’ leaming (Castle,
2013; Coctvan-Smith, 2004; Daring-Hammond & Bransford, 2005; Putnam & Borko, 1997) and on
different forms of knowledge needed to prepare pre-service teachers for their fulure profession
(Cheng et al. 2014; Rowland & Tumer, 2007). In the USA and in some countries in Europe and
Latin America, teacheriraining programmes have in many ways advanced in these fields (Darfing-
Hammond, 2006; Femandez-Sora, 2013, Ries el al, 2016). These programmes have established
guidelines that have contributed to the design of new educational policies. models for teaching training
programmes and school curricula to assist teachers in responding to the problems arising in schoal. In
contrast, although Asian and African countries have also pi tod some impro ts in those
areas, few studies have been conducted in these regions on pre-service teachers' leaming and expers-
ances during teacher education (Depaepe et al, 2013).

In the sub-Saharan African region, recent reform effors have focused on teachers’ mathematical
knowledge as the to several challonges in teaching and teacher education (UNESCO,
2016). In Mataw, the Ministry of Education recently implemented a new curriculum o improve initial
primary teacher education. The document specifies that the main function of teacher training colleges
should be to prepare future teachers to acquire the right knowledge, skills and competencies so that
they can face the challanges in this context (Malawian Institute of Education, 2017). Most of the theor-
etical background behind this document is based on Shulman's (1586) ideas about subject matter
knowlodge, pedagogical content knowtedge and curricular knowledge (Malawian Insttute of Edu-
cation, 2017).

Although Shulman's (1986) theory outines a knowledge base needed for effective teaching. this
study relies on the practice-based theory of mathematical knowledge for teaching (MKT) developed
by Ball et al. (2008). Based on Shuiman’s (1986) ideas, Ball et al, (2008) count on a speafic conception
of teaching that emphasises teachers’ abilities to transform subject matter knowledge into pedagogical
methods to improve students’ learmning (Ball & Bass, 2000). Since the focus is on shaping and refining
the knowledge and skills needed to conduct teaching effectively, not only does MKT help teachers and
pro-service leachers Lo develop docsion-making skills essential for teaching certain topics in the class-
room (Johnson, 2009), but It also provides a sustainable theoretical base and practical implications for
teacher education programmes (Hill et al., 2005).

The theory of MKT encompasses the following six teachers’ knowledge domains: common content
knowledge (CCK), horizon content knowledge (HCK), specialised content knowledge (SCK), knowi-
edge of content and students, knowladge of content and teaching and knowledge of content and cur-
riculum. In this article, we will focus on only the domains of CCK, HCK and SCK. The first domain
(CCK) refers 10 the mathematical knowledge commonly used o produced in a varlety of settings,
Including outside teaching. This type of knowledge s not specialized understandings, but questions
that typically would be answerable by others who know mathematics' (Ball et al., 2008, p. 399).
Using an algorithm 1o find the answer for a subtraction problem is an example of CCK.

HCK is the knowledge of how the content being taught is situated in and connectad 10 the broader dis-
cplnary termtory’ (Jakobsen et al., 2012, p. 4642). This category invoives the understanding of the sub-
ject’s origins and principles. as well a5 how valuable it can be 10 students’ leaming. As a contribution,
HCK enables teachers 1o make judgments about the importance of particular ideas or questions’ of
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students and address ‘the discipling with integnty, all resources for balancing the fundamental task of
connecting leamers 1o a vast and highly developed fiekd’ (Jakobsen et al., 2012, p. 4642).

SCK is dofined a5 the mathematical knowéedge unique to the work of teaching’ (Ball et al., 2008, p, 400).
It involves an uncanny kind of unpacking of mathermatics that s not needed—or even desimable—n set-
tings other than teaching’ (Ball etal., 2008, p. 400). It requires knowledge beyond solid content knowledge.
The atality to present mathematical ideas dunng instrucion and to respond 1o students’ questions is an
oxamplo of the tasks that teachers perform as part of their work, which requires mathematical knowledgoe
unique 1o teaching mathematics. A list of mathematical tasks of teaching are ksted in Figure 1.

In the Malawian context. the kst of teaching tasks presented by Ball et al. (2008) reveals similanties
with the tasks of Malawian mathematics teachers. Kazima et al. (2018) found that, although the
Malawian context is very different from the US context, the work of teaching seems generally
simvlar: ‘some of the tasks are more commonly recognised by teachers as applicable 1o the Matawian
context, while other tasks are found less relevant’ (Kazima et al., 2016, p. 184). A task that seems to be
unique to the Malawian context as opposed to the US context is the fact that Malawian teachers reg-
ularly make use of local resources as an integral part of teaching mathematics. Owing 10 the lack of
didactical materials, teachers use natural resources, such as stones and sticks, for teaching specific
mathematical topics in elementary education, and they make their own teaching and leaming aids
(Kazma et al, 2016). Although Ball et al, (2008) do not draw any inferences on the ways in which
the teaching tasks are camied out in Malawi, they provide essential insights about the main character-
istics that underpin the work of mathematics leachers, a starting point that supports further investi-
gation of teachers” knowledge.

Methodology and Data Analysis

To explore how Malawian pre-service teachers understand the tasks of teaching mathematics in
primary schools, we conducted a qualitative case study (Stake, 2006) with 23 pee-service loachers
&t the beginning of ther teacher training. All of them volunteered 10 answer a questionnaire survey

Presenting mathematical idcas
Responding to students” “why™ questions
Finding an example to make a specific mathematical point
Recognizing what is involved in using a particular representation
Linking representations to underlying ideas and to other representations
Connecting o topic being taught to topics from prior or future years
Explaining mathematical goals and purposes 10 parents
Appraising and adapting the mathematical content of textbooks
Modifying tusks to be cither easier or harder
Evaluating the plausibility of students’ claims (often quickly)
Giving or evaluating mathematical explanations
Choosing and developing uscable definitions
Using mathematical notation and language and critiquing its use
Asking productive mathematical questions
Selecting representations for particular purposes
Inspecting equivalencies

Figure 1. Mathematcal tasks of teaching identfied by Ball ot al. {2008)
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that consisted of open-anded questions about their teaching expenence’ (TE), preferences for math-
emabics in high school (MIHS) and interests in teaching mathematics during college (MIC). Based on
the pre-service teachers’ answers, six difforent profiles of pre-service teachers were identified. The six
profiles, with the number of teachers in each of the profiles indicaled, were: four pre-service teachers
possessing TE, MIHS, and MIC; three having TE. but not MIHS and MIC; six with no TE, but with MIHS
and MIC; four with no TE and MIHS, but with MiC; two with no TE. MIHS and MIC; and four with TE and
MIC, but no MIHS, For the purpose of this paper, we considerod one pro-service teachor from each of
the six profiles. The list with the detals of the teachers and their pseudonyms appears in Table 1.

Table 1. 5 of the h sample ding 1o thair profies
Critoria of selection of the resaarch samgle Pro-senice jeachers anonymzed names
TEMIHSMIC Martin
TENo MIHSNo MIC Mario
No TEMIHSMIC Patrick
TEMNo MIHSMIC Clara
No TE/No MIHSAMIC Darvel
TENo MIHSAMIC Derise
TE, Teaching MINS, pred for math in high school MIC, interests in lsaching
mathematics during college.
Apart from the organisation and selection of the research sample, the questionnaire survey com-
prised a hist of tasks of teaching fi d by the thecretical tructs of Ball ef al, (2008), The pre-

service teachers ranked the level of significance of each task with the Matawian context in mind,
One example from this list was the task ‘respond lo children's why questions’. This specific
segmant of the quastionnaire was a precursor for conducting individual interviews with the pra-
service teachers.

In the interviews, the pre-service teachers identfied and rated the significance of the tasks as impor-
tant, very important or not at all important. They were also asked about thelr views, understanding and
reasons for classifying the fems on that scale. The pre-service teachers also provided insights into
tasks that might be specific 10 the Malawian context, such as ‘using natural inthe cla 3
and the type of knowledge peraining 10 these tasks. This information was essential {or betier under-
standing the types of mathematical knowledge and tasks of teaching that pre-service teachers recog-
nise as crucial for their in-field expenence as a teacher as well as for their future profession.

The interviews were recorded, transcribed and analyzed using four categories, which included the
sgnificance of the mathematical knowledge used to handle the tasks of teaching in primary schools
from the perspective of Malawian pre-service teachers. The four categories are: CCK for feaching
and leaming, relating knowledge of out-of-curriculum confent fo HCK, the importance of SCK in inter-
preting students” emrors and capacities and SCK: stimulating mathematics leaming through different
approaches. These categones reflect the ways in which the pre-senvice teachers undersiood the
tasks that might emerge in mathematics instruction, as well as the knowledge needed 1o tackie
these tasks in the context of Malawian primary schools.

Findings and Discussion

CCK for Teaching and Learning

In this category, the pre-service teachers exprassed their views and understanding about the impor-
tance of mathermatical knowledge and how useful this can be for teachers and students in Malawi,
The interview responses of three pre-service teachers are presented below to illustrate these views:

Danet Tha tsacher should have & very good knowsedge of the content before gowng 1o the classoom, 50
the learners can leam what thay need to leam
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Denise It is important for the teacher 10 know the contert because he or she can help the learmers to
understand when they are leaming mathematics

Clarx: If the teacher knows e content, ho wil have more confl inthe and the lear-
ners will know that he is wiser.

In the interview extracts above, hmmmlmwﬁmmmm of knowing
the curriculum content for the benefit of students’ leaming, M g the hum content 1o
u.mmhmunmmmdwmm These views reinforce
the idea that teachers should be capable of teaching in several ways when possassing in-depth knowl-
odge of cumcular mathermatical concepts (Ball ot al., 2008), However, one pre-sarvice teacher pro-
vided a unique view of the teachers’ method: ‘teaching s about helping leamners 1o learn from
simple to complex, from known 1o unknown; and the cummculum [content] telis us the simple concepts
that they need to leam' (Martin).

Daniol, Denise and Clar all acknowledge that good knowledge of the school's curriculum content s
vital to ensure good quality teaching and student leaming. However, it is unclear on what basis tea-
chers decde what is important for students. In the particular case of Martin, the knowledge of
subject matter is pictured as a method to encourage students 10 work from a topic they know
(simple) towards an unknown topic (complex) or objective. From a practical perspective, the role of tea-
chers in this context seems to be to place value on progressive leaming of the subject matter.

Reolating Knowledge of Out-of-curriculum Contont to HCK

This second category explores the relevance of tleacher knowledge needed (o teach mathematics in
primary schools, from the perspective of the pre-service teachers. Although scholars recognise the
afferences between HCK and knowledge of content and curriculum (e.g. Jakobsen et al,, 2013), in
this study, the pre-service teachers still refer to knowledge about content that |s not in the curriculum
as a cummicular horizon rather than as a mathematical horizon. This view, however, varies among the
pro-sorvice leachers. In the following passages. two pre-service teachers domonstrated a tendency 1o
pricritise content in the curriculum rather than content outside the curmiculum.

Clara: The ministry of education already applies what the learmers have 10 know a te prmary
loved, 50 If the teacher is ot of the cumculum, he can teach things thal are not intended for

primary leamers.
Martnc Since It is not part of the learners’ curriculum. | don $unk 1t is important.

Clara and Martin's responses tend 1o lessen the importance of knowledge beyond the school cumcu-
lum. In Clara's view, for instance, It is not necessary for teachers to know out-of-curmiculum content
since 1 is the governmental authonties who determine what is necessary 1o be taught in classrooms.
In the same vein, Martin does not see teachers playing a role in deciding what to teach, noc does he
acknowledge the need for knowing why something is taught.

In contrast 1o the pre-service teachers’ insights above, two other pre-service teachers demonstrate &
more balanced point of view by lliustrating positive and negative aspects of the teacher knowing and
using contents not included in the school curmiculum to teach mathematics.

Denise: It s not 80 Important 1o know rmath Aside the um. but e teacher needs 10 know
1L In order 1o make It easier for the learners.

Darvel: So 50 .. The teachor might use it to answer some questions in the cl. A but itis not
80 important. He needs 10 focus on the contents tha school suggests 10 each. Each standard
{orade] in Malaws has ts spect 10 be Lught 5o the 1eacher can learn the content from
the other standards to help the learner understand it but # s not 50 important for that particy-
lar level

Denise and Daniel presant a genaral view of the teachers’ role that teachers need 10 possess knowl-
edge outside the school cumculum in order to handle the tasks of teaching, such as answering
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students’ questions or making the content easier to leam. Daniel's understanding, In particular, seems
1o be explicitly linked to the knowledge needed to be used in tasks involving ‘connecting a topic being
taught 1o topics from prior of future years' (Ball of al , 2008, p. 400). This view implies that the knowl-
edge at the mathematical horizon s relevant but only for providing links with content from higher school
levels.

Patrick and Mario, in contrast, present a different view to Denise and Dansel. They suggested that
toachers’ knowledge should also include the ability to reflect on what they are teaching and o
sequence the content of the cumculum, which is also needed for effective teaching (Ball et al., 2008).

Palrck It s very imponant because they can reflect on what they are teaching.
Mario; Yes, dis imp x with other you can explain better, you can mix &, and
you can add new ideas.

Patrick and Mario present a broad view of the relevance of the content outside of the cummiculum, which
Implies that they think teachers should be open 1o exploring new ideas for the teaching of mathematics.
Both pre-service teachers see iteachers as taling an active role in mediating the school curmiculum.
They recognise the need for reflection on what is taught and how &t can be improved. To acquire a
better understanding of the content and new forms of teaching, for exarmple, Mario believes that a
teacher needs to expanment and Iry new ideas for teaching more effectively, This view reveals a
link between the vertical and horizontal curmiculum (Shulman, 1988), which are both important for math-
omatics ir ion in primary schools., In the case of Patrick, incorporating ‘complex concopts and new
problemns from real-ie situations into the dassroom may not be easy for the teacher, but # can chai-
lenge and stir creativity among the leamers’ (Patrick).

Patrick’s assumption shows the type of knowledge that is particularly relevant and useful for
teaching in Malawi: the knowledge at the mathematical horizon (Ball et al., 2008). In the literature,
the concept of HCK refers to "an awareness of how mathematical topics are related over the span of
mathematics included in the curiculum’ (Ball ot al., 2008, p. 403). Howover, Patrick’s idea of teach-
ing complex concepts and incarporating problems from real-life s#uations into mathematics lessons
seems 10 be a significant par of the teacher's knowledge and his/her atalty to make links between
cumiculum topics. In this context, Kelly (1999) observes that, in some situations, curriculum content
might ‘limit the planning of teachers to a consideration of the content or the body of knowledge they
wish to transmit or a kist of the subjects 1o be taught or both' (p. 83). Knowledge of the content that
lies outside the school curriculum can also be important to the work of teaching because it can help
teachers 10 guide students to exparience real-ife situations that encompass multiple concepts
(Froire, 1999).

The Importance of SCK in Interpreting Students’ Errors and Capacities

Although expertise in tho mathematical content both within and ocutside the primary school curmculum
is an essential component of teaching, leachers are aiso faced daly with the task of evaluating the
plausibility of students’ daims. Any teacher who knows their students and their prior knowledge can
Identify, explain and predict what students can do or cannat do during leaming activities (Freire,
1989). In this third category, we identified three sub-categories: thoughts of pre-service teachers con-
ceming the limitations of identifying student capacities within their contextual settings. the role of the
teacher in interprating students' mistakes and identifying ther capacities; and approaches that can
be used for identilying students’ problems, These insights are important 10 get a better picture of the
pre-service teachers’ understanding of the knowledge needed 10 explain why and how students
make mistakes, and what knowledge and skills a teacher can use to minimise these mistakes. With
regard to the first sub-category, throe pro-sorvice teachers spoke about the limits of knowing the stu-
dents’ capacities during mathematics lessons,

Martin. Teachers should know what the learners can ¢o, but in Malawd, it is very difficult! We have so
marny children in the classroom that you cannot know svaryone. [ ] | used 1o teach In four
classes, oach with more than one hundred students
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Patrick: Leamers can come across with a diferent challenge or problem in their ide, 50 the teacher needs
to be familiar with it, or the e will not be involved in the lesson.

Denise.  We noed to give them ach ok with what we are ing. Thus, they can holp us
create different lessons and improve our custiculum.

In Martin and Patrick’s comments, students’ abilities seem 1o play a signeficant role in defining how a
teacher should teach in Malawi, However, they also believe that contextual factors, such as the large
numbers of students in the cassroom, limit teachers’ abilities 1o meet the specific needs of students.
Conversely, Denise sees the understanding of students' abiities as a resource that can help teachers
bMonm-onuom\an By interacting with students’ thinking, teachers
can ch 1 practices, especially the approachability of the content being taught.

mmmm; Patrick's and Densse’'s emphasis on students’ abllities, three other pre-
service teachers highlight the importance of interpreting students’ mistakes and dealing with them in
the dassroom (second sub-category). While Martin, Patrick and Denise understand that teacher
knowledge also includes the knowledge of interpreting students’ mistakes and identifying their
capacities, Daniel, Clara and Mario explained that #t further includes the abilty to guide students to dis-
cover the nature of their problems themselves

Daniet. You ate there 10 1each, 50 you are there 10 check the mistakes. You should cortect them so they
can have the comect information.
Clam: You can help them by glving ancther view, 50 they can understand mathematcs and solve the

problems.

Mario The teacher must ask them, 'How did you come up with this answer? How did you solve it? This
way, tho teacher can know where the problem comes from. Geving them the arswer wil not
help them understand whem ey are wrong.

The views above encompass the third sub-category in which the pre-service teachers acknowledge
the importance of helping students 1o & aware of their mistakes and of new ways of sohving a
problem. Dandel's, Clara's and Mario's comments describe this knowledge as an important skill for
primary school teachers to possess in Malawi: teachers should not only know how to idantify children’s
inaccuracies and ermors but also help them to understand why these problems occur. Such an under-
standing reflects a tendency for recognising and valuing different ways of helping students., It confirms
that knowing how 1o interact with students is an important characteristic of primary school teachers
(Ball et al., 2008), as it gives students an oppoctunity 10 express their thoughts and ideas and reflect
on what they nead o leam. From a sociocultural perspective, this view s also a valid constituent: chil-
dren's leaming does not occur outside a particular context or in isolation from others but through
someone more familiar with the topic (i.e., a teacher) and capable of understanding and suppont stu-
dents’ loaming process (Vygotsky, 1987),

SCK: Stimulating Mathematics Learning Through Different Approaches

In this fourth category, the focus is on the way in which the Malawian pre-senvice teachers understand
the different forms of teaching mathematics apart from what the textbook suggests. This component is
a signfficant charactenstic of SCK—a type of knowledge that allows teachers to engage children in
mathematical activities in the dassroom (Ball et al., 2008). The data from three pre-senice teachers
below shows multiple ways of teaching mathemasics in primary schools in Malawi.

Mana: When leamers have a differert siduation in their Ife, they are facing a new challenge that
requires new ways 10 solve R S0, teachers can Lse these challenges to teach math

Patnck:  In Malawi, we have Kwacha. So, you can rolato & in the classroom. How much does it cost o
goto Blantyre? You must negotiate and think, you know ... Is # expensive? So, this can be a way
10 €ngoge leamers.

Darise: There are many diffarent ways 10 1each mathematics. In Males, we use place-value boxes and
abacuses. I is cheap and easy 10 manage n the classroom.
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Inthe passage above, the three pre-sarvice teachers llustrate different ways of thinking about multipie
approaches for teaching mathematics: creating problem situations and using materials or instruments
that can be manipulated for the students. With regard 1o such problem situations, Moura (2010)
describes these as contextualised problems that allow teachers 1o use students’ natural curicsity in
order to solve problems from real-life situations. However, this type of approach should be intentionally
organised to develop students’ autonomy and critical thinking (Moura, 2010). In Patrick’s commaents,
for oxamplo, wo note that such an idea takes form in & common situation in Malawi: transportation
costs. Patrick also argued that 1...] when coming to school, they [the children] have 1o take the
minibus every day, so they can apply what they leam In class’ Therefore, contextual features
appear to shape Patrick's view of SCK. Based on this finding, we can affirm that, in a Malawian
setting, it seerma to be important for teachers 10 know how 10 engage students in ssmulating activities
that challenge them, so that students can acquire concepts that emerge from and explain their reality.
Moreover, Denise presents an insightful perspective about the role of teaching tools. She under-
stands that place-value boxes and abacuses are tools that leachers can use to help children
develop a deep understanding of mathematics concepts. In this context, Miller and Stigler (1961)
stress that tangible materials increase children's ablity 1o perform mental calculations and represen-
tations, and that teaching mathematics through such matetials impr the onvi W of the
math classroom (Smith et al, 1999). Thus, the practical use of tangible materials in Malawi can also
be a strong component in teachers’ SCK, as it 'helps to spark students’ imagination by letting them
touch, move about, rearrange, and otherwise handle objects’ (Kennedy, 1586, p. 9). The task of
making teaching and leaming more realistic and practical is also proviously highlighted as a task
that is more common in the Matawian context as opposed 10 other countries (Kazima et al., 2016).

Concluding Remarks

Scholars in educational science have outined the importance of a distinctive brand of knowledge and
skills unique to the work of teaching (Ball e al., 2008). In the framework developed by Ball et al. (2008),
mathematical knowledge for teaching comprises two domains—subject matter knowledge and peda-
gogical contant knowledge. Subject matter knowledge, in particular, has been extensively studied, as it
has a signficant impact on pre-service teachers’ use of teaching strategies in classroom practice
(Darling-Hammond & Bransford, 2005). In this paper, however, we reported on & study focusing
spedifically on the Malawian pre-service teachers’ understanding of the knowledge related to the
CCK, HCK and SCK—three domains of teachers’ subject matter knowledge.

Our findings indicate that, although Matawian primary school pre-service teachers interpret the
knowledge needed for teaching mathematics differently, they use sold arguments in parallel with
the theoretical constructs proposed by Ball et al. (2008). By questioning the importance of the core
elements that contribute to the effective teaching of mathematics (Ball et al, 2008), we obsarved
that these pro-service teachers understand the knowledge of curricular mathematical concepts as
crucial for shaping and supporting students’ leaming. In their view, in-depth understanding of cumicu-
lum content allows teachers to concentrate on what is essential for students to leam according 1o the
cumiculum. This abilty is also seen as relevant for designing lessons that will increase student confi-
dence as the content becomes more complex.

However, our findings also suggest that the participating pre-service teachers struggle with explain-
ing basic characteristios of the knowledge at the mathematical horizon, Although pro-service teachers
In Malawi recognise the relevance of mathematical knowledge outside the primary school curmiculum,
they discuss this within the sphere of the curricular, rather than the mathematical horizon. Furtharmore,
they regard the teacher’s role in deciding what content students need to leam as limited. although they
also think that teachers have armple opportundies 10 promote students’ reflections on the nature of the
mathematical concepts and their connections with different aspects of the school curiculum. These
wviews imply a strong tendency o rely on the core cumiculum as a prmary source for teaching and leam-
Ing at an equivalent standard, whereas the links with differant school levels and real-life situations are
understood as complementary sources for acquiring teaching knowledge. In sum, the particpants in
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this study concur that teachers shoukd utiise a range of sources, methods and tools 10 promote stu-
dents’ understanding of mathematical concepts.

The insights that have emerged from this study contribute to the understanding of the ways in which
pre-sarvice teachers understand the knowledge needed to carry out tasks of teaching mathematics in
primary schools in Malawi. However, further research is needed to ascertain whether pre-service lea-
chers’ understanding of what is useful for the work of teaching corresponds with the strategies they
Inter adopt in their teaching practico. The present study is also beneficial for the enhancement of
teacher lraining programmes, while contributing to a better understanding of the main concepts of
the practice-based theory of mathematical knowledge for teaching.
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PEDAGOGICAL CONTENT KNOWLEDGE FOR TEACHING
MATHEMATICS: WHAT MATTERS FOR PRESERVICE
PRIMARY TEACHERS IN MALAWI?

Everton Jacinto, Arne Jakobsen
University of Stavanger

This paper examines how Malawian preservice teachers perceive the mathematical
knowledge needed for teaching in primary schools. Drawing on the practice-based
theory of mathematical knowledge for teaching, the study highlights the main elements
constituting the pedagogical knowledge required for teaching mathematics in remote
areas of scholarly education. Data collection instruments included a questionnaire
survey and individual interviews with three entrant preservice teachers attending a
teacher-training college in Malawi. The results yielded by thematic data analysis show
thar preservice teachers conceived components of pedagogical content knowledge in
different but complementary ways to those noted in pertinent literature.

INTRODUCTION

For decades, education rescarchers have been exploring practices and teaching
techniques to learn what can improve teachers’ knowledge. They have argued that, by
possessing a specific type of knowledge, a teacher is able to organize potential
activitics that can transtorm subject matter content into forms more comprehensible to
students (Abell, 2007; Grossman, 1990; Hurrell, 2013; Marks, 1990; Shulman, 1987),
Thus, the knowledge of how teachers think, construe, and evaluate their own teaching
provides valuable evidence on what comprises and enhances the nature of such
knowledge.

A particularly significant contribution to this line of research was the idea of
Pedagogical Content Knowledge (PCK), developed by Lee Shulman (1986). In his
view, PCK intersperses pedagogical and subject matter knowledge, and allows teachers
1o make scientific subjects meaningful and useful to learners (Shulman, 1986). This
idea was further claborated by a rescarch team led by Debora Ball. The group made
observations of preservice teachers’ teaching practices and identified six domains
pertinent to effective teaching of mathematical subjects (Ball, Thames, & Phelps,
2008). Those domains led to the development of the practice-based theory of
mathematical knowledge for teaching (MKT).

Drawing on a larger study about teacher education in Malawi, this paper explores how
preservice teachers perceive the elements that compose the teacher’s mathematical
knowledge for teaching. in particular, the PCK for teaching mathematics,
Consequently, the general goal is to contribute to a new understanding of how those
domains take place in remote areas of teacher education.

-424
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TEACHERS' KNOWLEDGE DOMAINS

The particular forms of content that embody teachers® professional knowledge have
become a central issue of the 215t century educational practice, rising questions whose
answers can affect many educational institutions around the world. In this context, the
practice-based theory of MKT comprises of the following six fundamental domains of
teacher’ knowledge in mathematics: Common Content Knowledge (CCK), Horizon
Content Knowledge (HCK), Specialized Content Knowledge (SCK), Knowledge of
Content and Students (KCS), Knowledge of Content and Curriculum (KCC), and
Knowledge of Content and Teaching (KCT). Together, those domains constitute a
promising conceptual framework for research on teacher knowledge (Ball, Hill, &
Bass, 2005),

CCK is the first domain that incorporates the subject matter knowledge. Ball et al.
(2008) described it as the type of knowledge “used in settings other than teaching™ and
related to circumstances typically common by others who know mathematics (p. 399).
In contrast, SCK refers to a specialized knowledge unique to the work of teaching. This
domain entails the mathematics knowledge and skills that a teacher needs to possess in
order to create necessary conditions for students to learn the subject. SCK reflects the
teachers’ capacity for dealing with the teaching tasks, such as “looking for patterns in
student errors™ and “understanding different interpretations of the operations in ways
that students need not explicitly distinguish™ (Ball et al,, 2008, p. 400). In addition to
these domains, HCK concerns “a kind of mathematical *peripheral vision' needed in
teaching, a view of the larger mathematical landscape that teaching requires™ (Ball &
Bass, 2009, p. 1), HCK helps preservice teachers be aware of “how the content being
taught is situated in and connected to the broader disciplinary territory™ (Jakobsen,
Thames, Ribeiro, & Delaney, 2012, p. 4642) and “how mathematics topics are related
over the mathematics span included in the curriculum™ (Ball et al., 2008, p. 403),

The second set of domains (KCT, KCS, and KCC) resides in the pedagogical content
for teaching—a singular type of knowledge that allows teachers to create and be
oriented in a conducive learning environment. For Freire (1996), this is the most
fundamental skill, indispensable from the beginning of teaching, that helps educators,
teachers, and preservice teachers to understand that “teaching is not about transfernng
knowledge but creating possibilities for its production or its construction” (p. 47)
(Translation by the authors).

The domain of KCT addresses methodological aspects that allow teachers to
understand and choose the appropriate ways to meet students” leaming needs. KCT
concerns lesson design and use of appropriate activities in the classroom (Herbst &
Kosko, 2014). Such knowledge helps teachers to develop effective teaching practice
and conceptualize their own teaching. Additionally, KCT can contribute to the future
teachers’ learning by addressing specific ways to organize lessons that help to them
deal not only with the ongoing adaptations in the classroom environment (Goodnough,
2006) but also with problems that permeate much of our current society (Freire, 1996).
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The second domain, KCS, pertains to the development of teachers® specialized content
knowledge (Philipp et al., 2007). KCS mainly focuses on the students’ mathematics
leamning and understanding, i.¢., how they think about mathematics, their limits, and
difficulties they expenence when leaming the subject. From this context, Ball et al.
(2008) explained that:
When assigning o task, teachers need to anticipate what students are likely to do with it and
whether they will find it easy or hard. Teachers must also be able to hear and interpret
students” emerging and incomplete thinking as expressed in the ways that pupils use
language. Each of these tasks requires an interaction between specific mathematical
understanding and familiarity with students and their mathematical thinking. (p. 9)
While KCS supports teachers® ability to listen to their students, KCC helps them to
identify, select, and decide how a particular set of curriculum materials can benefit
students” leaming. This last domain, in the context of initial teacher education, appears
as a potent tool for preservice teachers to explore the curriculum and instructional
matenials relevant for teaching (Ball et al, 2008). Possessing an effective KCC,
however, implies not only knowing the curricular content that need to be followed, but
also how those content areas can be better introduced in the lessons.

The introduction of these last three components by Shulman (1986) and their
reconceptualization by Ball et al. (2008) has been an important step toward a better
comprehension of teachers' knowledge, Moreover, as Depacpe et al. (2013) pointed
out, although a significant body of research on PCK has been conducted in the US and
European countries, there is evident paucity of studies focusing on the Afncan
countries. Thus, further research is necessary with the aim of providing not only new
insights about the idea of PCK. but also discussing the possibilitics and limits in
applying those concepts in African contexts.

PRESERVICE PRIMARY TEACHER EDUCATION IN MALAWI

There are eight teacher-training colleges in Malawi. They operate with local primary
schools in neighboring regions by offering a two-year program for candidates aspiring
10 become primary school teachers. As a pan of this program, candidates review the
basic topics taught in primary schools, analyze lesson models given by in-service
teachers, and develop teaching activities for lower and upper grades. At the core of
their training, # modular structural curriculum combines studies with a special focus
on the pedagogical content knowledge for teaching and competencies for ensuring
learning with understanding (Malawian Institute of Education, 2017),

Although this new curriculum appears adequate for preparing preservice teachers to
teach in Malawi, a recent study conducted at the eight Malawian teacher colleges
indicated that most preservice teachers begin their college program with a poor
understanding of basic mathematics. Consequently, their essential knowledge and
skills for teaching mathematics typically do not improve as a consequence of the
teacher education (Kasoka, Jakobsen, & Kazima, 2017). These results highlight the
need to better understand what beginner teachers do in their teacher-training programs
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in Malawi, how they understand and evaluate their own lessons, and on what bases
they choose to act in particular ways instead of others.

THE RESEARCH DESIGN

The larger rescarch study that this paper draws upon was based on a qualitative
multiple-case study (Stake, 2009) with 23 primary preservice teachers selected due to
the diversity in their backgrounds and teaching subject preferences. The broader study
was divided into three research moments following the teacher-training calendar, The
first moment consisted of asking all 23 primary preservice teachers to complete a
questionnaire inquiring into their previous teaching expernience and subject preferences
for teaching, and individual interviews about characteristics of effective mathematics
teaching in Malawi. The current investigation focuses solely on the information
obtained within the first moment from three preservice teachers presenting similar
traits on those critenia.

The data was organized into three units of analysis bounded by the domains of teachers’
PCK (KCT. KCC, and KCS). Based on these domains, three distinct categories
emerged from the data: Decision-making in teachers® KCT; Relations between KCT
and KCC; and Adaptations of the classroom activities from students* contributions and
level. These categories provided insight into the particularities of Malawian preservice
teachers’ perceptions of PCK for teaching mathematics.
FINDINGS
Decision-making in teachers’ KCT
The passage presented in this category occurred duning the interview with Martin, a
preservice teacher with previous teaching experience, and a preference for teaching
sciences and mathematics in primary schools. The starting point was based on the type
of “knowledge needed to decide on the best examples and representations to use for
given instructional objectives™ (Herbst & Kosko, 2014, p. 24). This idea is perccived
as a significant clement in KCT, as it is vital for the work of teaching mathematics
(Ball et al., 2008). The evidence that frames this notion is given below:
Researcher:  Martin, is it important for teachers to think about the design of the lesson
or any strategy before starting the classes?
Martin: Yes, it is very important!
Researcher:  Why? Don’t you have a [teacher] manual? You have to follow it nght?
Martin: Yes, we have to follow the manual! But a good teacher also has to think
about what is good or bad for the learners. He needs to think about the
lesson before, so if something happens, he or she can manage what to do,
The big problem is that, in Malawi, there are so many students, that teachers
cannot pay attention to everyone all the time. If they do that, they will never
finish the content. So, the teacher needs to decide when it ks time to give
attention to students and when it is time to move on.

Rescarcher:  How does he know it is the time to move on?
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Martin: If the majority understand the topic, it is time to move on. Learners can
take revision lessons at the end of the term, so there is no problem if one or
two students have problems. They will have an opportunity to review it. So
this I something teachers need to consider when they are teaching.

For Martin, the knowledge about instructional practice design combines the knowledge
of the organization and conduction of mathematical tasks in classrooms. Decision-
making was also considered as an integral part of the primary school teacher’s skill
management for teaching, an idea that resembles KCT as the “knowledge of strategics
and representations for teaching particular topics,”™ as proposed by Borko and Putman
(1996, p. 677). However, the context in which such skill is applied was a distinctive
characteristic in Martin’s view: “The number of pupils in Malawian primary
classrooms usually ranges from seventy-five to more than one hundred.” Martin also
implied that teaching under such circumstances should be based on more than
following manuals; it demands organization, decision-making, and a sense of time and
place for learning.
Relations between KCT and KCC
This section contains a segment of the interview by Carlos, a preservice teacher with a
similar background and preferences as Martin. Carlos’s responses not only describe a
singular characteristic for an effective teaching in Malawi, but also show how KCC
might interact with the domain of KCT from a broad curricular perspective.
Researcher:  Carlos, how do you describe an effective teacher?

Carlos: Ok..., I think an effective teacher needs to be resourcive [resourceful].
He needs 1o know how to use the right [teaching] resources to engage the

leamers in leaming a topic,
Rescarcher:  How does he know if the [teaching] resource is good or bad for the learners?
Carlos: If the resource is too complicated, it is, of course, not a good resource.

Researcher:  Can you give an example of a good resource?

Carlos: Itis hard to say because in Malawi we don’t have enough material, you
know... but... if you are teaching in standard four, you can use small stones
to teach multiplication by nine, but just multiphcation of small numbers.
Multiplication by nine is part of the curriculum in standard four, you
know... But, in standard five, if you use stones to teach multiplication of
big numbers, it won't be a good idea because it will take too much time
for the students to count the stones. So, for teaching multiplication
nvolving big numbers, you need to think about using other sources,

In this passage, Carlos used the word “resowrcive™ to describe the way a teacher
considers effective teaching resources in the classroom. This charactenstic reflects the
teacher’s capacity for selecting, revising, and using appropriate didactical materials to
facilitate student learning. Carlos cogitated that if a teacher is capable of disceming the
advantages and disadvantages of using didactical resources, he/she could create
conditions that are more favorable for the learners, so that they can learn by doing. If
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the material is incompatible with students” learning pace, it would be for the teacher to
search for proper teaching resources, explains Carlos.

Although Shulman (1987) described curriculum knowledge as a major category that
includes “the grasp of the materials and programs that serve as tools of the trade™ (p.
8), the knowledge and skills related to teaching materials were only recently introduced
into the KCC domain (Sleep, 2009). Thus, the example provided by Carlosthe use of
small stones to teach multiplication of small numbers by nine —depicted KCC not only
as the teacher’s ability to familiarize with the wols for delivering mathematical lessons,
but also his'her capacity for understanding how simple objects can help a concept
become a learning need for students.

Adaptations of the classroom activities from students” contributions and level

The passage below is an excerpt of the interview conducted with Clara, a preservice
teacher who also acquired some teaching experience before starting her training
program. She too has expressed affinity for teaching mathematics and science
foundations in primary schools. The passage portrays her perceptions of focal features
in KCS.

Researcher: If a student uses a different method to solve a problem, what do you think
the teacher needs to do?

Clara: 1 think the teacher needs to consider it becsuse, in Malawi, you know...
students have many different methods, so the teacher must consider it,

Researcher:  But if you are teaching multiplication, for example, you know... there are
many ways to teach it. How do you choose it?

Clara: Well.... first, the learners have to learn the method of the teacher. Then,
you can discuss the other methods. If the teacher stops the class to explain
every single method, it will confuse those leamers who are trying to leam.

Researcher:  But how do you know which method is better?

Clara: Usually, the method of the teacher is easier. A good teacher will always
choose the easy way for the learners.

Researcher:  So, would you use the same method in all classrooms?

Clara: No, it would be different because you have to use the method according
to the level of students. In standard four, for example, you have to use
methods that show why this oumber is like this, why this is this... so the
method also has to show the details, In standard five, you don't need to
explain the details, you can just apply it.

The transcnption above reveals a significant aspect of teachers” KCS. Although
students” ideas should be considered in the classroom, methods proposed by the teacher
are still dominant. For Clara, the knowledge about the students® capacities can be
beneficial for teachers to better understand and react to the students’ ideas while
teaching, but the use of multiple approaches might not be helpful for those who are still
learning the content,
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According to Ball et al. (2008), anticipating what students are likely to think and what
they can find confusing is an essential skill that helps teachers balance and adapt their
work according to students’ contributions and level of lcarning. Moura (2010) reminds
us that every idea exchanged is valuable for improving the quality of teacher’s work.
By knowing and interacting with their students. teachers can change their conceptions
and learn new ways of acting that would incite development of leamers® reasoning
ability (Moura, 2010).

CONCLUSION

All three segments presented in this paper focused on PCK: more specifically, they
reflected what preservice teachers in Malawi perceived as crucial for the domains of
KCT, KCC, and KCS. Although cach of these components assumed different forms of
conceptualization, they provide a new perspective on how PCK takes place in remote
areas of scholar education. Moreover, over the last decades, the concept of PCK has
received different conceptualizations by the academic community, posing a challenge
that many educational institutions find difficult to put in practice. These insights are
relevant not only for teacher educators in Malawi, who can use them to consider their
activitiecs based on preservice teachers” specificities and needs for teaching
mathematics, but also for deepening and developing the theory of MKT.
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Abstract
Ability to organize tasks m a consistent manner, i hne with students’ needs, 1s a key skall
preservice teachers need to develop during teacher education. However, it is still unclear
how pre-service teachers conprebend this ability and knowledge entailed in carying out this
work This article examines how pre-service teachers develop thetr understandmg of the
knowledge necessary 10 sequence tasks given 1o students in mathematical instruction. A case
study was conducted with two pre-service teachers enrolled 1 a two-year teacher education
program in Malaws. Data was collected at two different time points (momments) i the
program—at the start of their teacher education, and during their first peniod of teacling
practice in prnsary schools. Data was analyzed with respect to the theoretical frammg of
mathematical knowledge for teaching. focusing specifically on the specialized content
knowledge doman. A close exammmation of the gathered data revealed correspondences m the
ways the two participants conceived such knowledge, us well as cognitive differences in the
operationalization of this knowledge m their teaching pmctice. The results yiclded by this
study highlight the need for coberent teacher education proposals, as well as didactscal
strategies combining theory with practice
Keywords: Malawian primary education, specialized content knowledge, mathematics teacher
education, sequencimg mstractiona] tasks

Introduction

Over the past several decades, sigmificant progress has been made i achieving the
targets of universal primary education, but much work remains to be done 1o ensure adequate
supply of qualified teachers (UNESCO, 2016). In the Repubhc of Malawi—one of the Sub-
Saharan Afiscan countries with the highest ratio of pupils per qualified teacher in peamary
schools (80:1) according 1o UNICEF (2019)—curncular reform attempts have been made to
better prepare teachers and pre-service teachers for the challenges of their profession
(Kazima, 2014). One sigruficant mitiative m this context has focused on ensurmg that pre-
service teachers aoquure the knowledge, skalls, and competences required to teach children
effectively (Malawian Institute of Education, 2017)

Findings yielded by a recent study conducted by Jakobsen, Kazima, and Kasoka
(2018), covering all teacher education colleges in Malowa, indicate that a significant change
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in pre-service teachers’ measumble mathematical knowledge for teaching occurs as they
progress through their teacher education. However, the overall growth of mathematical
knowledge for teaching was small, nod sigmficant differences m the attamed knowledge
pains were observed across teacher education colleges. Consequently, s pointed ot in our
previous mvestigation, more research needs 1o be done 1o elucxdate how this knowledge s
developed and can be enlunced in Malawi (Kasoka, Jakobsen, & Kazima, 2017)

I order to respond to this catl, the following research question is addressed in the
present investigation: How do Malawian pre-service teachers develap their imderstanding of
the knowledge needed for sequencing tasky’ for mathematical instruction? In the sections that
follow, we provide a literature review on the conceptualization of teachers’ knowledge for
teaching and the role of Specialized Content Knowledge (SCK) in teacher education across
different countnes, with specific focus on Malawi. This is followed by the description of the
methodology used m the study, and an overview of the content of the lessons provaded by the
two participating pre-service teachers. The findings drawn from the analysis of the post-
lesson interviews are then presented and discussed m relation to the research question.

Mathematical Knowledge Needed for Teaching

One of the current debates among rescarchers, educators, and educationnal
stakeholders relates to the knowledge needed for teaching mathematics (Camllo, Clunent,
Contreras, & Musioz-Catalan, 2013, Fermema & Franke, 1992; Kruss, Baumert, & Blum,
2008; Ma, 1999) In addition, diverse categorizations of teacher knowledge have been
developed. such as the Mathematical Knowledge in Teaching (Rowland, Tumer, Thwaites, &
Huckstep, 2005), Knowledge for Teaching (Davis & Simmt, 2006); and Mathematical
Knowledge for Teaching (Ball, Thames, & Phelps, 2008)

When examining the mathematical knowledge for teaching, Ball et al. (2008)
Ighhighted the need 1o develop three domains pertaiming to a teacher’s pedagogical content
knowledge —Knowledge of Content and Students (KCS), Knowledge of Content and
Teaching (KCT), and Knowledge of Content and Cumiculum(KCC)—and three domains
related to the subject matter knowledge—Common Content Knowledge (CCK), Honzon
Content Knowledge (HCK), and SCK.

SCK 1s a special type of knowledge that 1s unique to the work of teaching
mathematics (Ball et al , 2008). 1t refers to the capability of “making features of a particular
content visible and learnable by students™ (Ball et al., 2008, p. 400). Such knowledge goes
beyond content knowledge itself, it “addresses both mathematics substance and pedagogical
appropristeness.” auming to unpack “a mathematical concept 1nto its subcomponents to make
1t comprehensive for children™ (Ding, 2016, p. 2). For instance, when teaching division to
elementary students, 8 teacher must know not only different ways of interpreting the
procedures students need to follow, but also develop an mstructional sense of the differences
between “take-away” and “companscn™ models of division. In other words, “specialized
cottent knowledge demands and also promotes cotumon content knowledge™ (Dmg. 2016, p.
2.

Researchers that have sought to study mathematical knowledge required for effective
teaching have found that tasks presented in the list above are often applicable actoss different

' We defime tasks as the problems or activities that prevseryice teachers developed and posed to students.
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cultures (Cole, 2012; Faskanger, Jakobsen, Mosvold, & Bjuland, 2012; Ng, 2012),
However, Kazima, Jakobsen and Kasoka (2016) found that not all of these tasks of teaching
provaded by Ball et al. (2008) are relevant m the Malawsan context and are thus rarely
adopted by teachers in classroom instruction. Ou the other lund, due to the lack of dudactical
matenals, Malawinn teachers regularly use locally available resources (such as stones and
sticks) to enstre that students can gradually grasp and propetly leasn the content (Jacinto &
Jakobsen, 2020). This is in line with the Malawian pre-service teacher education program,
which emphiasizes the need for teachers to be able to design mstructional tasks that would
introduce students to progressively more difficult mathematical concepts (Malawian Institute
of Education, 2017)

Despite the unportance of sequencing instructional tasks for students, Ball et al
(2008) did not provide a detailed account of this aspect of teaching. Rather, the mithors
assumned that this 13 a sub-<component of the following tasks of teaching: “hnking
representations 1o underlying ideas and to other representations,” “connecting a topic being
taught to topics from prior or future lessons,” “appraising and adaptmg the mathematical
content of textbooks,” and “modifying tasks to make them either easser or harder” (Ball et al |
2008, p. 400). This shows that, even though educational researchers bave not yet fully
understood and defined what mathemancal knowledge for teaching entails, there 15 a need to
investigate bow teachers and pre-service teachers leam and employ its constructs in different
situations (Hine, 2015). This article contributes 1o this research stream by focusing on the
development of the understanding that Malawian pre-service teachers have of the knowledge
needed to sequence instructional tasks given to foster students " learning of mathematics.
Guuming usight mio the understanding pre-service teachers have of the knowledge needed fo
carry out related tasks will not only increase our understanding of how SCK is conceived and
implemented in practice in the Malawian educational context, but will also elucadate how this
domain can help 1o reconfigure teacher education practice and curncilar demands

Methodology
Research Design

In order to mvestigate how pre-service teachers in Malawi develop their
understanding of the knowledge needed for sequencing tasks m mathematical mstruction, &
case stily (Stake, 2016) involving two pre-service teachers (henceforth denoted by their
pseudonyms Denise and Martin) attending a primary teacher-education college in Malawi
was conducted. The college is located m the southeastern region of the country and is one of
the eight mstitutions that prepares pre-service teachers for working m primary schools i
rural areas. Dunng their two-year course (three plus three terms), pre-service teachers st
cotnplete three components; theoretical courses at the college (terms | and 2). supervised
teaching peactice in schools (tenms 3 and 4), and reflectivity activities at the college afier
teaching practice (tenms 5 and 6)

The teacher education program follows a proctitioner model of teacher education that
mtersperses theory and practice, as well as content and pedagogy, mn teacher and leaming. Its
curmculumn covers three leaming areas denoted as Education Foundstions Studses, Nuneracy
and Mathematics, and Literacy and Languages, The mathematics curniculun is aligned with
the standards that require pre-service teachers to acquire subject matter knowledge and to
develop pedagogical ways to promote students” lifelong learmng (Malawian Institute of
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Education, 2017). Pre-service leachers need 1o cotplete all three cotnponents 1o recerve
qualifications as prunary school teachers.

Data for the present study was collected at two specific tune pomts, defined s Initil
Moments (conxducted duning a theotetical course m the college) and Second Moment (peniod
when pre-service teachers ase teaching in primary schools). These two data collection phases
were related to the two fisst componests of the primary teacher education program
(theoretical course at the college and supervised practice). Data pertamming 1o the thurd
component, reflectivity activities at the college (tune when pre-service teachers retum to
college 10 take more theoretical courses and reflect on their teaching expenence), was not yet
available when data apalysis for this study took place

In the Initeal Moment, Denise and Martin answered a questionmnre suvey and took
part in indsvidual mterviews, The questionnaire consisted of two sections, the finst of which
contiuned questions about favonte subject m hugh school, teaclung expenence, and
preference for teaching a particular subject that developed during college. The aim of these
questions was 1o obtain a profile of these pre-service teachers at the beginnmg of the course.
The second section of the questionmaire included a list of types of teacher knowledge’
adapted from the work of Ball et al. (2008). For each item on the list, the pre-service teachers
were required to mdicate leved of sigmificance (on a five-pouit Lakert scale), as this helped
identify the types of teaching tasks that were more/less relevant to the Malawian context.
Subsequent individual mterviews were guided by the questionnaire responses, as the pre-
service teachers were asked 1o elaborate on their answers, as well as provide examples and a
brief description of the motives and expectations they hold for their future carcer as a primary
school teacher

Data related to the Second Moment was gathered via a week-long systenwtic
observation of Denise’s and Martin's teaching practices, as well as post-lesson imterviews.
Since the two participating pre-service teachers were located in different schools and were
teaching in a different class and standard’, the post-interviews focused on situations that
occurred dunng classroom mstmction, resembling the teachmg tasks listed m the first phase
of the research. After viewing video-recordings of their own lessons, the pre-service teachers
reflected and commented on the tasks they encountered i the classroom, as well as the
knowledge needed 1o hiandle them effectively. The goal was to engage the pre-service
teachers in a reflective analytical process that could offer better insights into their
understanding of the knowledge needed to carry out tasks of teaching mathematics in primary
classrooms.

Data was analyzed using thematic analysts, an approach that, according 1o Attrade-
Stirlsng (2001), allows researchers to “explore the understanding of an ssve or the
signification of an sdea, rather than 1o reconcile conflicting definitions of a problem™ (p. 387).
The objective of thematic analysis is to analyze the patterns of meaning (themes) across a
dataset or one particular aspect of phenomenon i depth (Braun & Clarke, 2012). This article
yeports analysis on the theme knowledy ded 10 yoq tazks in mathematical

* An example of these tanks and kuowledge domams can be found in Jaciato & Jakobsen (2020),

¥ Primary school edacation m Malaw) cong; cight grades, referred 10 as Stamdand 14
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instructional. The list of teaching tasks adopted from the Ball et al 's (2008) framework was
mitially used to generate data (see Figure 1). After transenbing the recordings and identifying
siulantics and patterns m the data related to the two pre-service teachers, a common theme
related to task sequencing emerged. This theme was later redefined for referential adequacy

and was analyzed at the two previously defined time points (Iutial and Second Moment)

SCK Items
SCK Definition (el o151, 2098)
(Ball et al,, 2008) Theme of Analysis
o Lmking
Unpacked representations to
uatbermatical underlying sdeas and to Kaowledge of
knowledge that other representations sequencing tasks in
helps teachers to o Modifying tasks to mathematical
make features of msake them either nstruction to help
mmm content easier or harder students Jeamn
visible to and . mathentics
lemmable by o Connecting a topic
students (p. 400) being taught to topics
bewmg prior or future

Figure 1. Theme in focus of analysis adapted from chamacteristics of the SCK doaain
proposed by Ball et al. (2008).

Participants

Denise, one of the two pre-service teachers m focus of this mvestigation, was 24 years
old and grew up in a small village located in the central region of the country, She was the
youngest sister of three, and her parents were farmers. After completing secondary school,
Denise had worked as a volunteer in a prinary school near her hometown, assisting a veternn
teacher in organizing activities and managing children during lessons. She also had an
opportunity to teach some lessons on ber own when the veteran teacher was absent. In the
questionnaire srvey, Denise stated that she bad no interest in mathematics during bigh
school. At the college, however, she expressed preference for teaching science foundations
and agneulture, two of the school subjects i the Malaws primary school curmiculum. Denise
stated that she wanted (o become a prunary school teacher so that she could be “a moded for
her daughter, allowing her 1o see edweation as very valuable for our life * (Dentse, Initial
Moment—Interview). Demise intended to complete her course and apply for a job in a
prmary school near her bisthplace.

The secoud case study pertamned 1o Martin—a 20-year-old mwan comung from the
capital city of the country. His father was a secondary school teacher and has mother o
housekeeper. Mastin biad some teaching expenience prios to entenng the teacher education
college, and expressed mterest in mathematics during ligh school, as well as preferences for
the mathematics courses ot the teacher education college. After graduation, Martin msended
10 obtain credentins to teach m secondary schools. He explained that bewng qualified 10 teach
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in both prunary and secondmry school “can give mamy apportunities to work, so I can give oy
Samily a better life qualine™ (Martin, Initial Moment—Interview). Despite notable differences
m thew teaching expenence and subject preferences, Mastm and Denise shared a suntlar view
on the importance of the knowledge for sequencing tasks in mathematical mstruction.

The following section 1s divided 1nto two themes, the first of which is titled Meaning
and value of vequencing tasks for mathematical instruction: Inittal understandings, whete the
aim 15 10 examine the pre-service teachers' initial views on the knowledge needed for
developimg a sequence of tasks used to teach a mathematical concepl. As a part of the second
theme—Forms of understanding when reflecting on teaching practice—how the pre-service
teachers develop such inderstanding is analyzed, taking into account their own teaching
expenience.

Findings and Discussion

Meaning and Value of Sequencing Tasks for Mathematical Instruction: Initial
Understandings

In the Intial Moment of the study, the two pre-service teachers (Demse and Martin)
shiared sumilar views on the knowledge needed for sequencing tasks for muthematical
mstruction, defining it as knowledge required to mtroduce new concepts gradually, from
sunple 1o complex. Dentse specifically stated that “the abiliry to make learners wnderstand
the content ix one of the main characteristics of an effective teachting”™ (Denise, Initial
Moment—Interview). She explamed that “souetimes mathematics can be very difficult for
learners, so ¢ good teacher needs 1o korw mathematics very well 1o show learners that it &
wot [difficuls] '™ Then, she clhanificd this argument by saying that “The teacher needs to teach
Srom simple 1o complex, x0 everyone [students] can learn and wse 1! " In making sense of
these statements, Denise pointed out that “teachers can help them [the learners] by giving
amother view, so they can learn mathematics step-by-step.™

In a stmilar vem, Martin stated that “good teachers should know how to design a
lesson in a logical way, from ximple to complex, as in the textbook ™ (Martin, Initial
Moment—Interview). Duning his interview, Martin elabomted on this finther, refemng
specifically to student leaming, “teaching is about helping learners to learn from known to
snknown,” and 1o the teacher guidelines, "the curriculum [the primary school curriculum]
already tells us the simple cancepis that they newd to learn to understand the mare complex
ones, 10 the teacher does wot need to do much abowr it™

The mmportance of appropriately sequencing tasks for mathematical instruction was
clearly recogmized by Demse and Martin. Thus demand for the work of teaching is expressed
in the form of sumple-1o-complex approach, allowing students to gradually master the
comtent. While Denise tended to approach thas task from the students’ perspective, Martin
seemed 1o favor the school curmicular gusdelines. For Denise, commect sequencing of tasks
given to students demands from the teachers a proper content knowledge, as well as
knowledge of students’ capacaties. Martin, on the other hand, conceded such knowledge plavs
a lznated role i teaching, as he clauned that the school cumcuhun already prescnbes how
teachers should mtroduce new concepts and examples during mathematical instruction. At
this stage of the study, Denise and Martin seemed to appreciate distinct but congplementary
features of the knowledge entailed in the work of teaching as suggested in extant literature
(Ball et al . 2008).
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When examined through the lets of Ball et al."s (2008) theory of nasthematics
knowledge for teachmg, Martin®s and Demise’s views resemble some festures related to SCK.
for mstance, “recogmizing what is mvolved m using a particular representation,” “commecting
a topic bemg taught to topics from previous and future Jessons,” and “appraising and adapting
the mathemmatical content of textbooks™ (Ball et al., 2008, p. 400). Moreoves, the “simple-to-
complex™ teaching appeoach, which both pee-service teachers mentioned as the knowledge
unique to teaclhing mathematics in Malawi, seems to rely on the designing of class activities
in line with students” abilities. This particular charactenstic of knowledge is likely to be used
10 carry out teaching taaks, such as “selecting representations for particular purposes™ and
“evaluating the plausibality of students’ claims™ (Ball et al, 2008, p. 400)

It 15 also worth noting that both pre-service teachers expressed the idea of » sumple-to-
complex approach as a way to encompass a twofold goal in teaching: (1) promotion of
students” confidence and ability to solve mathematical probles, and (2) alignment with the
school textbook's standards. These findings provide insight into the understandmg Martin
and Denise have about the knowledge needed to sequence instructional tasks for mathematics
teaching, which is linked to the domaw of SCK in the context of Malawian prmary
education.

Forms of Understanding when Reflecting on Teaching Practice

This section focuses on Denise’s and Martin's insights on the knowledge teachers
must possess m order to appropniately sequence instructional tasks. The examples discussed
here relate to practical situations observed dunng Denise’s and Martin's lessous. The lesson
excerpt analyzed to examine Denise’s perspective pertains to multiplication by 3, while
Martin's excerpt relates to geometnical representation of fractions. These teaching sinmtions,
given in the form of excerpts, were an unportant analytical source, since they were used when
prompting these pre-service teachers 1o consider ways to improve their students” learming of
mathematics

Teaching multiplication by 3. The first excerpt pertains to Denise’s instruction on
multiphication by 3. She began the class by orgamizing her students i groups and asking them
10 provide the solution for the expression 2«3 she wrote on the blackboard. Then, one student
from each group came to the blackboard and answered (by wnting 6 after the = sign), Denise
then drew two sets of three vertical lines (11 11), and explained to the students that the figure
represented the expression 2+3. In the sequence, Denise provided another task for the
students (4+3), followed by four sets of three vertical lines (1 L1111, as illnstoated in
Figure 2.

Figure 2. Representations used by Demse to explamn multiplication by 3
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Denise’s cholce of representing multiplication by 3 is based o the order of
operations. Thas means that the position of cach nunber m the expression determines how
such combination proceeds. In the excerpt below—taken from the post-lesson uterview—
Denise explicates bow she uterpreted this particular model of teaching multiplication.

Excerpt I: Denise’s insights on the order of operations
Interfocutor - Speech

| Resemrcher: Ok, bere you are also teachmg them how to multiply five by
three, but it seems that you are also teaching multiplication
of three by five, is that nght?

2 Denise Yes! But multiplication of three by five 15 at an advanced
level! In Standard 2, we stast with snall mumbers firss,

3 Resemcher. Ok, but somelow you are also teaching multiphication of
munbers by five, aren’t you?

4 Denise Yes! But there is a difference. Here,
this ope [first colurun] represents the

munber of groups and this one [second | Fiest Commn |
colwimn] is the quantity of objects in -
oy 1233
-t d 2-!“-.
§  Resemcher:  So, the goalis .27 "I!:pl
4x3=12
6 Demse: They have 1o understand the meaning, Swipis
you know. ,, the numbers m that . T
positon mean what? First, they [the Second Columm

leamers] bave to find the manber of the
groups, and then, they have to find the

mumber of objects 1 each group.

7  Resemcher:  Hun ... that is why you nsed the same structure throughout
the lesson?

8§  Denise: Yes! Becanse if T change it, it will be different. The learmers
will be confizsed!

9 Researcher.  But they would understand, nght? I mean, they should be
able 1o solve, for example, 3 multiplied by §7

10 Denise: Hum ... maybe! But 1 think it wall be very difficult for them.
They are not used to such expressions!
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Multiplication is one of the four elementary arithinetic operations that reflects one's
ability to perform repeated additions in groups (Steffe, 1994). In Denise’s lesson, however,
teachmg of multiplication seerms to mclude not only the idea of jommyg equal quantities but
also a conceptual understanding of the prnnciples that relate to each expression’s factor (as
indicated in Line 4 and 6 1 Excerpt I). Denise acknowledged that, although both expressions
$»3 and 35 give the same atswer (15), they can be wterpreted to mean of represent two
different situations longitudinal representation in this context mplies that the multiplicand
symbolizes the mumber of groups, and the multiplier the number of wmits i each group. She
also stated that, by changing the order of the expression, the meaning of the expression would
also cluange, resulting m a lesson that is not designed for children m Standard 2 in Malawi (as
indicated m Line 2. 8, and 10 m Excerpt I).

As can be scen from Excerpt 1, multiplicand and multiplier played a substantial role
Denuse’s views on how multiphcation by 3 should be taught m Standard 2. Demise felt that, to
adopt this approach, teachers had to know the commutative property, but this was not
necessary for students to Jeam—an assumphion that mmplies meonsistences regarding the
reasons for teachers 1o possess such mathematical knowledge if it is not used in practice.
Nonetheless, it 1s worth noting that teacher’s gusde for primary schools in Malaws does not
nclude comumtative property as a lesson topic. Rather, teachers and pre-service teachers are
advised to mntroduce the concept of nultiplication gradually. Indeed, sccording to the primary
school curricuium, children in Standard 2 need to leam multiplication by 2 and 3, while those
in Standard 3 and 4 peed 10 leam multiphcation by 4, S, and 6, and 7, 8, 9, and 10,
respectively. In this way, children in Standard 2 leam how to calculate 7+ 3, for example, but
will learn how fo solve 3+7 in Standard 4. The principle of ordening factors according to the
meaning of their positions is adopted in all pnmary school Standards in Malaw.

Such way of conceiving teaching of multiplication gives insight mto Denise’s
understanding of SCK, and specifically the knowledge of sequencing tasks for multiplication
instruction (Line 2) considering the students® academic level (Line 10). Teacher's awareness
of students” capabilities was cited by Denise to justify the ways she chooses to make
representations aid explanations of the topsc. As Denise's goal was not only to mstruct the
stisdents on using a particular method to solve a mathematical problem, but also to teach them
how multiplication works, we assumed that such type of vision, although not well-advanced,
reflects bow she undesstands SCK in a practical teaching sitation. Phallip et al. (2007) also
endorsed such idea by explammg that the knowledge of content and the knowledge of
students can be used as a means to develop a better understanding of what constitutes SCK.
Thus view was also shared by Thanhesser, Staples, Bartlo, Sitomer, and Hexm (2010), who
noted, “Connecting children’s thinkmg and the elementary mathematics curnicnlum is also
constituent of teachers’ specialized content knowledge™ (p. 12).

The next excerpt shows how Denise acknowledges such mode of teaching
wultiplication, as well as its effects on the students’ leaming. We began this particular
session by asking her about the dadactical resources she used for the lesson,
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Excerpt ll: Denise's views on the onder of expressions for teaching multiplication

Interlocutor

Speech

Researcher:

So, you used sticks m this lesson, nght?

Demise:

Yes! [ used sticks i this lesson!

Researcher:

Why sticks?

Well ... For example. last week, T was teaching multiplication of
numbers by two, so | was psng shoes, becanse these objects come
in twos. [ was using shoes, ears, eyes, bands .. so that students
can be fannliar with thiat concept and can apply 1t in everyday life.
1 wanted 10 make them currous and motivate them 10 find objects
that exist in pairs, Now, for theee objects, it is more difficult,
because practical examples are not locally available. So, I used
stonses and sticks because they are more or less similag, | asked the
learners to pack them in threes, and them use those packs to solve
the problems.

How about in Standard 4 and §?

Inn Standard 4, we teach them 1o connt legs of tables, desks, chairs
... and i Standard 5, we use, for example, fingers, toes ...

1 see! So, if 1 am going to teach this topic, do 1 need to know that?

24

Yes! You must know how to model multplication 1o help learners
10 undenstand the menning, Becatse it s valuable for them [the
learners] to know how to put them together and use it to multiply
different groups of objects,

25

But, they wall still multiply different groups of objects according to
their levels? I mean in Standard 2, naultiplications only mvolve 2
and 3, in Standard 3, they leam multiplication by 4 and S ...

Demise:

Yes! According to their levels ... According to the lesson!

The procedure used to multiply mumbers by 2 15 the same as the one adopted when

teaching multiplication by 3. In botls cases, stidents Jearn how to count in groups (of two and
three objects, respectively), which is, according to Denise, necessary to allow students 10
handle real situations where counting of equal groups of objects s required (Line 20 m

Excerpt I1). Her approach to teaching nmltiplication by 3 supported the idea that in nature

objects rarely exist in groups of three (Line 20), Consequently, Denise opined that teachers

should be sware of thus lunitation in order to help students make proper generalizations of the
topic (Line 24).
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According to Dense, teaching multiplication by grouping munbers is a beneficial
approach for teachers, as it allows students to grasp the concepts and properties of
multiplication by 3. However, by aligmng the lesson with her students’ level, she aumed to
develop genemlizations that emphasize the order of operations. In Standud 2, for instance,
leamers are also introduced to wultiplication of two-dit unmbers by 3, such as 113 and
1243, but with products not exceeding 99. Therefote, the idea that learners need to know how
to place objects into groups in order to multiply comectly (Line 24) meant they need to be
able to count groups of mumbers at the level that 1s determmed for them by curnculum
designers. Yet, despte these s, dinag 1o Demse, the notion of grouping helps
students understand the concept of multiplicanon i genernal

Based on these insights, we can see that Denise’s views concernimg the method of
teaching multiplication are congruent with what she understood as an exclusive component of
the work of teaclung. This also aligns with the notion of SCK that allows teachers to
transform content knowledge into pedagogical content knowledge (Worden, 2015). However,
it 1s evident that, accordmg to Denise, in order for teachers to ensure that scholarly content is
understandable for students, teachers need to give precedence 1o certain aspects of the
concept itself, rather than its properties (associative, commutative, etc.). In other words,
Demise's understanding of the knowledge entmbed i the teaching task aligns with the
recotumendations given in the teachers” guide. Nonetheless, she now provides evidence of an
understanding on how abstract principles related 1o mathematical concepts can also benefit
teaching and learning of mathematics in primary education.

Denise’s case indicates that the knowledge shie employs to carry out the tasks of
teaching multiphication rehies primanly on students” ability to develop basic generalizations,
even though this overlooks certam abstract properties that could contnbute to the
development of complex genemlizations. Thus, the notion of SCK., from the perspective of
this pre-service teacher, is only i fragment of the mathematical knowledge that allows
teachers to engage studems in particular activities, involving different ways of representing
and manipulating mathematical ideas towards the understanding of and ability to solve
unusual problems, with a focus on the concepts” particulanities (Hill, Ball, & Sclullimg, 2008).

Representing fractions in geometrical form. The analyses presented m this section
illustrate how Martin understands the knowledge needed 10 seqquence tasks for assisting
stindents” leaming of fractions. Although this can be viewed as one characteristic of a
teacher’s SCK domam, the primary amn is to better comprehend how Martin developed his
understanding of the ways SCK can assist i the teaching of mathematics.

The example in focus of aualysis occurred dunng a lesson on fractions—one
significant topic 10 the prunary school curniculum m Standard 4. Mastin began his lesson by
writing different fractions on the blackboard. Alongside each fraction, be also drew a fraction
bar (or a stnp dsagram) 1n which the munber of squares matched the value of its respective
denominator. Martin explamed: “The goal of the lesson was to make students explove ways 1o
represent fractiony in geometrical formar™ (Second Moment —Post-lesson Interview), a type
of abality that belps them “to develap a notion of parts of a whole” (Second Moment—Post-
lesson Interview). Figure 3 shows five mndomly chosen students working on the blackboard
to complete the fraction bars proposed by Martim,
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Figure 3. Standard 4 students filling out stnp diagrams accordmg to their respective frachons

As expected by Martin, the students completed the task wathout any problems, as
“most of them were alveady familiar with thix npe of representation. ™ Once this task was
completed, Mastin provided three similar exercises, with the exception of the last one, in
wihich bars were perpendicular 1o each other (Task 3 m Figure 4)

Figure 4. Students” response to Task 3 regarding represennng fractions m geometncal fonm

In Figure 4, the student on the left failed to complete one piece of the columm m
Duagram 3. As the stnip diagranns o all previons figres was presented borizontally, students
were required to provide almost identical answers. However, in Task 3, the
horizontal-vertical combination of bars necessitated that students consider different forms of
representation. The particular form of representation given by the student above was
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13

discussed i1 the post-lesson mterview with Murtin s order to explote Martin®s thoughts on
the response provided by this particular student.

Evcerpt HHI' Martin s understanding of conmections among tasks fo assist students ' learming

Iterlocutor  Speech

1 Researcher:  In thas sitvation, why did that student choose 1o do tha? Do you
think thas was a mistake?

2 Mamm: Yes! This was a mastake. She was supposed to put them all
together not isolated!

3 Researcher:  But ... Jook at the answer ... 15 1t not the same?

4 Mamtmn: Yes, the answer is the same, but | wanted her to put all colored
stnips together.

§  Resemcher:  Why?

6 Mutm: Because ... you know ... we need to follow the textbook,
otherwise, the others [students] will be confused!

7 Rescarcher:  But ... dd you tell them you wanted all colored blocks 10 be
Jjoined together?

8 Mamn No, [ did not! But I should have done that! It could avosd this
mistake.

9 Reseacher: Ok ... so, for this particular student, is there anything you could
have done to help her?

10 Mastin:

Yes, 1could have added another example before this one, a
simpler one. Like this

Martin (llustrated hix idea by drawing the following figure.

2) I T 4/8

_.h s

3)
8/9
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11 Martin: So, you can sec that this example 1s much casier than the last one.
So, it would help lesners to understand and solve mote complex
problems like this one. [Martin points to the figure in Item 3 that
represents the 89 fraction)

12 Researcher:  Hum ... Ok! But here ... tn this sitmation, would you not consider
what she did as comrect?

13 Martin. 1 can consider it, but sometimes 1t is very hard to know what the
learners will do ... That's why I think it is valuable, first, to focus
o the textbook.

14 Researcher:  Inferesting! So, if 1 come to Malawi as a teacher and decade to teach
this content m Standard 4, what should I know? What should 1 do?

15 Matin: If you are going to teach this topic in Malawi, you nwust coussder
what leamers already know and use the textbook as the mam
reference.

It ts cleur from Martin's response that be sees the student’s answer as incorrect
purely because it does not conforn to the prescnibed miles. He also highlights the unportance
of following the textbook to ensure that every student can develop a sense of grouping and
make complex geometncal representations of fractional numbers (Lise 11 i Excerpt 1), In
his view, “it can be hard for them to count the bars (f they don't put them together, as I said,
they can get confused ™ (Second Moment—Post-lesson Interview). To sustain this argument,
Martin conceded that the students might have developed a better understanding of the task if
lie hiad explained to the stidents before the assignments that they needed fill the bars withowt
leaving any gaps between them (Line 8 in Excerpt 11T). Martin also acknowledged that, as
students need proper gmdance, teachers must conduct mathematical lessons in a logical way,
s bong as this 15 in lne with the directions provided in the textbook for that particular grade
(Lines 13 and 15 m Except 1)

Providing easter nnd connective tasks for students to solve complex mathematical
problems emerged as a new level of thinking related to sequencing tasks for instnxction. To
better help his students to understand and represent fractions w different dingram forms,
Martin suggested an extra task (Line 10 i Excerpt [11) smilar to the crossing-strips network
proposed 1 lem 3 (Figure 3), but with a reduced number of bars. Such figure, according 1o
Martin, would not only belp leamers to consider the mdividual strips conjointly, but would
also mitigate possible difficulties m solving problematic situations i the classroom. “They
[learmers] also kave to know kow 10 apply what they learn in the classroom in other diverse
sitwations, wot only i what is commaon to them, ” Martin commented.

Although the mtermediate task proposed by Martin would not pecessanly avoud
confusion, as the figure representing the fraction 4/S (Line 10 in Excerpt I1T) can also prompt
stiadents 1o draw bars 1n a crossing-strip dingrun separately, 1t still pomts to aspects that
should be considered when sequencing tasks for effective mathematical instruction. This way
of thinking seemms 1o be related 1o the idea of selecting and designing class activities (Rivas,
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s

Godino, & Castio, 2012) snd modifying tasks to be both easier and harder for the students—
two crucial charactenstics for teaching mathematics that require SCK (Ball et al., 2008).

The design of Martin's lesson, therefore, suggests a progressive understanding based
on vistal representations of particular mathematical content. Onee stixdents are capable of
solving tasks mvolving honzoutal bar repeesentations of fractions, they can start 1o solve
mote complex tasks that eventually maght go beyond textbook content (Line 11 in Excerpt
111). According to Mastin, the knowledge of the tasks mvolved m such a transition s
fundmnental for any teacher who auns to help students to build upon knowledge they already
possess (Line 15 in Excerpt I, Mareover, expanding, reducing, or modifying a lesson based
on students” abilities seems to play o significant role in Martin®s ways of understanding SCK
in peactice. Martin not only searches for ways to help students to make sense of nathematical
content, but also continmally assesses students’ content knowledge to capitalize on it in his
new proposals for mathematical tasks.

Conclusion

The work presented here provides imsights into pre-service teachers” understanding of
the knowledge entailed in the work of mathematics teaching. This issue is prevalent and
demands attention in teacher education research. The article focused on the knowledge
demands for sequencing tasks given 1o students i mathemanical mstruction, a particular
componsent of teachers” SCK (Ball et al | 2008), Findings yielded by analyzing data
pertainmng to two Malawian pre-service teachers, collected at the beginning of their teacher
education and during teaching practice, suggested that these pre-service teachers gradually
developed their understandimg of what is entailed in the work of sequencing instructional
tasks, as they reflected on teaching practice. In this sense, although pre-service teachers
develop different forms of understanding throughout teacher education, they appeeciate the
relevance of such knowledge for teachers to meet students” needs and cirniculum
requiretnents.

Several studies about the knowledge needed for teaching can be found in the
literture. Shll, very few authors have examimed how teachers and pre-service teachers
acquire and develop an understanding of such knowledge. This is particulasly relevant u the
Malawian context where the teacher education programs are under development. The present
study provides pedagogical imphcations for the pre-service teachers” education in
mathensatics. Teacher educators could use the information provided in this article 10 design
activities for pre-service teachers to reduce misunderstandings or discrepancies with the
knowledge mvolved in the work of teaching. In this context, greater swareness of pre-service
teachers” cognitive development could mform which strategies would facilitate acquisition of
new theoretical constructs and their use in practical spplications.

Howevet, it is acknowledged that the present woek is neither exhaustive nog
comprehensive. Although capturng a sigmficant portion of the problem in question, a much
laager tesearch landscape is needed to examine other types of knowledge embedded m the
work of teaclung mathemancs. Unpacking the complexity and dynanzics that encompass the
teachers’ Jeaming during teacher education is a first step toward effective teacher education
proposals as well as the design of valuable institutional policies for education,
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An Analysis of Pre-service Teachers' Understanding of the Knowledge
Necessary to Teach Mathematics: A Case Study in Malawi
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Abstract: Recent stidies on teacher knowledge have focused on descnibing the
knowledge needed for effective teaching, but kittle attention has been given on
how pre-service teacls juire and develop such knowledge as a part of feacher
echication prograsns. This gag tn the extant ch has d the present
case study, focusing specifically on how pre-service teachers dovelop an
nnderstanding of ihe knowledge needed 10 carry out tasks of mathematics
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teacher training. The study findmgs bave inplications for wew methods for
preparmg pre-service teachers for the work of teaching in primary schools

Keywords: Mathematics education; pre-service teacher education. teacher
knowledge. specialized knowledge.

Introduction
Quality teacher education is essential for equipping pre-service teachers with the
knowledge and skills necessary for preparing the next generation 1o face and resolve
current and anticipated societal and environmental problems and become proactive
contributors 10 a wore just, peacefisl, tolerant, inclusive, secure, and sustamable workd
(UNESCO, 2014), In UNESCO’s (2016) Sustaimable Developurent Agenda for
Education towards 2030, adequate supply of qualified teachers is scen as essential to
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e

accomplishing all its SDG targets’, mcicating that attention should be given to the
professsonal trniniug of teachers, especially those in disadvantaged areas,

Shortage of qualified teachers is a major n Malawy——one of the poorest
countries 1 Sub-Saharan Afnica—especially following the adoption of free primary
school education to all children in 1994, which resulted i a dramatic mcrease m the
enrolment (Wamba and Mgomezulu, 2014). Currently, the average teacher/pupil mtio is
1.77, but can reach 1:150 in schools located m rural of remote areas (UNESCO, 2019).
Although the 1994 decion was a sagnificant step toward free access 1o pramary
education 1 Malawy, it also created a quantity -quality trade-off, as manifested m a lack
of classroom spaces, scarcity of teaclng and leaming matenals, and nsufficiency of
teachers (Wamba and Mgomezulu, 2014),

In this scesario, the Malawian Initial Prumary Teacher Education (IPTE)
progrun appeared as a promusing solution to uuprove the quality of education offered to
prmary pre-service teachers (Malawian Institute of Education, 2010). The pre-service
teachers enrolled in the two-year [PTE program benefit from a combmation of college-
based education and teaching practice in prunary schools. The aim of the IPTE program
is to cnsure that, upon graduation, pre-service teachers are “academically well-grounded
and professionally competent™; “flexible and capable of adapling to the changing needs
and environment of the Malawian society™, and “capable of creating and utilizing
locally available resomrces suitable for the needs of thewr learners™ (Malawian Institute
of Education, 2017, p. 3)

The tmportance of combining theory and practice in the preparation of pre-
service teachers 1s well recogmised (Gravett and Ramsaroop, 2015; Korthagen, 2010),
but Iittle 15 known about the unpacts of the IPTE programn on the level of preparation of
prunary pre-service teachers m Malawi (Kasoka, Jakobsen, and Kazima, 2017). For
example, a recent study conducted by Jakobsen, Kazima, and Kasoka (2018) mvolving
all eight teacher training colleges (TTCs) in Malawi revealed that the pre-service
teachers’ level of mathematical knowledge for teaching was low, especially the
knowledge needed to handle typical classroom situations. Thus, the authors called for
more research not only on the IPTE cumculum, but also ou the pre-service teachers’
leamning process dunng teacher trainimg (Jakobsen et al, 2018).

The present study, as a part of a larges rescarch project, was guided by the
question: How do Malawian primary pre-service teachers develop their understanding
of the knowledge needed to carry owt the tasks of teaching mathematics? It focuses on
data of three pre-service teachers during their teacher training progratn, which was
orgamsed into themes and analysed from the perspective of the theory of mathematical
knowledge for teaching (Ball, Themes, and Phelps, 2008). The conceptual framework
and related research m the field are addressed i the next section

' UNESCO"s agenda contains 17 sustaimable developnsent goals (SDGs ), mumber four of which
18 global access 1o education wikich inchudes ten sub-targets such as Tasget 4 1! Primary and
Secondary Education, and Target 4.C Quality of Teacher Education
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Theoretical Framework and Literature Review

Research on teachers’ knowledge dates back to Shulman's investigation of
pedagogical content knowledge (PCK), defined as n “knowledge base that any teacher
needs for teaching a content™ (Shulman, 1987, p. 4). Shulosan (1986) considered it as
“the most useful ways of representing and formulating the subject that make it
comprehensible to others” that “mcludes an understanding of what makes the leammng
of specific topics casy oe difficult™ (p. 9). Since then, Ball et al. (2008) have worked to
give a more comprehensive description of the mathematical knowledge for teaching.

Mathematical knowledge for teaclung combines subject matter knowledge
(SMK) and PCK m mathematics. PCK s divided into knowledge of the content and
cumcnlum (KCC), knowledge of the content and students (KCS), and knowledge of
content mud teaching (KCT), whereas SMK comprises of cotmon coutent knowledge
(CCK), honizon content knowledge (HCK), and specialized content knowledge (SCK).
Ball et al (2008) described SCK as a unsque component to the work of teaching,
whereas CCK can be used in arcas other than teaching. According to Jakobsen, Thames,
Ribeiro, and Delaney (2012), SCK 1s distinet from HCK, which refers to “An
onentation to and familiarity with the discapline (or disciplines) that contribute to the
teaching of the school subject at hand, providing teachers with o sense for bow the
content being taught s situnted m and contected 10 the broader disciplinary territory™
(p. 4642).

Thus, SCK 1s the type of the knowledge and skills that make “features of a
particular content visible and learnable by students™ (Ball et al., 2008, p. 400). Such
knowledge goes beyond content knowledge itself, as it "addresses both mathematics
substance and pedagogical appropriateness,” miming to unpack “a mathemaucal concept
1o its subcomponents to make it comprehensive for children™ (Ding. 2016, p. 2), as
shown in Figute |

Presenting mathematical ideas

sponding 10 stodents” “why™ )
Findung an cxample 1o make a specific mathematical point
Recognizing what is involved i tsing a particular representation

Linking repe o underlying ideas and 1o other repeesentations
(mmanMlmMMW«Mcym
ical goals and purp 1o parents

prwmdukwnumcwwoncm-nh
Modifying tasks to be cither casier or harder

l;nl:-uqthephuihlnyoﬂdcm chuu(oﬁquuy)
Criving or evalual
(hoqum”mbkddhnw

Using mathematical ion and language and critiguing its use
Asking productive mathematical questi
Sclecting representations for particnlar purposcs
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Figure 1. Mathemntical tasks of teaching wentified by Ball et al. (2008, p. 400),

SCK has been widely acknowledged as a crucial component to develop m
teacher education (Ding. 2016). Yet, how pre-service teachers think about SCK's stems
they are supposed to acquire in order to teach effectively rermams pootly understood
(Chnpman, 2015; Ferguson and Brownlee, 2018, Mosvold sad Fauskanger, 2013),
Addressing this gap would help deternune not only the refevance of such knowledge for
pre-service teachers and if they fully understand the role of theories in teacling practice
(Allen and Wright, 2014; Kwenda, Adendorfl, and Mosito, 2017), but also whether or
not they can understand the problems and situations that happen m classrooms, why it
happens, what ought to happen, and how they can overcome those problems (Chaprman,
2013).

Prior research on teachers’ knowledge for teaching has involved epistemic
beliefs about the certainty of teaching knowledge (Ferguson and Brownlee, 2018),
perceptions of teachmg knowledge dunng teachier education (Author, 2019),
construction of ideas about knowledge and teaching (Kroll, 2010), knowledge and
beliefs of students” prior knowledge and the potential to develop new knowledge while
solving mathematical tasks (Lee, Coomes, and Yim, 2019), changes in beliefs about the
tesching and leamung (Tillema, 2006), and the development of muthematical knowledge
for teaclung teachers (Jankvist, Clark. and Mosvold, 2020). Such a body of work has
contnbuted with relevant msights beyond what teachers are able or not able to do w the
classroom. These msights have focused on emergent 1ssues regarding the knowledge
demands entailed 1n the work of teaching as well as on the nature of mathematical
knowledge teachers and pre-service teachers hold; how and why they hold it; how does
it develop: bow and when do they use it m practice; bow can it be supported, changed,
o enhanced to carry out tasks of teaching effectively (Chapman, 2013). Following this
line of inquiry, the present study astns 1o contnbute to this filed by ascertaining how
Malawian primary pre-service teachers construct and develop thetr understanding of the
knowledge necessary to carry out tasks of teachmng m mathematics.

Methodology and Data Analysis

This qualitative case study (Stake. 2006) involved three pre-service teachers—
Demse, Martin, and Mano (pseudonyms)-— that enrolled m 2018 m the two years
prmary teacher education at one TTC in Malawi. While the participants” profiles differ,
all three had a stmilar level of prior teaching experience. Dense developed interest for
teaching mathematics and science at the TTC, Marmn enjoyed leaming mathematics m
high school, which spurred his interest in teaching at the TTC, while Mario had never
shown any interest in mathematics.

The study was conducted i three different time poiuts (mmoments) of the two
year teacher education (three plus three termy). The moments are labetled as Initial
Moment (IM), Second Moment (SM), and Third Moment (TM). The first moment
occurred at the beginning of the teacher education program that took place at the TTC
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(first two terms). It consisted of a questionmaire survey that mchaded a list of open-
ended questions about teaching experiences, subject preferences during hugh school, and
teaching preferences duning college. The questionmaire also contained a Likert-type
scale table (Krosnick, 1999) in which pre-service teachers rnked the tmportance of
SCK items (from extremely important to not important) i the context of Malawi. Next,
the pre-service teachers took part in individual interviews, where they provided reasons
and examples for their questionnaire responses.

The SM moment occured dunng thesr supervised teaching practice (termn three
and four) and meluded observations of the preservice teachers” teaching of lessons and
post-lesson interviews. The lessons were video-tecorded, and the SM post-lesson
miterviews focused on the teaclung tasks that were identified dunng the pre-service
teachers” teaching. and the type of knowledge used (or that could be used) to carry out
thosce tasks effectively m the classroom. The T™M phase, conducted at the end of the
teacher traimng (tenn five and six), consisted of a focus group discussion (Krueger,
1998) involving all three pre-service teachers. The discussions covered both the
questionnaire responses and specific episodes from the teaching expenence m schools
The goal was 1o determune the level of pre-service teachers” undenstanding of teachmg
knowledge and its evolution over tune. Table | synthesises all study procedures

Table |
Momentx of Inveatigation and Data Collection Inxtruments

Terms 1 and 2: Terms 3 and 4: Terms 5 and 6:
Theoretical courses  Teaching Practice | Students come
at the TTC In primary schools | back to TTC
Moments Tnitial Moment (IM) | Second Moment Third Moment
(PO) (T™)
Data collection | Questionnaire (open | Systematic Focus Group
Instruments questions and like- Observations of Discussion
scaled quiz) and mathematics lessons
individual mterviews | and individual
mterviews after
lesson

The data was thematically analysed (Brmun and Claske, 2012) Two themes

mitinlly emerged from the list of SCK's components, as shown i Figure 2, These
themes respectively pertained to the pre-service teachess’ understanding of (1) the
knowledge needed to carry out instructional tasks m the classroony, and (2) multiple
forms of mathematical representation. Both themes are associated with the nature of
content development (Ding, 2016), a central characteristic of the SCK that relates to
“topic-specific and includes knowledge about alternative ways to think about a concept
and identifymg mathematics present in mstnxction” (Clunnapan, White, and Trenholm,
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2018, p 147)
SCK's Components
(Ball ot al, 2008)
Themes of Analysh
SCK definith Linking representations e
] underlying ideas and 1o
(Ball et al, 2008) other representations; Knowledgeof
» nstructional tasks
h.hdllym.gmhmln || progressionto help
Unpacked cither casier or harder: student to solve
matbematical Appraising and adapting mathematical
knawledye that belps the mathematical content problems
teacher 1o make of textbooks.
festures of part)
content visible to and R
lcamsble by students’ Mll‘ matbematical
(p 400) hdoas: Ability 10 wse locally
Selecting rope e iecesto
for pueposes; | create mhp.e{ .
Koowiag dillerent ’ e
teaching methods:
Using a vancty of strategy
10 help tudents 1o solve
mathematical problems,

Figure 2. Thetnes of analysss adapted from SCK donsawm chamcteristics proposed by
Ball et al. (2008).

Findings and Discussion

Data analysis reported m this section focuses on the ways pre-service teachers
develop their understanding of the knowledge needed to carry out tasks that are unique
to the work of teaching mathematics.

Knowledge of instructional task progression to help students solve
mathematical problems

Ability to sequence mstructional tasks m a manner that facilitates leaming
toward the lesson objective is a crucial chamcteristic of effective teaching (Hebert,
Landmn, and Solmon, 2000). Thus, this first theme related to the knowledge needed for
effective progression of tasks in mathematical wstruction. For Jenkins and Veal (2002),
“effective task progression, or extension, requires the teacher to see the content through
the student’s eyes” (cited in Jenkins and Haefuer, 2011, p. 48) and adjust the content to
stndents” level of inderstanding.
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In this theme, Denise and Martin acknowledged that tasks should be presented 1o
the students in an easy-to-difficult simple-to-complex sequence, and both gave
examples (drawn mostly from therr experiences) of how teachers can organise tasks m a
progressive way to help students solve mathematical problems. However, their
understanding of the knowledge needed 1o carry out this task differed significantly.

The case of Denlse. In the IM individual mterview, Demise expressed a
broader view of the relevance of the knowledge needed 1o carry out task
progression: “The teacher needs 1o know bow 10 teach from sumple to complex, so
everyone [students] can learm and use it [the content].” However, afler Denise's
teaching expenience, she acknowledged that “teaching mathematics from simple
to complex does not mean divide the lessons into sections and that’s it It means to
think about it in a way leamers can understand the content gradually . . . so they
can solve problems step-by-step™ (Denise, SM post-lesson mterview). Duning the
T™ focus group discussion, she explained that orgatising tasks for stidents in
mathematical lessons should focus on “helpmg leamers to see the steps as a
whole. ... They [students] need to understand that, 1f they cannot solve a problem
at once, they should divide the problem into parts, so they can solve it one by one.
Later, they put everythiog together as # whole. . . . When you gave, for example, a
problem hike two plus three multiphied by four minus three, it can be very
confusmg for the learners. They can solve first two plus three, and then four
minus three. Later, they can solve the multiplication and so on.™

Excerpt I complements these prelunmary findings and shows how Dense’s
understanding of the knowledge needed to sequence mstructional tasks has evolved
(highlighted i bold) st the TM momernt. Numbers on the left colunm of the except
helps to sdentify the traces of this development.

Excerpt I Denise s conuments during the TM focus group discussion,
Interlocutor  Speech

I Researcher: Do you think your idea sbout teaching from simple-to-complex
has changed since we first met?

2 Denise: Yes, 1t has changed a lot! At the begmning 1 tried 1o do what my
secondary teacher did, you know . . - but wow, £ think it is not so
easy. It is more than using simple words. You shonld tlink I
the learmer will receive the message. 13 there 100 much
mformation bere? How we can make easy for them to understand
11? Should they learn this first? How about o this? A good
teacher muxt know 11!

3 Rescarcher: Ok, you gave the example of two plus three multiphed by four
mams theee. This is supposed to be taght in a higher class, nght?
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Why did you give this example when I asked you about teaching
from sunple-to-complex?

4 Demse Yes, that example 15 from a much more advanced level. We used
1o teach it in Standard § [$* grade] and 6 [6™ gmde] T used it
becanse reaching from simple-to-complex Is a very effective. Bur
of conrse ir can be downe in many ways, you know . . . Forme,
the teacher has to think about what is best for the atudents. 1t s
not oaly about dividing the lessons into segments. Ty shonld
kwaw why you are doing it. The learners showld also keep in mind
what ix the main goal and win you are dividing it, wiy you are
doing it step-by-step

Denise’s responses n Excerpt 1 illustrate bow her views changed as she
progressed through her teacher education She stated that teachers should think how
learners acquise the content (Line 2 m Excerpt I) and acknowledged that teaching from
sunple 10 complex 1s not a sunple task (Line 2 in Excerpt 1), so an effective teacher
should be capable of making content gradually accessible to the students, allowing them
to solve mathematical problems (Line 2 in Excerpt I). This view aligns with a direct
approach to teaching that includes both instruction design but also alignment with
students’ needs. In this context, o teacher can break down the content into meaningful
and appropriate segments 1o assist students’ understanding of the mathematical content
(Line 4 in Excerpt ). The knowledge needed to carry out this task seetus to inchude
elements of an explicit form of mathematics instruction that is itentionally and
logically organised (Archer nnd Hughes, 2011). Such knowledge manifests as
systematic expertise with the emphasis on proceeding in small steps, and checking for
students’ umderstandig, with the goal of promoting their problem-solving skills and
reasoning (Line 4 in Excerpt 1)

The case of Martin. Another pre-service teacher who gradually developed
his understanding of task progression was Martin. In his first interview as a past of
the IM, he asserted that “as the teachens® guide already tells how the content
should be taught, there is no need for the teacher to do much about st . It 15 very
snportant to follow the guide.” However, Martin's view changed as he gained
practical expenence teaching mathematics. In his PO post-lesson mterview,
Martin acknowledged, *'1 saw no conmection between the examples in the
teachers’ gande, so 1 had to include my own examples.”

Martin's decision 10 complement teachers” gude with bis own examples marked
u considerable shift wm attitude. While this is a positive outcome, Zuya, Kwalat, and
Attah (201 6) cautioned that such practice might mfluence student leaming negatively if
the teacher has Jow sense of mathematics teaching self-efficacy. This negative side of
wstructional tasks emerged m the focus group discussion during RP, when Martin
observed, “The teachers” guide 1s very useful, but of course it cannot predict everythung
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1w the classtoom. . . . Teachers need to ask themselves: “Will this [example] belp the
learpets 1o understand the problem?’ Can they [Jearners) see the connections?” If not,
the teacher should decide what can be meluded 10 make it easser to the learners.”
Excerpt Il complements this evidence,

Excerpt I Martin's comments during the TM focus growp discussion.

Interlocutor

Speech

1 Martinc

When I was planning the lesson, I noticed thut some examples
were too far from the others, so leamers were having problem in
understanding it [the content). Thev cowld not see the
connections betweer one example and others . So, | started to
think why they have no problem wniderstanding this example, but
they lunve problem understanding this one It is practically the
same thing, but this ane ix slightly different. Then, T tried 1o help
them with my own examples.

How do you create these examples?

Well ... Ltry 10 look ai the content as (f ] am learning it for the
Sirst thme, right?

Interesting!

S Mamn:

For examuple, if 1 am teaching mn Standud 4, 1 thnk: Ok, 7 am o
Standard 4 learner, and | already know this and this. So, what
do I need to do to solve this problem?" .. And if ] see that the
tecchers” gulde 12 not enough, I try to find other ways 1o help
them to learn it.

But how do you know whit they need to leam?

You know . .. asking them what thoy already know about the
content, what they find difficulr. And later, somebow, you will
discover what ts importam for them 1o succeed)

This excerpt from the TM focus group discussion illustrates that the way Mastin
perceives the knowledge needed 1o carry ot task progression evolved from IM and SM
to TM. Initially, Martin believed that the teachers’ guide should be strictly followed
when conducting lessons i prunary sehool classrooms. However, dusing teaching
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practice, Martin realized that the knowledge of the cumiculum was wsufficient to carry
out teacling tasks, confirming the limitations of isolating knowledge components in
teaching (Hill, Ball, and Schulling, 2008).

To camry out instructional task progression, Martm argued that the teacher needs
10 be able 10 wdentify and predict any problem or difficuity students mmght encounter
during the lesson, for instance, inabality o link examples provided in the teachers® guide
(Line | in Excerpt 1) and how students might recognise the similanities and differences
mmong examples within the lessons (Lises | and S, Excerpt [1). Moreover, Martin
opisred that teachiers needed to make wse of the knowledge of content and students
(KCS) to decide how to organise and present the tasks in the classroom (Line 3, §, and
7. Excerpt IT). Those views revealed that Martin's understanding of the knowledge
needed to carry out instructional task progression ot the TM was aligned with a
particular SCK chamactenstic: “an unpacked mathemancal knowledge that involves
miking features of particular content visible to and leamable by students™ (Ball et al,,
2008, p. 400)

Ability to use locally, available resources to create multiple representations

Ball et al. (2008) discussed in detail the knowledge needed 1o represent
mathematical ideas in age-appropriate manner, which is a special knowledge component
for teaclung mathenatcs. Hudson and Miller (2006) opmed that representations can be
categorized as concrete, pictorial, or abstract. For mstance, 1f o teacher uses a plastic
cube to represent problems on a basic operation s(he) 1s utilizing concrete representation
of the concept of operation. A picture of the plastic cube will be a pictorial
representation while numbers or symbols will be abstract represeutations. Each of these
calegories possesses unique chametenstics that contnbute to the teaching and leaming
of mathematics.

The discussions that follow provide msights into how Mario-—a pre-service
teacher with expenience in teaching but with no interest in mathematics—developed s
understanding of the knowledge needed 1o teach mathematics during teacher education.
He did not only acknowledge the mmportance of knowing about how' 1o represent
msathermatics ideas but also demonstrated unique grasp of the vakie of understanding,
creating, and using different forms of representation when teaching mathematics,

The case of Marfo. In hus IM’s interview, Mario expressed an mtuitive
nterpretation of the knowledge needed for mathematical representstion: “It is
very unportant for teachers to know how to mtroduce a concept. They must think
of many ways of doing it so leamers can leam the content. For example, you can
use locally avatlable resources to represent numbery, fractions, and operations. .

In Malawi, it is a very effective way for larger classrooms as we have here. .
When you show the learmers how many forms a concept can take, they will see
and use it 1o solve real-life problems.” At this mitial stage, Mano seemed to
apprecuate the value of mathematical representation as a way of fostering
stisdents’ leaming of mathematics. When asked about the relevance of such
knowledge to the teacher, Mastn stated: “It will make teachers better prepared to
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teach the topics. But you know if they know different strategies, they wall be
able 1o assist as many learners as they can.”™ This i in line with the arguments put
foeth by Greeno and Hall (1997)

Dunng teaching practice, Mano's understanding of the knowledge needed for
representing mathematical ideas expanded to mclude a new aspect—the comnections
between mathematical representations. An example from Manio's teaching ilhustrtes
how Marnio interprets a situation froen which he introduces the concept of perimneter to

Standard S students by wsing different forms of representation. He first shared o story
with his students about John who was asked to calenlate the total length of a bent wire
As he was telling the story, Mario made use of a cardboard television he had made for
this purpose with intent of captuning students” sttention (see Figure 3)

Figure 3. Manio using a cardboard television 1o introduce the concept of perimeter

As the story progressed, Mano actively engaged students 1n a discussion about
John"s problem. To help them find the answer, Mano drew a tnangle on the blackboard
with sides measuring 4, 6, and 8 cm, respectively. Below the drawing, be used these
viloes to show how the penmieter is calculated (see Figure 4). Once the students agreed
that the answer was 18 ¢, Mano, using the cardboard TV, told the students that Joh
brought the bent wire 1o his home, put it on the table and straightened it, so that he
could measure its length. The story ended with John coming back 1o school and telling
the teacher bis findings. At the end of the lesson, Mano emphasised that the strategy for
calculating the beat wire's length could be applied to other forms or objects. Then, he
presented his students with a drawing of o rectangle measuring 15 < 6 cin, prompting
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them to calculate its peruneter. A female student went 10 the board, checked the
rectangle dunensions and aswered 42

Figure 4. Representations of the concept of penimeter produced by Mario

Durimg the post-lesson mterview, when Mano was asked about his mtentions i
using mmltiple representations to mtroduce the concept of penimeter, he responded
“Many learners in Malawi don't know how 1o solve problems. 1 tried to make it
[peruneter concept] meanngful, so they can thank of the content w many ways and use
1t 1o solve problems” (Marso, SM post-lesson iterview)

In Mario's initial understanding, creating opportunities for students to mterpret
the concept of peruneter through multiple representations seemed 10 play a crucial part
in the teaching knowledge. This ts a special component of mathematics teaching, sinee
concepts and procedures are enhanced m teaching 10 help students consider not only
concrete but also pictonal and abstract representations, For Mano, “As the result is the
same, the teacher can help leamers to sec the content m different forms. In my case, |
introduced perimeter in the form of a bent wire, a tnangle, an expression, a straight line,
and a rectangle™ (Mario, SM post-Jesson interview)

The experience of teaching perimeter i a Standard $ classroom contnbuted 10
Mano's understanding of what teaching nssndstes i terms of knowledge Working with
multiple mathematical representations gave hum useful msights mto students’ reasommng
when solving a problem, in line with arguments put forth by Greeno and Hall (1997)
Manio's undenstanding of the knowledge needed 10 wse (different) mathematical
representations in classroom evolved beyond not only what he was being taught at the
TTC but also what the teachers' guide suggests for mathematical instruction. Locally,
available resources were used by Mano as a complementary ool 1o introduce
mathematical ideas. Seeing their practical value motivated Mano to design concrete
sctivities through which students could develop a more robust understandmg of
mathematics. In this sense, Mano's knowledge of multiple representations seems 1o
have equipped him with useful mental models of his students” appreciation of the
relationship among concrete, pictorial, and abstract mathematical representations (Adu-
Gynmfi and Bossé, 2014)

In the last phiase of the study (TM), Manio demonstrated emergence of new
msights mto the knowledge needed 1o carry out multiple representations in the
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classroom. The following excerpt shows how Mario recogmsed such knowledge as o
useful source for teaches to promote generlisation of wathematical concepts. The
excerpt was extracted from one of Mano's responses 1o the T™ focus group discussion

Excerpt 1. Marto'y views during the RP focus group
Iuterlocutor ~ Speech

Resecarcher:

Marno, what are thie benefits for a pramary school teacher 1
knowing different forms of representing a mathematical idea”

-
-

Mano:

Teachers can explore the comections berween these different
Sorms and their use in the claxsroom. They can think in new wayy
of waching the content . ., For example, when | was teaching the
concept of penmseter i Standard S, 1 tried to create a sitwation
that they [learters] could study the concapt from different
perspoctives. So, (f a leaner does nor understand one way, he or
she might understand the other. |...] The main chameter, John,
wias asked 1o measure the total kength of a bent wire. Later there
wits 2 tiangle . then, he made 2 strught lne of that mangle aind
then he calculated the sizes . . . mamy wavs of thinking about
perimeter.

So, you moved it from simple to complex. nght?

Yes, | gave it from concrete to abstract!

Why? You could just follow the teachers™ guide, nght?

Yes, Ieould just follow the teachers’ gude, bust / wanted them 1o
understand what perimeter means and why i1 is important. So ]
wsed the teachers " guide and other ideas to introduce the concept
of pertmeter. I created it and I think it was different!

But what aboul the *proof™? You also included it in the story, and
later, you showed them a different object, a rectangle.

Yes, 1included proof in the story because f wanted them 1o make
sure they have the right answer so they can avoid mistakes. And
the rectangle, T included it so they can generalise it to other
Sforms, not only a triangke! In Malawi, it ts very common for
chuldren to be asked about distances between places or areas of
land. It somehow includes the idea of the perimeter, 5o 1t is very
unportant for a teacher not 1o give the definution nght way,
Otherwise, he or she will confise them,

Excerpt [11 indacates that, in Mano's view, the connections between different

forms of mathematical representations help teachers to think about their lesson from

203



Appendices

"

different perspectives (Line 2 in Excerpt 111). By explormg sunilanties and differences
among representations, teachers can introduce non-standard situations 10 prospt
students to thik about the connections between different forms of the same concept
(Line 2 m Excerpt I11). Whalst teachers benefit in gaining knowledge about principles
and refations between different forms of the subject matter, stdents benefit from
learming different approaches that might hielp them better understand mathematics. For
Mario, such knowledge about conpections Afong rEpresentiions wis a necessuy
component m teaching that, in addition to knowledge of the cumcuhun, led to the
onguality of las Jessons (Line 6 1 Excerpt 111).

Mario's understanding of the knowledge about mathematical representation also
seems 1o be driven by the specific purposes of promoting generalisations (Line 2, 6, and
8, Excerpt I11). One of these aspects 1s the production of meaning of the representations
(Line 6 in Excerpt [11). Such knowledge builds bridges from teachers” personal
representations 10 a more conventional one (Line 2 and 8, Excerpt 1), contributing 1o
changes i beliefs about teaching (Tillema, 1998). These approaches can foster the
development of genemlisations of mathematical concepts, a crucil aspect when
chuldren are learnmg about abstract concepts (Vygotsky, 2000).

Conclusion and Implications

As SCK has been widely recognised as essential for teacher education, there is a
great need to comprehend how pre-service teachers acquire and employ SCK in
mathematics teaching This anticle contributes 1o this body of literatuse with an
examination of the understanding primary pre-service teachers in Malawi develop about
the knowledge needed 1o canry out 1asks of teaching mathematics. Two themes that
emerged from the data and related SCK tems were analysed n the form of knowledge
of instructional task progression and ability to use locally available resources to produce
multiple representations. The findings revealed that pre-service teachers developed a
nuanced and well-armculated understanding of what 1s needed 1o carry out tasks
constituting the work of teachmg mathematics and that their understanding gradually
evolved as they progressed through the teacher education program. These evolutions,
however, seemed to be associated with adaptations of practical experience.

The ways pre-service teachers developed their understanding of mathematscal
knowledge for teaching defined their maturation and professional development during
teacher education. Although each demonstiated different forms of understanding
knowledge necessary 1o teach mathematics, these three cases revealed which elements
in the peocess of leaming how to teach can contribute to a cognitive achievement of
theoretical constructs and work of teachmg. Moreover, shedding light on how pre-
service teachers undesstand the tasks of teaclung and the knowledge needed to handle
these tasks contnibutes to a better understanding of the link between theory and teacher
education. Teacher educators can use this iformation to mtroduce discussions about the
changing nature of the knowledge demanded for teachmg, alming to equip presservice
teachers with proper skills to ensure that they continue 1o learn and adapt to the rapidly
changing world. Thus, more longitudinal studies are needed on the integration of theory
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and practice and whether theoretical constrcts belp pre-service teachers leam how to
carry ouit the work of teaching more effectively. Knowing what teaching is and how it
works might change the way education and teacher education should be approached 1
emergent contexts.
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