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ABSTRACT:

In this study, | investigate in-service teachers’ beliefs and self-efficacy about teaching
mathematical modelling. I further understood teachers’ perceptions about teaching modelling
in the Grades 10 - 12 CAPS mathematics curriculum. The purpose of the study was to reveal

teachers’ beliefs and SEF to support the development of teachers' modelling competency.

The study was underpinned by a structural model of professional competence for teaching
mathematical modelling among in-service teachers. A structured questionnaire with a 5 Likert
scale was used to collect data on the ISTs' beliefs, SEF, and prior knowledge about teaching
modelling in the Grade 10 — 12 CAPS curriculum. Further semi-structured interview sessions
were secured with three participants to further confirm quantitative data. Thus, a ‘Sequential
explanatory research design from a mixed method research design’ was used to report the

collected data.

From the questionnaire obtained results, three major themes were formulated from the research
questions and used to analyse, present, and discuss the data, which were ISTs’ beliefs about
mathematical modelling, ISTs’ self-efficacy about mathematical modelling, and ISTs’ prior
knowledge about modelling. From the qualitative data, four themes stood out from the data
during the transcription process, namely, teachers are more product-driven than process,
learners should take the lead during mathematical modelling, the curriculum timeframe limits
learners from exploring modelling, and the limitation of mathematics content in the curriculum.
What was revealed from the data is that teachers do believe in the existence of modelling in

the mathematics curriculum.

Teachers showed being constructivists in the classroom when teaching mathematics in general,
including modelling. Their prior experiences with teaching modelling showed that it has
contributed to their belief in teaching and learning modelling. Though teachers' beliefs and
prior knowledge in this study showed to be developed and acquired respectively, to sufficiently
show competencies of teaching modelling in the classroom. However, their SEF to diagnose
learners' abilities during their modelling processes showed to be limited. Meaning, teachers did
not show confidence in their abilities to diagnose learners' abilities when modelling, and it was
not confirmed if they can identify learners' abilities when solving mathematical tasks in
general. I believe in South African modelling can be taught and learnt in the classroom if it is

sufficiently catered for in the curriculum and if teachers get the necessary support in teaching
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modelling. The value of the study is an important contribution to teachers' mathematical

modelling competency.

Keywords: Beliefs; Mathematical modelling’; Prior knowledge; Self-efficacy; In-service

teachers.
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CHAPTER 1: BACKGROUND AND PURPOSE OF THE STUDY
1.1 Introduction

This chapter discusses the research background, problem statement, aims and objectives of the
study, the rationale of the study, and the significance of conducting the study. Research

questions and the context where the study took place are also outlined in this Chapter.

Mathematics should be a subject that can be comprehended and valued for its significance and
power in developing countries (Stillman, Blum & Biembengut, 2015). This process of
education system development and change influenced research studies to be conducted in
mathematics education and recommended new approaches, pedagogies, and models to be tried
and used in teaching and learning mathematics and other subjects (e.g., physical sciences). One
of the teaching approaches in mathematics education is approaching mathematics employing
real-life situations, which in this study is referred to as mathematical modelling.

Rapid change and development of technology in our society and education system have
changed the expectations of today’s societies, teachers training, and learners to be formed
within the education system. Nowadays, the world expects mathematics teachers to produce
learners who will be able to demonstrate abilities to come up with constructive solutions in
general and mathematical problems in the events of real-world situations and use their

mathematics skills and knowledge productively in their daily-life experiences (Arseven, 2015).

In this way, learners will understand the value of doing mathematics at school and will
eventually enjoy doing mathematics at school instead of taking it as a boring and difficult
subject that is not even applicable to their daily-life situations. Some learners are even afraid
of taking mathematics at school, particularly from Grade 10 — 12 since mathematics is
compulsory from Grade R until Grade 9 in the South African (SA) education system. Most
learners prefer to take mathematical literacy, though it is said that mathematical literacy is more

of a modelling content focus than mathematics (Conradie, 2016).

Many authors have defined modelling in different ways depending on the purpose of the study
and how they wanted to use it in their studies and contexts. Greefrath, Siller, Vorhdlter and
Kaiser (2022) describe mathematical modelling as a process of creating mathematical models
based on a real situation that will assist in explaining the situation. Such developed models will

assist the modeller to make assumptions, predictions, and decisions and distributing knowledge

1|Page
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about the given problem (Geiger, Galbraith, Niss & Holland-Twining, 2022). Mathematical
modelling is considered one of the core facets of teaching and learning mathematics and
provides solutions to complex real-life situations for learners, teachers, and communities
(Wess, Klock, Siller & Greefrath, 2021).

Modelling and its applications are all features that show the relationship between the real world
and the mathematical world. Application is the transition from the mathematical world to the
real world, while modelling is the process of translating a real-life situation into mathematical
equations and models (Hankeln, 2020). The integration of modelling and application
in mathematics education is becoming increasingly significant in many educational curricula
(Kaiser, 2020; Niss et al., 2007). The SA National Senior Certificate (NSC) (2018) report, it
was indicated that most learners are lacking modelling skills. The study by Jankvist and Niss
(2020) supports what was mentioned in the NSC (2018) report, they revealed that a notable
number of learners have difficulty in understanding modelling tasks that are out of what they
are learning daily in a mathematics classroom. Learning mathematical modelling is a cycle
process that is learned over some time. Modelling entails much more than just solving

mathematics word problems.

The NSC (2018) further report that in-service teachers (ISTs) do not have enough time to cover
all possible problem-solving context questions to prepare learners for examination. It was then
suggested by Jankvist and Niss (2020) that teachers should ensure that learners acquire all the
necessary modelling skills needed for them to approach modelling questions. ISTs refer to
teachers who are qualified and already teaching in the classroom. In some countries, such as
Ghana, learners are discouraged from challenging their teacher’s methods of approaching
problem-solving questions in the classroom (Dei, 2011), while the South African Mathematics
Curriculum and Assessment Policy Statement (CAPS)! is dominated by more procedural
knowledge than conceptual knowledge of the skills and knowledge of mathematics in general
and in modelling (Ndlovu, 2018). Since mathematical modelling requires learners to make
assumptions, build mathematical models, mathematise, validate, evaluate, and relate the real

problem in a modelling cycle (Greefrath et al., 2022; Leung et al., 2017), modelling may be

L CAPS is a single, comprehensive, and compact policy statement developed by South Africa's curriculum
developers (DBE) for all subjects specified in the National Curriculum Statement for Grades R - 12. CAPS
provides teachers with extensive guidelines on what to teach and how to assess what was taught.
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difficult to be integrated with other mathematics topics (i.e., Finance, statistics, and Geometry)

and subjects in the current CAPS curriculum.

Researchers urge for a transformation in teacher mathematics education, to embark on a
learner-centred approach mostly in modelling to present learners with opportunities to discuss
their mathematical solutions and ideas behind their workings, and to teach for conceptual
understanding of the concepts (Akyeampong, Lussier, Pryor & Westbrook, 2013; Nabie,
Akayuure, Ibrahim-Bariham & Sofo, 2018). Such teaching approaches depend on teachers’
beliefs and self-efficacy (SEF) about the subject, in this study were teachers’ beliefs and SEF
about mathematical modelling. Beliefs are viewed as an individual's intellectual held
understanding and assumptions about the world objects that are presumed to be true, and how
it influences them to interact with reality. Their beliefs inform their SEF in certain situations,
and SEF is viewed as an individual's capability to recognise someone's ability in certain

situations. Furthermore, prior knowledge of a subject influences the individual's SEF.

Although my opinions are not verified and scientifically proven, looking at the SA context,
according to my knowledge and experience from basic education, |1 would say the current
mathematics education curriculum is not contextualised with mathematical problems related to
learners' daily-life experiences, and when looking at the approved CAPS mathematics
textbooks (such as classroom mathematics and Via Afrika)? the materials seemed to be
borrowed from international contexts. Hence, the contexts of the mathematics textbooks used
do not adequately match with SA learners' context and this might make it difficult for learners

to realise the need for school mathematics in their daily-life experiences.

In addition, learning modelling is cognitively demanding (Blum, 2015), thus there should be
enough time for learners to master and understand the modelling skills needed for them to
approach modelling questions, which is being competent in modelling. Therefore, it is vital to
note that while it is acknowledged that learners participate in modelling processes in
mathematics classrooms, it is a teacher who first provides learners with the methods and
procedures of mathematical modelling, which is developing learners to be competent in
modelling. Hankeln, Adamek and Greefrath (2019) define modelling competence as the
capability to understand the context of a given reality problem, build a mathematical model

from the real-world situation by identifying relevant questions and variables, mathematise the

2 These are some of the South African CAPS-approved textbooks used in teaching and learning mathematics at
the basic education level.
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model, interpret, validate, and present the obtained results back to the real-world context

concerning the built mathematical model.
1.2 Background of the study

The application, teaching, and learning of modelling at universities and high school level,
respectively, has become an important topic of discussion locally, in South Africa, and
internationally. The discussion around modelling is because of the important rise of
mathematical modelling in providing strategies, understanding, and solutions to complicated
real-life situations (Wess et al., 2021) in different fields, including education, health,
engineering, and natural sciences. Many researchers (see Blum & Borromeo, 2009; Kaiser,
2006; Ozdemir, Uzel & Ozsoy, 2017; Ramirez, 2017; Wess et al., 2021) are currently studying
teachers' beliefs, SEF, prior knowledge, and perceptions about mathematics in general,
applications, teaching, and learning of mathematical modelling. Commonly, many researchers
would study these factors of teacher modelling professional competence within determined
areas of mathematical modelling and its application. Since mathematical modelling is one of
the important areas in mathematics, especially from the Grade 10 — 12 mathematics CAPS

curriculum.

In mathematics education, the concept of modelling is considered one of the topics that can
bring sense to learners of why they are learning mathematics at school from Grades 1 — 12, and
some at a university level (Tran, Nguyen, Nguyen, Nguyen & Ta, 2020). This means modelling
can show a link between school mathematics and real-life mathematics. This is because
modelling mostly relates to real situations. Learning to solve complex real-life problems
through modelling processes can guide one to realise the need and value of mathematics in life,
and this will lead teachers and learners to understand the need of learning mathematics at school
through the processes of modelling (Tran et al., 2020).

These standards of learning mathematics through modelling processes cut through
geographical boundaries and educational jurisdictions. For example, CAPS's goal is to ensure
that learners learn, acquire, and apply knowledge and skills in ways that are relevant to their
own daily-life experiences and contexts (Department of Basic Education (DBE)?, 2011). In this

way, the curriculum plan encourages knowledge and skills in local contexts while remaining

3 The Department of Basic Education (DBE) (2011) was created when it was separated into two forms, namely:
the Department of Basic Education and the Department of Higher Education and Training. DBE focuses from
Grade R to Grade 12.
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mindful of global requirements because one might still be expected to explore the world. DBE
(2011) urge teachers to incorporate application and real-life context in their mathematics
teaching to help learners strengthen their cognitive abilities and positive attitude towards the
subject. Such teaching strategies assist learners in better developing an understanding of the
real world and the mathematical world, advance their mathematics competencies (including
modelling competencies), and assist in the development of suitable attitudes towards the
subject (Blum, 2015; Wessels, 2017).

Looking at the SA CAPS curriculum, mathematical modelling is taught at the high school level
from Grades 10 — 12 by the ISTs. Although it is also taught in the lower grades (Grades 6 — 9),
they are not dominating much compared to the upper grades. Modelling is also taught at the
university level to the pre-service teachers (PSTs) as training for the modelling of teaching
knowledge and skills on how it should be taught to the basic education learners in the classroom
(Bonyah & Clark, 2022). Previous research studies based on the PSTs university training about
teaching mathematical modelling have been conducted in different countries (see Blum &
Ferri, 2009; Jankvist & Niss, 2020; Wess et al., 2021), and in SA (see Mudaly & Dowlath,
2016). From all these research studies, what is common in their discoveries is that pedagogical
strategies used in the classroom significantly influenced learners' skills development in
modelling competencies. From the studies of the authors mentioned, it was revealed that
teaching mathematical modelling in the classroom is generally challenging and cognitively
demanding (Blum, 2015). Looking at the ISTs, such challenges might be arising from an
assumption that teachers are not well trained for teaching modelling. Further, their awareness
of modelling in the curriculum might be limited, and lastly, it might be one of the factors that
teachers' beliefs and SEF concerning modelling are not well developed and their attitude

towards it is negative.

Looking at the ISTs competence for teaching modelling at the high school level, Grade 10 —
12, there is a knowledge gap of collective understanding on how teachers develop learners
modelling knowledge and skills through their teaching approaches, and what mathematical
modelling and applications to reality means in practice (Niss et al., 2007) in terms of their
modelling beliefs and SEF. Studies (see Ramirez, 2017; Yang, Schwarz & Leung, 2022)
conducted on teachers’ beliefs about mathematical modelling revealed key findings about
modelling in the classroom, but mostly focused on how in-service teachers perceive

mathematical modelling in general. Teachers connect mathematical modelling with real-world
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situations to be modelled, others said that mathematical modelling is how a mathematical
problem should be processed (Ramirez, 2017). As Tekin Dede and Bukova Glizel (2016) have
disclosed, because of the teachers' uncertainty about how they should act when teaching a
lesson incorporating mathematical modelling. Thus, the current study aimed to add knowledge
on the in-service teachers’ beliefs about teaching modelling to the learners in the classroom

since most of the studies (see Mainali, 2022) were based on pre-service teachers’ beliefs.

Wess et al. (2021) categorised beliefs as either being transmissive or constructivists belief.
Concerning the study, transmissive belief is when the teacher gives learners step-by-step
procedures for solving modelling tasks, while constructivist belief is when the teacher allows
learners to be the ones that take the lead in solving modelling tasks in the classroom. White,
Way, Perry, and Southwell (2005) note, belief can either be negative or positive and may
contribute to teaching strategies in the classroom positively or negatively. Which may, in turn,
contribute to learners' negativity, attitude, and performance. Such type of belief may continue
if those learners go on to become future teachers and no intervention has been done to it.
Therefore, positive teachers' beliefs in a particular topic can lead to a constructive learning
environment and vice versa. It becomes a challenge for teachers to emphasise concepts that
they don't believe in them, particularly for modelling, as such content requires more real-life

situations and cognitive thinking.

Research studies (see Blum, 2015; Wess et al., 2021) show that teaching and learning
modelling is cognitively challenging for both teachers and learners, respectively. But even
more demanding for in-service mathematics teachers (ISMTSs), and sometimes PSTs (Wess et
al., 2021). It may be that ISMTs are not well competent in modelling themselves. Hence, it
would be challenging for them to promote the development of modelling competency to the
learners while teachers are not yet professionally competent in teaching mathematical
modelling (Wess et al., 2021). Hence, the setting of the study was then to investigate IST's
beliefs and SEF (through their prior knowledge) about the teaching of modelling in the
classroom, and then understand their perceptions about modelling in the CAPS curriculum.

In the study conducted by Frejd (2012) at upper secondary schools based on teachers'
conceptions about mathematical modelling, they revealed that teachers have slight experience
of the concept of modelling in mathematics classes. This can support the claim that the
participating teachers in their study might not have been exposed to modelling during their
schooling times. Looking at the SA context and curriculum, modelling is not well emphasised
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and integrated across mathematics topics and other subjects. Therefore, ISMTs might not have
had adequate experience in learning modelling in their secondary mathematics education, and
their teacher training at higher education might not be adequate to train them to have
capabilities to transmit their modelling content knowledge and skills to their learners in the

classroom.

Investigating Johannesburg North and Central district schools' teachers' beliefs, SEF, prior
knowledge, and understanding their perceptions about modelling in the mathematics
curriculum was the main objective of the current study. Therefore, possible strategic
intervention in teaching modelling may be suggested for future research to strengthen their
teaching modelling competence. An explanatory study conducted by Cabassut and Ferrando
(2017) among Spain and France mathematics teachers about teaching modelling confirmed that
most teachers are positive about modelling, but they lack self-confidence when it comes to
teaching the topic. In their study, some of the teachers acknowledged that they are experiencing
some difficulties when it comes to teaching the modelling topic. Some of the factors that
contributed to the challenges in teaching the topic, including not having time to prepare and
teach the topic and lack of resources in their schools.

Tekin Dede and Bukova Gilizel (2016) mentioned that research studies revealed that teachers
sometimes do not know when and how to initiate the knowledge of modelling processes to the
learners during the lesson. Tekin Dede and Bukova Giizel (2016) stated that it is regular for
teachers who are beginners in the mathematics teaching profession, and teachers who did not
have had adequate exposure to the modelling content knowledge from secondary education to
their higher education training. Such teachers might experience challenges during the

development of modelling processes for the learners (Tekin Dede and Bukova Guzel, 2016).

When reviewing relevant literature on mathematical modelling (see Chapter 2), it is discovered
that many researchers have been conducting studies on this modelling topic widely, such as in
Germany*. As acknowledged by Vorholter, Greefrath, Borromeo Ferri, Lei and Schukajlow
(2019) and Hankeln (2020) that German universities have developed resources over a period
that can be adopted by other countries to understand ISTs' competence in teaching
mathematical modelling. Resources that were developed by the authors (see Wess et al., 2021)

include test instruments, methods, and frameworks. A structural model (see section 2.3.2)

4 Germany is one of the countries that has contributed comprehensive knowledge and discussions in the
application and modelling of mathematics education for more than 100 years (Vorholter et al., 2019).
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explaining and correlating professional knowledge and skills for teaching modelling was
formed and experimental proven within the framework by (Klock et al., 2019; Wess et al.,
2021). 1 used some of the facets of the structural model for teaching mathematical modelling
in investigating teachers' beliefs, SEF, and prior knowledge about modelling in secondary
schools' mathematics education. The study included a wide range of ISMTs from Grades 10 —
12 to see their beliefs and SEF concerning modelling. The study was not focusing on the PSTs,

but it was focusing on the IST's beliefs and self-efficacy about modelling.
1.3  Problem statement

Studies on secondary mathematics teachers’ beliefs and self-efficacy concerning mathematical
modelling in South Africa do not exist (Durandt et al., 2022). Durandt carried out an empirical
study on the difference between the two teaching designs on the development of 144 first-year
engineering students’ modelling competency. The findings of the study were that implementing
quality teaching is a very important element even at the university level, thus complementing
the results of the DISUM study (for more information about the conception and the results of
DISUM, see Blum, 2011; Blum & Schukajlow, 2018).

Unlike Durandt et al. (2022) study, the current study focused on the in-service secondary
teachers’ beliefs and self-efficacy concerning teaching and learning mathematical modelling.
We chose in-service teachers because they play a big role in preparing learners for university
education in modelling and applications. Given that modelling and applications is still a new
topic in secondary mathematics education in South Africa, and not yet fully operationalised in
the curriculum; and require a different teaching approach from the teacher-centred approach
that most secondary teachers are familiar with, the current study assumed that the concept of
modelling would be problematic. The study, therefore, sought to investigate in-service
teachers’ beliefs and self-efficacy regarding teaching modelling.

In South Africa, most high school learners graduate from school without an understanding of
why they are learning mathematics at school from Grades 1 — 12 (Turner, Bennett, Granillo,
Ponnuru, Roth Mcduffie, Foote & McVicar, 2022). As discovered in the study by Tran and
Dougherty (2014) that learners do not see the value of mathematics in their lives and the
mathematics learned might not be related to the learner's context. Hence, real problems and
applications of mathematics might be compromised in the classrooms. This starts with teachers'

beliefs about the topic to be learned. Meaning, learners' performance in the classroom is
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directly linked to the teacher's pedagogical strategies in approaching the topic and that
eventually determines learners' disposition towards that topic (Mosimege & Winnaar, 2021),

if a teacher is negative about a certain topic so does to the learners and vice versa.

Yang, Kaiser, Konig, and Blémeke (2020) postulate that to understand teachers' beliefs about
mathematical modelling it is significant to also consider their beliefs about the essence of
mathematics, mathematical application, and real-world and modelling. Previous studies (see
Mudaly & Clark, 2016; Mutodi & Ngirande, 2014) appears to not have considered teachers'
beliefs and SEF about mathematical modelling that arises from their prior knowledge in
modelling. Perhaps these studies would have contributed more knowledge to the ongoing
discussions about teaching and learning modelling in the classroom. It could be argued that if
teachers have strong prior knowledge about modelling, then their beliefs and SEF in modelling
will be sufficient to promote modelling competency in the classroom among the learners.
Hence, the currently conducted study further attempted to contribute more knowledge to the
ongoing discussions about teaching and learning of modelling looking at the factors of teachers'

beliefs and self-efficacy in modelling.

According to Ramirez (2017), beliefs can be viewed as opinions, perceptions, and values. In
this study, beliefs were investigated to see teachers' disposition towards mathematical
modelling in the curriculum. | hypothesised that if teachers could believe in teaching
(integrating) modelling with other topics, that will show learners the value of mathematics in
their daily-life situations. Therefore, as discovered by Tran et al. (2020) that learners will exit
basic education knowing how mathematics applies to their real-life situations through
modelling. Furthermore, it is argued by authors (see Tran et al., 2020) that modelling is one of
the significant topics that can bring sense to the learners of why they are learning mathematics
at school. For learners to see the connection between the actual world and the mathematical
world, they should be competent in modelling (Hankeln et al., 2019). Learners should be taught
knowledge and skills of mathematical modelling so that they are competent in it, and that is
the responsibility of a mathematics teacher. For one to be able to promote modelling
competence to the learners he/she must be competent himself/herself in modelling processes
first. Hence, the setting of the study was investigating SA, Gauteng® teachers’ modelling

competency® (Beliefs, SEF, and prior knowledge) for teaching mathematical modelling using

5 Gauteng is one of the nine provinces in South Africa. Situated on the highveld.
& Competency in this study was viewed as individuals' behavior and attitude in relation to what he/she has an
ability to do.
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a structural model of professional competence developed by Wess et al. (2021). Once the
modelling level knowledge of teachers has been identified and properly developed, it might
have a positive influence on learners' performance and participation in modelling classes and

mathematics in general (Cevikbas, Kaiser & Schukajlow, 2022).

Tekin Dede and Bukova Giizel (2016) research studies revealed that teachers sometimes do not
know when and how to initiate the knowledge of the modelling process to the learners during
a lesson in a classroom. It is common to teachers who are beginners in the teaching profession,
or teachers who might not have encountered often modelling content knowledge from
secondary education to higher education. Teachers who did not have enough training during
undergraduate studies might experience challenges during the development of modelling
competencies for the learners, and sometimes for themselves (Niss & Blum, 2022). Hence, it
was also significant for the study to investigate teachers' prior experiences with modelling to
reveal their level of SEF. The responsibility of a teacher during the development of
mathematical modelling among learners remains a crucial part of modelling lessons; then the
questions arise of what teacher's beliefs about the teaching and learning of mathematical
modelling can be shared with the learners for them to see the value of learning mathematics

through real-world situations at school?

Looking at the ISTs beliefs and SEF for teaching modelling at Grades 10 — 12, there is a
knowledge gap of collective understanding on how teachers develop learners modelling
knowledge and skills through their teaching approaches, and what modelling and applications
to reality means in practice (Niss et al., 2007). As Tekin Dede and Bukova Giizel (2016) have
stated that teachers are not sure about how they should act when teaching a lesson utilizing
mathematical modelling. Thus, the current study aimed to add knowledge on the in-service
teachers’ beliefs and self-efficacy about teaching modelling to the learners in the classroom.

Wess et al. (2021) developed and empirically tested a structural model for teaching modelling
that was first piloted to the PSTs. The results acquired fundamentally "represent site-specific
empirical confirmations of the structures and correlations shown" (Wess et al., 2021). The
authors suggested that further studies with the objective of a possible remodelling of the
conceptualised structural model of teaching mathematical modelling still need to be done. The
understanding of modelling competence among teachers, which is from the model for teaching
modelling developed by Wess et al. (2021), only gives us knowledge and skills on how
modelling competency for PSTs can be identified and enhanced. Thus, the current study needed
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to be conducted to add knowledge of competency for teaching modelling from the ISTs. That
may lead to a comprehension of learners modelling competency and their performance in the

classroom.
1.4 Purpose of the study

The purpose of the study was to investigate in-service teachers’ beliefs and self-efficacy using
a structural model of professional competence for teaching modelling. Furthermore, to
understand teachers’ perceptions about teaching modelling in the Grades 10 - 12 CAPS

mathematics curriculum.
1.5  Study objectives
The study’s objective was:

e To investigate in-service teachers’ beliefs, self-efficacy, and prior knowledge about
mathematical modelling.

e Tounderstand teachers’ perceptions about mathematical modelling content in Grade 10
— 12 CAPS curriculum.

1.6 Research questions
The following research questions served as a guide for the study:

e What are in-service teachers’ beliefs about teaching and learning mathematical
modelling in the CAPS curriculum?

e What are the in-service teachers’ self-efficacy about teaching and learning
mathematical modelling in the CAPS curriculum?

e What are in-service teachers’ prior knowledge of mathematical modelling in the CAPS
curriculum?

e What are in-service teachers’ perceptions about the modelling content in the Grade 10
— 12 CAPS curriculum?
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1.7 The rationale of the study

The proposed study aimed to investigate teachers’ modelling beliefs, SEF, and prior knowledge
through some of the test instruments from a structural model of professional competence for
teaching modelling, in the Johannesburg North and Central district schools, Gauteng. The study
further sought to understand teachers' perceptions about the teaching of modelling in the
curriculum. The hidden application of modelling in mathematics by teachers and learners has
made it necessary to study teachers' beliefs and SEF and to further understand their perceptions
about the modelling content in the CAPS curriculum. These are factors that can contribute to
modelling performance in the classroom, either positively or negatively. In addition, these
factors may have a greater influence on how learners perceive mathematics learned at school
with real-life mathematics experiences. The study attempted to reveal teachers' modelling
competency and the knowledge they have acquired about modelling and then recommended
possible interventions that can be for future research and can be considered to alleviate the

faced situation.

From my firsthand experiences, firstly from beliefs, | have seen teachers with a positive belief
in a certain topic giving it their best and negative belief in a certain topic given less attention.
| then linked it with the CAPS curriculum that if teachers' beliefs (positive) and SEF
expectations are strengthened, then the curriculum developers (from DBE) will give modelling
more space across the curriculum, and training at the institutional level will further be

strengthened for teachers to be prepared to teach mathematical modelling.

Wess et al. (2021) proposed that an improvement in mathematical modelling can be achieved
if teachers are having a positive attitude, beliefs, motivational orientation: SEF, and well-
grounded modelling content. Improving teaching and learning of modelling may mean that
more teachers and learners will see the connection between school mathematics, everyday life
mathematics, and reality application. As was also indicated by Tran et al. (2020) that modelling
is one of the topics that can bring sense to the learners of why they are learning mathematics at
school. Thus, there was a need to investigate and understand teachers' modelling competency
to build positive attitudes and motivation toward modelling, particularly for the interest of the

learners to see the value of doing mathematics at school.

| anticipate that the collected data from the study will reveal teachers' attitudes towards

modelling, and once these are recognised, possible strategies to lighten the challenges will be
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recommended that will assist the Department of Basic Education curriculum designers,

teachers, and learners in improving the teaching and learning of modelling.
1.8  The significance of the study

According to Niss and Blum (2020), teaching and learning mathematics with the integration of
modelling (problem-solving) leads to a greater level of conceptual understanding for the
learners. Thus, the findings that were obtained from this study may be of help to the CAPS
mathematics curriculum developers and to encourage the whole South African, and other

countries' education systems to be educational productive.

An educational productive education system should focus on the improvement of the learners'
performance and concept understanding (in mathematics) while the mathematics content
knowledge from the teacher is integrated with the modelling content. Mathematics teachers
should be encouraged towards using pedagogical strategies that promote the development of
mathematical competency in traditional and mathematical modelling competency.
Additionally, the results obtained from the study will be used by mathematics teachers to reflect

on their pedagogical strategies used when teaching modelling.

This pedagogy of approaching mathematics using reality situations (modelling) is one of the
suitable approaches to teaching mathematics compared to the traditional way of teaching
mathematical content in the classroom, where learners solve mathematical problems that are

not related to their context.
1.9  Chapter summary and conclusion

From the introduction, the reader was provided with a discussion of the in-service teachers'
beliefs and SEF about mathematical modelling and how it was used in the study. | further
explained that mathematics teachers' prior knowledge was also investigated to help identify the
level of teachers' SEF in recognising learners' abilities during modelling processes. Teachers'
beliefs and SEF were investigated through a model of competence for teaching modelling. |
have also pointed out that the study further understood IST's perceptions about modelling in
the Grade 10 — 12 CAPS curriculum. In addition, | have also discussed the rationale and the
significance of the constructs used, in mathematics education that is rapidly transforming into

approaching mathematics through modelling.
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1.10 Dissertation outline:

This outline shows how the dissertation is organised, as well as what each chapter's content is.
Chapter 1: Purpose and Background of the Study

The study's overview was presented in this chapter. It explained the study's context, purpose,
and significance. Furthermore, it provided a clear explanation of why the study needed to be
conducted, and who could benefit from it. The researcher introduced the problem, explained

the study's motivation, and the research questions used to guide the study were stated here.
Chapter 2: Theoretical Framework and Review of Relevant Literature

The theoretical framework of the study and a review of related literature among teachers’
mathematical modelling competency was discussed in this chapter. It included most sources
with a connection to the research problem of the study that was investigated. To put it in another
way, the link between existing knowledge and the research problem (knowledge gap) under

investigation is addressed in this chapter.
Chapter 3: Research Design and Methodology

The research design, approach, methods, and methodology of the study were discussed in this
chapter. The procedure of data collection, the type of test instruments used, and the selection
criteria of the participants (teachers) were also covered in detail in this chapter. Furthermore,
the chapter covered ethical considerations, reliability, validity, trustworthiness, and how the

test instruments were developed and distributed.
Chapter 4: Results Presentation and Analysis

The results and data analysis chapter explained how the collected data of the study was
organised and analysed. The chapter also discussed how the report's obtained information was
showed, in form of graphs, tables, and data samples. The evaluation and interpretation of the

findings of the study were included in the discussion.
Chapter 5: Discussion of the Results

This chapter provided the interpretation and elucidation of the obtained results. It further
answered the four research questions of the study in connection to existing literature and
theories. Additionally, it provided justification for the research approach used and critically

evaluate the study.
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Chapter 6: Conclusion, Limitations of the study, and Recommendations

This chapter drew conclusion from the study findings, provided a summary for each research
question, limitations that were observed during the study process, and recommendations for

future research.

The following chapter provides theoretical framework and review of relevant literature about
in-service teachers’ beliefs, self-efficacy, prior knowledge, and perceptions about

mathematical modelling that ensured the researchability of the research problem and topic.
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CHAPTER 2: THEORETICAL FRAMEWORK AND REVIEW OF RELEVANT
LITERATURE

21 Introduction

This chapter introduced and explored the theoretical framework that guided the research study.
It discusses the theoretical framework of a structural model of professional competence for
teaching mathematical modelling that guided the entire study. The chapter further provided a
review of relevant literature to provide what has been done locally, in South Africa, and
internationally concerning my topic. The review of relevant literature was aligned with the
developed four research questions (see section 1.6). The entire study was primarily based on
ISTs' beliefs and SEF for teaching mathematical modelling, as mathematical modelling is
cognitively demanding for both teachers and learners (Blum, 2015), the reason being, most
modelling competency and competencies should be initiated during modelling processes. ISTs
are the main role in the modelling processes, they should be the ones that trigger the modelling
sub-competencies during modelling processes to the learners, and support learners as much as
minimally as possible. Both mathematical and extra-mathematical skills and knowledge will
be required during the modelling processes. Teachers are central and in control of the

development and enhancement of the modelling competencies (Durandt, Blum & Lindl, 2022).

Theoretical framework

2.2.  Mathematical modelling

Mathematics subject is one of the subjects that increase learners' ability to think critically and
intensively. One of the objectives in mathematics education across all educational levels,
including basic education and higher education, should be encouraging, and enhancing
learners’ mathematical modelling competency and sub-competencies. In this study,
mathematical modelling is defined as a cycle process that involves translating a real-world

situation into a mathematical model (Geiger et al., 2022).

Mathematics teachers’ responsibility is to show learners how school mathematics can be
heuristic in real-world complex situations and different fields, including education, health,
engineering, and science. Thus, learners will realise how school mathematics can be relevant
to their daily-life experiences. Teachers are the foremost role in the enforcement and

development of modelling in mathematics (Manouchehri, 2017). They do not only focus on its
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importance to the mathematics content or the learners, but they also oversee misconceptions
that learners may show during the modelling processes and overcome them where possible.
Hence, teachers' belief and SEF towards mathematical modelling plays a significant role in
how they are supporting learners during their modelling processes in the classroom
(Manouchehri, 2017).

Mathematical modelling should be taught in all grades including primary level (Blum & Ferri,
2009; Garfunkel & Montgomery, 2016). Through mathematical modelling, learners can apply
mathematical concepts, independently investigate mathematical theorems, cultivate critical
thinking, and advance their metacognitive and communication abilities (Wei, Zhang & Guo,
2022). This means that if modelling were to be implemented at learners' early grades or stages,
they could develop modelling skills and have a greater chance of developing a productive
disposition towards modelling. Learners' exposure to mathematical modelling will enhance
creativity, enthusiasm, and a positive attitude towards modelling and mathematics in general.
This is because young learners tend to develop knowledge and skills based on what they have
learned before or based on their prior experiences (Piaget, 1971). Oberman and Sainz (2021)
state that, putting modelling content in the foreground of the curriculum will encourage critical

thinking and reality problem-solving skills to the learners.

CAPS's (2012) mathematics curriculum specifies some aims such as ensuring accessibility of
mathematical content to the learners, also which intends to develop and enhance mathematical
modelling, provide learners with an opportunity to make conclusions and justifications based
on their workings, develop modelling problem-solving knowledge and cognitive skills, and
prepare learners for further higher education and training, as well as the world of work across
the globe. From DBE (2011) in the South African CAPS curriculum, mathematical modelling
is positioned as the significance of the CAPS mathematics curriculum. One may proclaim that
when applying mathematics in other subjects is comparable to when applying mathematics to
real situations. Therefore, real-world problems should be and where possible be also integrated
across mathematics topics. Mathematical modelling used in the classroom should be closely
relevant to learners' real-life situations and not deliberated (Tran et al., 2020). Contextual
problems presented to them by the teachers should reflect issues relating to education, health,

economic, social, and environmental issues.
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From the researcher's perspective, mathematical modelling concerning the SA context is still
viewed as comprising the following components’: formulating a mathematical model from a
real-world model, mathematical work, mathematics, Interpreting, evaluating, and exposing the
results thus back to the real-world situation (Greefrath et al., 2022). Durandt (2021) states that
a mathematics teacher has to continuously employ modelling processes to the learners when
working through contextualised content in the mathematics classroom. The aim of
mathematical modelling also contributes to the fact that mathematical context and knowledge
cannot be only given to the learners to understand knowledge, skills, rules, procedures, and
equations without declaring that they can link school mathematics with their everyday life

experiences.

Authors (See Arseven, 2005; Lesh & Doerr, 2013), in the past years' research studies based on
the use of modelling tasks in mathematics, have discovered that modelling tasks are useful
tools to link school mathematics and everyday life experiences in mathematics education. The
authors further argued that many countries tend to give a large space to modelling content in
their mathematics curriculum, "It is emphasised that mathematical modelling is one of the main
objectives of mathematics instructions in the secondary school curriculum in Germany"
(Arseven, 2015). However, in the SA CAPS curriculum is not the case, it is the other way
around, modelling is given a smaller place and time in the curriculum (Mudaly & Dowlath,
2016). Thus, concerning the SA curriculum it can be argued that mathematical modelling is
not often integrated with other mathematics topics and subjects from basic education to higher

education and mathematics teachers do not satisfactorily know its theory of origin.

2.2.1. Modelling competencies and modelling competency

From the study, | used modelling competencies as modelling processes that a modeller should
embark on when solving a real problem using mathematical terms, models, and tools.
Modelling competency may be viewed as modelling competencies but differs in terms of their
meanings and applications, it is also defined differently from other studies (see Durandt, Blum
& Lindl, 2022) depending on how it was linked to their study purpose, aims, and objectives.
From previous studies (see Blomhgj & Jensen, 2007; Durandt, Blum & Lindl, 2022; Kaiser &
Brand, 2015; Niss et al., 2007) modelling competency is frequently defined as an independent

individual with abilities to build and use mathematical models and equations to mathematise

" These components are referred to as mathematical modelling sub-competencies by (Greefrath et al., 2018), and
will be discussed shortly.
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modelling problems, as well as to mathematise, validate and relate the given modelling task.
The study by Hankeln et al. (2019) defined modelling competency as “Being competent in
mathematical modelling is being able to autonomously and insightfully carry out all aspects of

a mathematical modelling process in a certain context” (Hankeln et al., 2019, p. 144).

In consolidating the modelling competency definition from the author's studies, modelling
competency was defined as someone who can carry out all the modelling sub-competencies in
a real-world problem. For my study, modelling competency was observed as a teacher's
professional competence, which associates their beliefs and self-efficacy in teaching

modelling.

As mentioned, that modelling is an exercise of converting a real-world situation into a
mathematical model and it is done through several steps (see Figure 2.1). For one to be
competent in modelling he or she must be first competent in mathematics. Mathematical
competency in this study is viewed as an individual's perceptive readiness to act on a particular
kind of mathematical task or a given situation (Jensen & Jankvist, 2018). On the other hand,

(13

Niss and Hgjgaard (2011) explain mathematical competency as “...having knowledge of,
understanding, doing, using and having an opinion about mathematics and mathematical
activity in a variety of contexts where mathematics plays or can play a role” (Niss & Hojgaard,
2011, p. 49). From the latter definition of modelling competency, once a teacher shows these
kinds of characteristics in his or her teachings with deep knowledge and understanding of
mathematics, he or she is in a position of being modelling competency depending on how far
the teacher has gone with mathematical modelling from primary education to his or her higher

education teacher training.

Thus, mathematical modelling competency follows the popular definitions of competency —in
my study used and described as an individual's insightful intellectual beliefs and SEF
capabilities for solving specific mathematics problems, including modelling tasks and being
able to sustain all stages of mathematical modelling processes a real-life situation (Blomhgj &
Jensen, 2003; Cevikbas, Kaiser & Schukajlow, 2021). These modelling processes that are
applied when approaching modelling problems are often depicted as a cycle. In explanation of
what is meant by carrying out "all parts of a mathematical modelling process". The model |
used in this study of this modelling cycle, which is more relevant to the current literature about

mathematical modelling competencies and competency is shown in Figure 2.1. These
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modelling sub-competencies are also acknowledged in the South African context (Stilman,
2012).

1 Understanding

real model

& problem mathematical Constructing
O model & problem 2 Simpllfyfng
Structuring
2 % 3 Mathematising
real situation Z==u situation Fiszoes

mathematically
5 Interpreting
6 Validating
7 Exposing
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results

D mathematical

world mathematics

Figure 2.1 Seven-step modelling cycles (Blum & Leiss, 2007, p. 225)

The modelling cycles were analysed and presented comprehensively in (Vorhélter, Greefrath,
Borromeo Ferri, Lei & Schukajlow, 2019; Blomhgj & Jensen, 2003). This study was not
focused on how learners or teachers can show or apply these modelling sub-competencies when
approaching modelling problems during modelling processes. These modelling cycles (see
Figure 2.1) are in turn viewed and represented as the modelling processes that one should
possess when approaching modelling problems (Greefrath & Vorhdélter, 2016). That is being
modelled competent and it is viewed as someone who demonstrates abilities to carry out all
modelling processes with insight in each modelling problem context (Hankeln et al., 2019).

Greefrath, Kaiser, Blum, and Borromeo Ferri (2013) went further by explaining how these
modelling processes are applied by learners in a modelling cycle with the help of the teachers
in the classroom. The modelling sub-competencies include building a mathematical model
from a real-world model with an understanding of the situation context, simplifying,
mathematics, interpreting, validating, and exposing the obtained results thus back to the real-
world situation. Table 2.1 below provides us with explanations for each modelling sub-

competencies.
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Table 2.1 Modelling sub-competencies (Greefrath & Vorhdlter, 2016)

Sub-competency Description

Understanding The students construct their own mental model for a given problem
situation and thus understand the question

Simplifying The students separate important and unimportant information about
a real situation

Mathematising The students translate suitably simplified real situations into
mathematical models (e.g. term, equation, figure, diagram, function)

Working Mathematically | Students apply heuristic strategies and mathematical knowledge to
solve the mathematical problem

Interpreting The students refer the results obtained in the model to the real
situation and thus achieve real results

Validating The students check the real results in the situation model for
adequacy

Exposing The students refer the answers found in the situation model to the

real situation and thus answer the question

In Germany and other countries' discussions of contextual mathematical modelling, Blum's
stance (1985) is the main centre of the current study. Which considers the entire modelling
processes and the connection between the mathematical world and the actual world around us,
including teachers and learners. For more details about mathematical modelling discussions in
German (see Greefrath, 2019; Greefrath & Vorholter, 2016; Vorholter, 2019), some of the
discussions in the SA mathematical modelling context (see Mudaly & Dowlath, 2016). The
study was not focused on the modelling sub-competencies of the learners or teachers, but it
was focusing on teachers modelling competency, including beliefs, SEF, prior knowledge, and
perceptions about the teaching, and learning of mathematical modelling.

In South Africa, mathematical modelling content is not mandatory in higher education
(universities and colleges) teacher training courses. Only some universities (e.g., University of
the Witwatersrand) modelling modules are offered regularly. If PSTs and ISTs are expected to
integrate their mathematics teachings with modelling content, the innovation of their training
should be based on developing and enhancing teachers' mathematical modelling competencies
and competency (Greefrath & Vorhélter, 2016). Borromeo Ferri and Blum (2010) provided
five distinct categories of teacher modelling competency. 1. Theory-oriented competency
(includes knowledge about modelling processes, objectives, and modelling tasks), 2. Task-
related competency (includes abilities to approach modelling problems and create own
modelling problems), 3. Teaching competent (contains abilities of a teacher being able to plan
modelling lessons and how he or she will scaffold learners to work independently during
modelling processes), 4. (includes abilities to identify modelling process that learners are
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working at and be able to identify difficulties during those modelling processes, and provide
strategic intervention for them), 5. Assessment competency (includes abilities to create

appropriate modelling tasks that can be useful in assessing learners modelling competencies).

Based on the relevant literature reviewed, some of the questions remained unanswered, such
as, do courses offered at higher institutions to the PSTs also show this modelling content? How
teachers' modelling competency and competencies can be developed and enhanced? Because
most mathematics teachers are lacking the skills of implementing modelling in their
classrooms, they often assume that there are already obstacles that can prevent them from
successfully implementing and integrating modelling in their teachings. Such as beliefs and
attitudes need to be investigated and understood so that they are developed and enhanced
positively, and where possible, also university courses (for example, LEMA) may be
implemented in PSTs training programs to assist teachers in developing and enhancing their

beliefs and SEF about the teaching and studying of modelling in the curriculum.

Relevant literature about teachers' modelling competency is detailed above. The following
sections provide the theoretical background of a structural model for teaching modelling that
was used in carrying out the study. Which included teachers' beliefs, SEF, and prior knowledge

about modelling.
2.3.  Mathematics teacher professional competence

The professional competence (PC) of a teacher has become important in the research discipline
of mathematics education. In the classroom during a lesson, teachers make a conducive
learning environment and provide opportunities for learners to explore knowledge and
construct it and have a vital effect on subject-related (mathematics) and multidisciplinary
accomplishment of learners' educational objectives (Malangtupthong, Nurittamont &
Phayaphrom, 2022).

2.3.1. Professional competence
The PC of a teacher in any subject is understood within the notion of competence (Ibragimov,
2021). In general, being competent is described as someone who can master significant

concepts in a particular field and be able to make use of the acquired knowledge appropriately
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and accurately. In this study, competence was defined as intellectual ability, personal beliefs

about the subject, content-specific knowledge, and motivational orientations.

In general, the PC of a teacher in his or her occupation is to be understood by the learners in
the classroom (Ibragimov, 2021; Weinert, 2001). PC is a concept used to elucidate the
knowledge and skills of teachers required to link up their professional necessity in their
teaching field (Geiger et al., 2022). Shulman (1986, 1987) developed and differentiated groups
of professional knowledge as parts of professional competence, the categories include
curricular knowledge, content knowledge, pedagogical content knowledge (PCK), and
pedagogical knowledge (Wess et al., 2021). Moreover, among teachers, particularly in-service
teachers, those with a high level of PCK use mathematical activities with a high capability for
cognitive triggering and they present good scaffolding for their learners during the learning
process (Kunter & Baumert, 2013; Krauss et al., 2008). Teachers’ positions, however, are
allocated to specific constructs, beliefs, attitudes, and values (Kunter & Baumert, 2013).
Teachers serve the community in their respective fields of education through their acquired
knowledge, skills, and activities, and they have a significant influence on the learners they are
teaching. Thus, teaching according to the above-mentioned features is described as a
profession, and PC is considered as a combination of specific declarative knowledge, beliefs,
professional values, and objectives, as well as motivational orientations: SEF and professional
self-evaluation skills (Kunter & Baumart, 2013) (as cited in Wess et al., 2021).

2.3.2. A structural model of professional competence for teaching modelling

Wess et al. (2021) designed and experimentally tested a structural model (see Figure 2.2) that
demonstrates the relationship between teachers' professional competency for teaching
mathematical modelling. Some of the constructs in the structural model developed by Wess et
al. (2021) were used as the theoretical framework that provides the path of the current research
and grounds it firmly in theoretical constructs. The constructs that were adopted are teachers’
beliefs, self-efficacy, and prior knowledge about mathematical modelling. These constructs

were directly linked with the 7-step modelling cycle (Blum & Leiss, 2007).

To consider the constructed structural model, the COACTIV (Cognitive Activation in the
Mathematics Classroom and Professional Competence of Teachers) model was evaluated (See
Kunter & Baumert, 2013). The prerequisites that teachers should possess should be identified
for teachers to prepare and implement mathematical modelling methods. The understanding of
the COACTIV model for the modelling world can benefit from this as well. Some of the
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specifications that are competence dimensions for teaching mathematical modelling are shown
in Table 2.2. (Borromeo Ferri & Blum, 2010). However, the study was not focusing on the
proficiency features and PC for teaching modelling. The structural model was designed to
understand PSTs' modelling competency for teaching mathematical modelling during their
teacher training, thus, as stated that the structural model was adopted in this study as a
theoretical framework that guided the study methods and explains why the research problem
under the study exists. In addition, | was not focusing on all the facets of the structural model,
but I was focusing only on the aspects of teachers' professional competence, which are beliefs,

motivational orientations: SEF, and prior knowledge in modelling.
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Values /
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Motivational
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Self-efficacy

Professional
Knowledge

Aspects of professional competence

Ve

i

Modelling-
specific
pedagogical
content
knowledge

Domains of knowledge

Knowledge
about aims
and

Facets of knowledge
Knowledge Knowledge il Knowledge
about inter-

ventions

about about
modelling maodelling

perspec-
processes tasks tives

\ /

Figure 2.2 A structural model of professional competence for teaching mathematical
modelling (adopted with permission from Wess et al., 2021, p. 29)

The constructs in above Figure 2.2 were designed and examined for experimental testing using
a structural model for teaching mathematical modelling (Klock et al., 2019; Wess et al., 2021).
The three components® from the structural model were constructed for the competence
dimensions (see Table 2.2) for teaching mathematical modelling (Borromeo Ferri, 2018), and
it further expands on the knowledge about aims, perspectives, and concepts. The study limited
the constructs from the authors' study's structural model only to the aspects of professional
competence (beliefs and motivational orientation: SEF). This is due to the time constraints of
the current study and other factors such as heavy data analysis.

8 Aspects of professional competence, domains of knowledge, and facet of knowledge
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Table 2.2 Competence Dimensions for teaching modelling (Borromeo Ferri, 2018)

Dimension Facets

Theoretical dimension Modelling cycles
Aims/Perspectives of mathematical modelling
Criteria/Types of modelling tasks

Task-related dimension Processing of modelling tasks
Cognitive analysis of modelling tasks
Development of modelling tasks

Teaching-related dimensicn Planning of reality-related mathematics lessons
Conduct reality-related mathematics lessons
Interventions during modelling processes

Diagnostic dimensicn Identifying phases in the processing process
Identifying difficulties in the processing process
Evaluation of modelling tasks

Theoretical, task-related, teaching-related, and diagnostic competence aspects were used in the
interpretation of the COACTIV model, specifically for professional knowledge, as was
explained by Borromeo Ferri (2018). A structural model of professional competency for
teaching modelling was developed using the COACTIV model. As a result, several
characteristics and skill set of teachers appear to be particularly pertinent in the context of
mathematical modelling. Aspects of beliefs can be viewed as components of values, goals, and
SEF expectations using modelling-specific factors (Wess et al., 2021). The aspect of self-
evaluation, on the other hand, refers to a teacher's personality traits and it is thus unaffected by
any specific concretisations. | chose beliefs and SEF because | was interested in investigating
ISTs' modelling competence for teaching mathematical modelling. It is believed that learners'
performance in modelling is directly linked to their teachers' knowledge, teaching methods,
beliefs, and SEF expectations about modelling (Kertil & Gurel, 2016; Wess et al., 2021).
Hence, | as a researcher hypothesised that learners' performance in modelling may increase
after we have investigated and built teachers' beliefs and SEF in modelling using the model for
teaching modelling. It should be cleared that the study did not test a hypothesis because I didn’t
anticipate that I will get a sizeable number of teachers since this topic of modelling is still new

in the South African education mathematics curriculum.

It has been acknowledged in the modelling literature (see Blum, 2015; Wess et al., 2021) that
teaching and mastering mathematical modelling is cognitively demanding. As a result, to teach
modelling, teachers must possess a wide range of knowledge and abilities, including both
mathematical and non-mathematical knowledge, tasks and pedagogical strategies for teaching

modelling, and appropriate attitudes and beliefs regarding modelling in mathematics education.
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Without the teacher's SEF and positive views, the other objectives will be challenging to

accomplish.

Review of relevant literature

2.4. In-service teachers’ beliefs about mathematical modelling.

It is recognised that for more than 20 years, German universities have researched and taught
mathematical modelling. Views, beliefs, perspectives, concepts, subjective theories,
worldviews, and attitudes are frequently used synonymously in their literature (\Voss et al.,
2013), with no clear distinction being mentioned. The word "belief" is often used
interchangeably with words like *“attitude,” "behaviour,” "opinion,” “perception,”
"philosophy,” and "values" (Leder & Forgasz, 2002; Phillip, 2007). There is no harmony in the
definition of belief in the current literature (Kim, Kim, Lee, Spector & DeMeester, 2013), but
there is a substantial consensus that beliefs are subjective, meaning they are not easily changed
compared to attitude (Lomas, Grootenboer & Attard, 2012; Maasepp & Bobis, 2015). In this
study, beliefs referred to individual personal views on a specific practice. For the interest of
the study, they referred to beliefs held by the ISTs about the branch of mathematics in general
and the teaching and learning of modelling in mathematics. Teachers' beliefs in their
profession, particularly in their teaching subject are very important as it drives and constitutes
their thoughts, opinions, and perspectives about the subject, methods of teaching, and tasks that

are done by the learners in the classroom (Wess et al., 2021).

From the study by Ramirez (2017), a variety of teachers' mathematical modelling beliefs were
revealed. Some teachers believed that modelling has to do with real problems, while others
believed that modelling is one of the models that are used to depict mathematics abstract
concepts. Three questions from the discussion of their results (see Ramirez, 2017) remained
unanswered. One of the questions based on the currently conducted study was that “In which
ways can the utility beliefs of a model influence the implementation of mathematical
modelling?” (Ramirez, 2017, p. 978). This question was somewhat addressed in this study by
revealing teachers’ beliefs and perceptions about modelling in the curriculum, which thus
influences the implementation of modelling in the classroom. The author valued that teachers'
beliefs are central to the development of learners modelling sub-competencies. The belief
structure of mathematical models and modelling as viewed by teachers in the study by Arleback
(2010) suggested to be studied as partially made up of the teacher's beliefs about the actual
world, the nature of mathematics, classroom mathematics, and applying and applications of
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mathematics. Some aspects of their suggested framework were explored using two case study
interviews. It was found that two teachers did not have any well-formed beliefs about
mathematical models and modelling and that the interpreted beliefs structure of the teachers
contain inconsistencies. Arleback (2010) further supports the notion that higher awareness

about one’s beliefs leads to a higher degree of integration of the beliefs in one’s practice.

Arlebick (2010) hypothesised that the learners' views and capacities for modelling are
significantly influenced by the ISTs' beliefs on discussions and engagements of the learners in
the classroom throughout a lesson and in particular classroom activities. Professional
knowledge, SEF, and beliefs can be seen as a crucial starting point for the education and
training of mathematics instructors (Voss, Kleickmann, Kunter, & Hachfeld, 2013a; Z6lyomi,
2022). Handal (2003) raised that teachers' beliefs about mathematics can be linked to what is
mathematics, how teaching and studying mathematics take place in the classroom, and how the
teaching and learning of mathematics should happen within the CAPS mathematics curriculum

plan.

Beliefs in learning can be categorised as constructivist and transmissive beliefs. These
categories of beliefs contribute to the operationalisation of mathematical modelling beliefs
among teachers (Voss et al., 2013). As a result, teachers' beliefs about modelling in this study
were operationalised and investigated within two scales, which are constructivist and
transmissive. The constructivist-related theory was further divided into components, namely,
modelling in the classroom, application of modelling, and constructivist beliefs.

2.4.1. Constructivist and transmissive beliefs

Voss et al. (2013) speak about the beliefs about learning, which are transmissive and
constructivist, both contributed to the operationalisation of teachers’ beliefs about
mathematical modelling. The constructivist belief scale comprises three (3) theoretical sub-
scales, which are referred to as components in this study. The theoretical components are
constructivism, mathematical modelling in the classroom, and the application of mathematical
modelling. See Table 3.2 which shows two scales of beliefs (including the three theoretical
components) about mathematical modelling with the examples (from test instruments, see

Appendix A) for each component.

Constructivist belief encourages learners to be competent and independent in mathematical

modelling. Meaning, they should be able to discover their ways of solving modelling problems
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with insight and independently, thereafter discuss their notions with their friends in the
classroom (Wess et al., 2021). The authors further explained that belief in a transmissive view
is used to understand learning through the transmission of knowledge from teachers to learners.
Means, in this belief teachers, become the leading ones during modelling activities given to the
learners. In this orientation-related view, teachers provide step-by-step procedures with
methods on how to approach certain modelling tasks. From this view of understanding, a one-
sided process of knowledge transfer by the teacher to the learners is overcome. Hence, it is
associated with negative modelling beliefs. These different types of perspectives have been
entailed because constructivist perspectives are associated with positive modelling beliefs,
whereas transmissive beliefs are associated with negative modelling beliefs (Kuntze & Zottl,
2008; Schwarz, Wissmach & Kaiser, 2008). Both forms of beliefs, constructivist and
transmissive, cannot be viewed as fundamentally opposite beliefs. Conversely, they are
negatively associated with relatively close conceptions, as Voss et al. (2013) had empirically

proven.
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2.4.2. Constructivist learning theory.

Change necessitates the thorough evaluation of one's ideas and other perceptions (Patrick &
Pintrich 2001). This means, for the South African education system to change how teachers
and learners perceive modelling, it should start by changing teachers' beliefs and perspectives
about the modelling content in the CAPS curriculum. That will enable them to develop a PC
for teaching modelling. Thus, investigating SEF expectations modelling and beliefs of
mathematics teachers was needed in the SA CAPS curriculum to understand the level of
content understanding of teachers in modelling. Therefore, encouraging them to change their
personal beliefs about modelling is very significant, and that will be achieved using the
operationalised structural model of competence for teaching modelling. Kaiser (2006) makes
a point that teachers modelling competency and their beliefs about mathematics must be
considered as a significant factor of the low performance in mathematics in general and
mathematical modelling. Teachers' beliefs towards mathematics and its application might also
be a factor in learners' lack of realisation of the application and modelling in mathematics
lessons. Having these determinants in mind, the study aimed to investigate teachers' beliefs
about mathematical modelling through a structured questionnaire about teacher’s backgrounds
including their perceptions about the teaching and learning of modelling in the CAPS

curriculum.

For the SA education system, it is fundamental to gain knowledge and background of teachers'
beliefs about their teaching subjects, in this case, it is mathematics, including modelling. That
will allow South African researchers to adopt some of the models, tools, or instruments from
other countries, such as Germany, that have adequate experience in research in the field of

mathematical modelling.
2.5. In-service teachers’ self-efficacy about mathematical modelling.

Expectations of self-efficacy (SEF) are a practically supported component of professional
competence (Kunter, 2013). In general, the idea of SEF is comprehended as an evaluation of
one's abilities in certain events (Masitoh & Fitriyani, 2018) and how competent one is in a
certain field. SEF is therefore suitable in my study for investigating the perspective of teachers'
abilities for teaching mathematical modelling, specifically the competency of identifying
learners modelling abilities during modelling processes. | used SEF in the study as a teacher's

judgment about their abilities to produce the desired outcomes of learner involvement and their
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modelling abilities during a modelling cycle. SEF expectations are significant for teaching,

learning, motivation, and beliefs to the learners in a modelling classroom.

Teachers’ PC is made up of cognitive professional knowledge, beliefs, values, and motivational
orientation: SEF components (Wess et al., 2021). Looking at the self-efficacy component, a
teacher's efficacy is an evaluation and criticism of their capabilities to bring about desired
learners’ performance in their learning. Even among learners who are struggling academically
or lack interest in learning mathematics (Tschannen-Moran & Woolfolk-Hoy, 2001). They
have an impact on learners' performance, beliefs, and motivation and are important for teaching
and learning. The latter goes hand in hand with excellent instruction, helpful instructional
strategies, and subject-matter experts as teachers in the classroom (Kunter, 2013). To teach and
improve student performance, beliefs, and motives, teachers' self-evaluation in modelling is
important. SEF can be described and concretised about teachers' ideas about their capabilities

during modelling processes and prior experiences in a certain field (Wess et al., 2021).

SEF is considered an important aspect of teacher professional competence (Kunter, 2013).
Therefore, it was relevant to investigate the SEF expectations of mathematics teachers in
modelling. In most cases, teachers' pedagogical strategies that they use in teaching modelling
are routed from their knowledge, SEF, and beliefs about the modelling content (Wess et al.,
2021). In South Africa, it will be the modelling content in the CAPS curriculum. I believe the
SEF of a teacher in modelling may determine the level of competence of his or her learners in
the classroom at any modelling phase. This means the content of the modelling tasks used in
the classroom is determined by the dimensions of the modelling-specific pedagogical content
knowledge used by the teacher in the classroom (Wess et al., 2021). Different tasks and
cognitive processes determine learners’ modelling process in different cycles. Analysis
modelling stages are significant for different modelling phases in which the learners work.
This supports the notion that teachers' SEF varies depending on the modelling phases they are
at and their beliefs about modelling. With regards to modelling tasks of learners and the related
systematic, it is possible to recognise unspecified modelling phases of the learners during
modelling processes. Those phases can be traced by their written mathematical work and
modelling abilities. Modelling phases that are specific in the modelling cycle include
simplification of the built mathematical model, mathematisation, interpreting, validation, and
exposing. The SEF expectations for mathematical modelling are thus operationalised between

two components, which are 'mathematical modelling” and ‘working mathematically’.
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The study was guided by framework studies outside South Africa, which have over twenty
years of research, teaching, and learning experience in mathematical modelling. The findings
from this study have benefits for SA mathematics education and international, particularly in
the modelling content.

2.6. In-service teachers’ prior knowledge of modelling content.

It is significant to consider if the participating teachers have been exposed to mathematical
modelling before, from their basic education to their university teacher training and further to
the curriculum after graduating. This was considered as teachers’ prior knowledge in the study.
Some of the teachers might have been exposed to mathematical modelling but not been sure or
aware of it from their modules and curriculum. For example, in the Grade 12 mathematics
curriculum, there is no specific topic that is directly stated as 'modelling’, instead they refer to
it as 'optimisation’® under the calculus section. From Grades 7 — 11, they usually refer to them
as word-problems?®. In the study conducted by Mudaly and Dowlath (2016) in South Africa,
Kwazulu-Natal, the authors concluded that the PSTs had little awareness of what mathematical
modelling is, some even admitted that they are not aware of modelling from the curriculum, or
they have not heard about modelling from their lectures. But when the authors analysed
participants' responses, they noticed that they are using modelling methods to approach
mathematics problems without being aware of their approaches. From the context of this study,
teachers might solve a variety of word problems using modelling processes without being
aware they are using them.

This hinders in-service mathematics teachers (ISMTs) from developing a positive attitude
towards modelling to the learners since they are not aware they're modelling word problems.
Furthermore, learners might lose interest in it since they won't be aware they're modelling the
problems. Hence, this study also revealed teachers' awareness of modelling in the CAPS

curriculum.

From the study conducted by Frejd (2012) in Sweden, 88% of the participating mathematics

teachers knew mathematical modelling was used to ‘simplify or describe’ things using

9 Optimization in calculus is when you are given a practical problem and asked to find the minimum or
maximum, depending on the context of the question.

10 Word problems are application problems or traditional word problems that are usually found in learners'
textbooks. They usually adapt procedural knowledge in relation to what is currently taught under a specific
mathematics topic (Bliss & Libertini, 2016).

31|Page
The masters dissertation has been approved by the university (WSoE)



SJ Khoza_1636533

mathematical tools. From teachers’ conceptions, things were referred to as events, situations,
reality, objects, and connections. This showed that teachers do know what mathematical
modelling is, but looking at the reviewed literature, their limitations may be arising from the
little content of modelling across the curriculums. Other teachers from the authors' study argued
that modelling is mostly used in other subjects such as science than used in mathematics, their
notions were also discovered by (Gottfridsson, Jonasson & Lindfors, 2003). Looking at the SA
CAPS curriculum, this is true because most of the mathematics content requires procedural
knowledge with formulas to solve them.

The questions are not contextualised with the learner's context, and most of the given problems
do not require learners to create models or formulas to solve them. From my mathematics
learning experiences, in most cases, teachers were emphasising that "you do not have to know
this formula by heart, it will be given to you in an exam". Those kinds of beliefs can promote

procedural understanding®* to the learners instead of conceptual understanding®2.

For the study, four components were used to measure teachers' self-reported prior experiences
for teaching mathematical modelling. components used were adopted from Wess et al. (2021).
Components that were used to measure teachers' previous experiences with modelling are
"General role played by mathematical modelling from the ISTs training courses",
"Preparedness of ISTs for teaching mathematical modelling”, “Nature of modelling tasks
teachers have encountered during their educational journey" and “Teachers’ experiences about
mathematical modelling in various contexts”. The focal point is not only on basic education
and ISTs context but also on extracurricular activities, such as experience in educational

support (tutoring), which are recorded by the component.
2.7.  In-service teachers’ perceptions about mathematical modelling.

Mathematical modelling has been an important topic of discussion in mathematics education
across the world. As learners' modelling competency is considered a central skill for our future
mathematics education in our societies. Even though mathematical modelling is vital in
mathematics education, it turned out to be having very limited research studies relating to ISTs'
perceptions about the teaching and learning of mathematical modelling. From this view and

11 Procedural knowledge (also known as how t0?) is knowledge associated with how to perform a certain task or
specific skill, mostly linked with procedures, methods, and facts.

12 Conceptual knowledge (declarative knowledge) is an explicit or implicit understanding of the knowledge and
principles that hegemonies a domain and of the connection between units of knowledge in a certain domain.
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the relevant literature reviewed, this study aimed to understand in-service mathematics
teachers' perceptions of mathematical modelling particularly in the mathematics FET Grade 10
— 12 CAPS curriculum.

Teachers' perceptions towards mathematical modelling seem to be arising on how they were
exposed to modelling previously, how they define mathematical modelling, and the character
of modelling in their daily-life experiences (Bonyah & Clark, 2022). Teachers’ mathematical
modelling perceptions can be described as teachers’ beliefs and awareness of it regarding their
content knowledge of mathematical modelling and their competency in teaching modelling
(Bonyah & Clark, 2022). The authors further say most mathematics teachers in South Africa
showed insufficient knowledge and pedagogical strategies in approaching modelling in their
classrooms. Thus, their integration of modelling with other mathematics topics is not as good
as other non-South African mathematics teachers, such as German universities. Therefore, the
facet investigated may lead them to understand professional competence for teaching

modelling and building a positive attitude towards their learners in the classroom.

In the study by Sandir (2010) teachers mentioned that they use modelling at the commencement
of the lesson for drawing learners' attention to the lesson, motivate them towards the new
concept to be learned, and allow them to visualise the created concept image. They further
mentioned that they use modelling to avoid unforeseen misconceptions that may occur during
a lesson. This is a good indication of the use of modelling in mathematics because it shows that
teachers apply modelling possibly across all the mathematics topics to ensure that they are
attracted to mastering mathematics, and they see the value of learning the subject. In this study,
teachers’ perceptions about modelling were sought for getting their ideas on how and why the
modelling content should be integrated across the whole mathematics curriculum. However,
the study conducted by Deniz Yilmaz and Akgun (2013) revealed that teachers consider
modelling to be suitable for the topics of algebra and geometry. A further research study
conducted by Ozdemir, Uzelm, and Ozsoy (2017) concluded that teachers suggest that
modelling is good when integrated with measurements, statistics, numbers, and probability.
While results from this study revealed that teachers prefer to integrate it with finance and
statistics. This can be viewed as contradictory between the authors (Deniz Yilmaz et al., 2013,
Ozdemir, Uzelm & Ozsoy, 2017). But still, it indicates that modelling content can be used
across most mathematics topics, and possibly to other subjects for learners to visualise the

concepts and for teaching and learning reinforcement.
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The study conducted by Aydin (2008) outside SA revealed that most mathematics teachers are
unable to conduct their lessons in a manner of speaking that what learners learn in the classroom
will apply to their daily lives experiences, and it was indicated that this obstacle arises from
the way the education system is organised. The root of these obstacles was arising from the
notion that the mathematics education curriculum was not given much time and the modelling
concepts were too abstract for learners to comprehend (Blum, 1991). Hence, the study looked

at teachers' perceptions of modelling content in the CAPS curriculum.

2.7.1. Factors affecting teachers’ perceptions and implications of modelling.

Teachers' beliefs, SEF, and prior knowledge determined their perceptions and
recommendations about mathematical modelling in the curriculum. Meaning some factors
contributes to teachers' perceptions of mathematical modelling and its application. Therefore,
in this study, beliefs, SEF, and prior knowledge are the factors that were investigated to
determine teachers modelling competency and their perceptions about teaching real-life

context in the classroom.

In mathematics education, there are serious discussions on what are teachers’ beliefs and
attitudes suitable for impressive teaching of mathematical modelling among learners.
Chamberlin et al. (2022) asserted that teachers' approaches toward modelling should change
for learners to develop modelling competencies. To ensure that the progress of modelling
competencies is accelerated within a reasonable amount of time, teachers are expected to give
indirect scaffolding of strategic help to the learners. Doerr (2007) points out that at some point
teacher's role must change within their teaching style, that is to improvise®® a lesson. This
means they must have a profound and rational understanding of the distinct approaches learners
may use and bring during their modelling processes. Thus, the teacher's duty in modelling class
is to ensure that modelling sub-competencies among learners are enabled and enhanced through
the suggested strategic intervention by (Wess et al., 2021).

Leiss (2007) developed a model for teacher intervention, the author's intervention model
differentiates between three features of teacher intervention, which are primary knowledge,
area, and the characteristics of an intervention with the teacher. The types of the central feature
of intervention, which is an area of intervention are Organisational interventions, Affective

interventions, Content-related interventions, and Strategic interventions. The latter is

13 Improvising a lesson is to divert from what the educator initially planned his or her lesson and use a different
pedagogical strategy without preparations.
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considered to have high possibilities to help learners to overcome challenges during modelling
processes (Stender & Kaiser, 2015). The current study did not investigate the strategic

interventions among the teachers due to time limitations.
2.8. How modelling is done in other contexts.

The study conducted by Hankeln (2020) showed the comparison between German and France
secondary schools on how modelling is done (taught and learned). In the study, the author was
investigating how learners in Germany and France handle modelling processes. The author
mentioned that they use the traditional way of teaching modelling when they teach
mathematical concepts through contextualised problems. Although these teaching methods are
not fixed, they're sometimes reshaped and improved, and they always influence how certain
mathematics concepts should be tackled and perceived. Therefore, the German
conceptualisation of problems was more relevant to the currently conducted study.

2.9.  South African Grade 10 — 12 Mathematics CAPS Curriculum

Looking at the current CAPS curriculum (see DBE, 2011), it might be that modelling is not as
dominant as it should be across the curriculum (so that mathematics teachers are aware of it)
and integrate it across the subjects. From my personal experience, | agree that some of the
universities (such as Wits University*¥) in SA do offer modelling courses to undergraduates.
Though from what | have observed they are offered from the third year of schooling and not
from their first year of schooling. In addition, some of the ISTs might have done mathematical
modelling courses before depending on which university they enrolled to. But that does not

mean their modelling competencies and competency were well developed and enhanced.

They might have been exposed to teacher-based and lecture-based methods of instruction. That
might have limited them (teachers) in the exposure to creating models on their own and solving
them. It is expected that mathematics teachers should see a curriculum that values development,
conception, and modelling competencies (Haines & Crouch, 2001). Some of the general aims

of the CAPS curriculum do show these characteristics, as one of them encourages learners to

14 The University of the Witwatersrand is one of the top institutions in Africa. The researcher has attended his
undergraduate (and postgraduate) studies at the university. Hence, he is aware of how the modelling content is
structured and taught at the education school.

35| Page
The masters dissertation has been approved by the university (WSoE)



SJ Khoza_1636533

independently recognise and solve problems and make their solution conclusion based on their
creative and critical thinking (DBE, 2011).

Bonyah and Clark (2022) argue that teachers should allow learners to construct their knowledge
during the learning process and they should refrain from teaching them for examination
purposes only. My concern as a researcher is that looking at the South African CAPS
curriculum time frames, do we have enough time to deeply teach learners and let them create
their knowledge during the learning of modelling? Does the curriculum provide knowledge
and skills to mathematics teachers on how they can enhance learners' knowledge construction?
According to Bonyah and Clark (2022), SA university mathematics courses need modelling-
based pedagogical amendments. The author believed that modelling should be the initial phase
of the introduction of an abstract concept in mathematics. Looking at the results obtained, | do
agree with the authors since developing modelling competency for the learners can only occur
when teachers' modelling competency is well developed. Hence, developing modelling
competency for the pre-service mathematics teachers (PSMTs) can minimise workload. By the
time they are qualified and teaching mathematics, including modelling, they will know how to
promote a positive attitude towards modelling to the learners.

The teaching practices that are taking place in mathematics classrooms are influenced by how
the ISTs were taught from basic education to higher education training. As Malambo (2021)
also support this notion that learners' knowledge of mathematical concepts influences how they
will teach the subject in the future. Pehkonen et al. (2013) suggested that the pedagogical
strategies used in the classrooms should be based on constructivist learning theory and it is
believed that this teaching approach has a greater chance of improving learners' modelling
skills. However, the ongoing research studies provide ideas and recommendations on how to
instruct modelling productively and overcome difficulties.

2.10. Chapter summary and conclusion

Mathematical Modelling is a fundamental aspect of mathematics in the curriculum in many
countries. The literature reviewed showed that modelling (in some countries) is considered
from primary education to secondary schooling, and in some countries, they also consider it at
the university level to the PSTs. In SA, it is claimed that modelling is considered by the CAPS
curriculum. While other studies (see Bonyah & Clark, 2022; Mudaly, 2004) revealed that
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teachers are unaware of their mathematical modelling competency (Beliefs and SEF) in the

classroom.

The subsequent chapter 3 provides details on how the study was organised and the research
designs, methods, and methodology used in realising the purpose of the research study.
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CHAPTER 3: RESEARCH DESIGN AND METHODOLOGY
3.1 Introduction

In this chapter, the research design of the study was discussed. | present the specific methods
that I used in collecting, processing, analysing, and interpreting the collected data of the study
to enable me to respond to the four developed research questions (see section 1.6). The specific
methods used, including test instruments (questionnaire) and interviews, in the collection of

data are explained in detail (see sections 3.6 & 3.7).

Firstly, I briefly presented the theoretical background comprising of research methodology and
research design. Secondly, I describe the specific methods that | used to gather data. | organise
the presentation of methods following the four themes that | presented in Chapter 2. The
structure of presentations used to give coherence in my presentation is that each theme links
directly to the research question.

3.2.  Research design and approach

Research methodology and research design may be viewed as the same, but they differ in
producing a research paper. Research methodology is the overall philosophy that guides the
entire research paper process, research methods (Crowe & Sheppard, 2010), on the other hand,
are the practical instructions or approaches that are utilised to realise the purpose of the research

study, for collecting and analysing data, sampling, and procedures purposes.

3.2.1. Research approach

Table 3.1 below entails the summary of the research design and approach that was used to
realize the purpose of the study and to answer the formulated research questions. It was then
followed by the representation of a complete explanation of the procedure and methods used

during the research study process to address the purpose of the study.
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Table 3.1: Research approach and design summary (adapted from Wipulanusat et al., 2020)

Research approach
Research design
Research purpose

Research questions

Objectives of the research
questions
Sampling procedures

Participants
Methods of data collection
Results analysis

Sequential explanatory research design

Quantitative research

Descriptive design (observational study)

To investigate in-service teachers’ beliefs, self-efficacy, and

prior knowledge about mathematical modelling in the CAPS

curriculum using a structural model of professional competence

for teaching modelling.

1. What are in-service teachers’ beliefs about teaching and
learning mathematical modelling in the CAPS curriculum?

2. What are the in-service teachers’ self-efficacy about
teaching and learning mathematical modelling in the CAPS
curriculum?

3. What are in-service teachers’ prior knowledge of
mathematical modelling in the CAPS curriculum?

e To investigate teachers’ beliefs and self-efficacy
expectations about mathematical modelling.

A purposive sampling method was used to select the

participants (N = 40) from the chosen schools.

Grade 10 — 12 Mathematics teachers

Questionnaire (55 test instruments)

The collected data, through a questionnaire, was analysed

through statistical analysis data software (IBM SPSS).

Quialitative research

Explanatory design

To understand teachers’ perceptions about teaching and learning
mathematical modelling in Grade 10 — 12 CAPS curriculum.

4. What are in-service teachers’ perceptions about the modelling
content in the Grade 10 — 12 CAPS curriculum?

e To understand teachers’ perceptions about mathematical
modelling content in Grade 10 — 12 CAPS curriculum.

3 teachers from the 40 participants were purposively selected by

the researcher for the interview.

Semi-structured Interview (16 questions)

Teachers’ responses from the Interview were critically analysed by
the researcher with several steps (see Table 3.3) to the
questionnaire.
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3.2.2. Research design

Research design reveals the fundamental methodological drive of the study and is the
distinctive and study technique that is most satisfactory to respond to the
predetermined research questions. Sileyew (2019). The choice of the research design is
therefore influenced by the study's research problem, research questions, purpose, goals, and

objectives (Sileyew, 2019).

The goal of the research design, according to Bakker (2018), is to increase the researcher's
control over the research study and its reliability, validity, and trustworthiness when addressing
the research topic. In deciding which research design to use, the researcher had to consider
several factors, including the focus of the research study, the research problem, the context of
the study, instruments used for data collection, methods of data analysis, sampling methods
and time constraints. Thus, a mixed method design (sequential explanatory research design)
was used to collect and analyse quantitative (a structured questionnaire) data in the first phase
of the research followed by the collection and analysis of qualitative (interviews) data in the
second phase that builds on the results of the initial collected quantitative results (Creswell &
Creswell, 2017; Creswell, 2012).

The brief theoretical framework that was used in the study was based on a structural model of
professional competence for teaching mathematical modelling developed by (Wess et al.,
2021), which adopted beliefs, SEF, and prior knowledge about mathematical modelling. The
model is associated with test instruments designed to provide a detailed review of PSTs'
modelling competency for teaching mathematical modelling. Hence, it was adopted to provide

a detailed review of ISTs' modelling competency for teaching mathematical modelling.

The focus of the study was investigating teachers' beliefs, SEF, and prior knowledge about
mathematical modelling using some of the tools from the author's structural model (see Figure
2.3) of PC for teaching modelling. A descriptive design with test instruments was used in this
study to measure 1ISTs modelling competency in teaching modelling content, and the interview
questions were used to measure teachers’ perceptions about teaching modelling content in the
curriculum. No treatment was given to any of the participants since the teachers are qualified
and already teaching the mathematics subject including modelling for quite some time. Hence,
it was an observational and explanatory study. The study attempted to reveal and alleviate the

knowledge gap related to teachers' modelling competence.
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3.3.  Context of the study

The current study was conducted in eleven (11) suburb Johannesburg secondary schools from
Gauteng province, with forty (40) Grade 10 — 12 mathematics teachers. The schools are in the
Johannesburg North and Central region of Gauteng Province of South Africa. All 11 schools
that form part of the study were under the government of Johannesburg North and Central
Districts, and the prominent languages were mixed, including English, isiZulu, Sepedi, and
Sesotho®®.

3.4.  Structure of the study

The study was separated into two phases. The two phases occurred concurrently. Phase one
was concerned with a quantitative research design approach, which used a structured
questionnaire to gather data. The second phase was concerned with the qualitative research
design approach, which used interviews to collect data. In the following sections, I outlined in
detail how the qualitative and quantitative designs were used. Then followed by an explanation
of why mixed methods research design was an important choice for the research design of the

study.
3.5.  Sampling procedures and methods

Participant selection in a research study plays a significant role in ensuring a comprehensive
understanding of a phenomenon being investigated and to realise the purpose of the study in
connection to the topic and research problem. It is the researcher’s responsibility to select
specified participants who know what is being investigated (Creswell & Creswell, 2012;
Sargeant, 2012). In this study, participants with knowledge and experience in teaching and
learning mathematical modelling were considered and purposively selected. The following

section details the selection procedures of GDE schools and participating teachers.

3.5.1. Targeted participants

Participating teachers in this study were Grade 10 — 12 mathematics teachers (N = 40) from
suburb public secondary schools (N = 11), and the Gauteng Department of Education (GDE)
under Johannesburg North and Central District. There were no age or gender limits in the study.
However, participants that opted to complete the questionnaire were aged between 23 to 62

15 These are four of the eleven official languages that are spoken in South Africa.
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years. All the participating schools selected were government public schools. The study used a
purposive sampling method to approach forty Grade 10 — 12, mathematics teachers. The
selected population was mathematics teachers who have been teaching mathematics, including
mathematical modelling for quite some time. Experience in teaching mathematics was an
average of five (5) years in service (see Table 4.1). Some of the participants confirmed that
they have seen mathematical modelling (word problems or optimisation) before from their high
school education, while others started doing it at the university level. From my knowledge,
mathematical modelling is sometimes called word problems (from Grades 7 — 11) and then
optimisation (in Grade 12). That was explained to some of the participants who requested
clarity about the modelling concept to ensure that they are familiar with how the term

mathematical modelling was used in the research study.

The purposive sampling method is the researcher's intentional choice of choosing participants
for a particular study due to the characteristics that the participants demonstrate and are
advantageous. It is a non-probabilistic method that does not need basic theories for selecting
potential participants (Etikan, Musa, and Alkassim (2016),). Other authors (Cohen, Manion,
and Morrison, 2007; Kumar, 2018) further add that the primary consideration in purposive
sampling is the judgment of the investigator as to whom can supply the supreme information
to the goal of the study. The researcher simply decides what needs to be realised about the
purpose of the study and looks out for participants who can and are willing to share their
knowledge and skills about what is being investigated in the study. All participating teachers
completed the same test instruments about beliefs, SEF, and prior knowledge about
mathematical modelling. Out of the 40 participating teachers, only three teachers were

purposively selected for an interview to confirm the obtained quantitative results.

3.5.2. Selection of the Participants’ Method

The method used to select the participating teachers was also a purposive sampling method.
This method was used because the researcher needed mathematics teachers that show
"particular characteristics being sought after, to make sure they could engage with the research
questions™ (Cohen et al., 2007, p. 115). The researcher in the study tried to select mathematics
teachers that demonstrated knowledge and experience in teaching mathematics, including
mathematical modelling in Grades 10 — 12 within suburban secondary schools. Suitable for the
study, 40 mathematics teachers were purposively selected from eleven different secondary

schools, and the method used to select the participants was not too complex, but a linear
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process. One of the grounds for having 40 mathematics teachers was the fact that each

secondary school was having approximately four Grade 10 — 12, mathematics teachers.

3.5.3. Schools’ selection method

In this study, | adopted the purposive and non-probability (convenience) sampling method to
select the schools that took part in the study. The schools which were used to realise the aim of
the study were selected purposively on the basis that was easily accessible by the researcher.
Additionally, the eleven schools were close to each other and were selected based on the
advantage to move between them whenever | needed to clarify some things in person as the
researcher. The short distances between the schools helped in cases where one participant
cancelled an interview session because of other responsibilities, thus | could easily go to
another school where the teacher was available for an interview session. The schools were

under the same curriculum followed in South Africa, which is the CAPS curriculum.
3.6. Data collection (Questionnaire)

Some of the test instruments that were used in the study were in a form of closed written form,
with a range of a combination including multiple-choice using a 5 Likert scale with factors.
This was used to gather in-service teachers' beliefs, SEF, and modelling prior knowledge.
Teachers' perceptions about teaching and learning mathematical modelling were collected
through semi-structured interview questions. Three participating in-service teachers were

selected for the interview sessions.

The test instruments were conducted as a single test among the Grade 10 — 12 mathematics
teachers at the secondary school level. There were fifty-five (55) test instruments
(questionnaires) that were used to gather in-service teachers' beliefs, SEF, and prior knowledge
about mathematical modelling. As a result, the study used the following items in each factor to
answer the formulated research questions about teachers' competency in mathematical
modelling. 16 items were used to measure ISTs' beliefs, 15 items were used to measure ISTs
self-reported prior experiences, 24 items were used to measure ISTs’> SEF, and 16 interview
questions were used to collect teachers' perceptions about mathematical modelling in the Grade
10— 12 CAPS curriculum.

The questionnaire responses were collected through a Google form, downloaded, printed, and

coded (see Appendix A) from version 1 to version 63 for Statistical Package for the Social
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Sciences SPSS? software coding purposes. The duration of completing the questionnaire test
instruments including instructions was approximately 20 minutes, and the duration of interview
sessions varied for each participant depending on the responses they were providing. Since
other participants gave responses that required follow-up questions about the research problem
and topic, thus the average duration was approximately 45 minutes for each participant. Each
participant in the study was provided with a book test (google form) by the researcher that had
a questionnaire test instrument. Interview sessions were scheduled with the three Grade 10 —
12 mathematics teachers who contested to take part in it after the researcher had purposively
selected them. It was made clear to the participating teachers that no support will be allowed
during the completion of the questionnaire to ensure that the data collected demonstrate valid
and authentic information about the individual ISTs modelling competency. In addition, the
prohibition of support from completing the questionnaire was also to make certain that the
obtained results are the true reflection of the chosen population of the study to represent the

whole population, which also allows the generalisation of the study findings.

After consideration of the questions that were used in this study to investigate ISTs beliefs,
SEF, and prior knowledge, and the interview questions that were used to understand teacher's
perceptions about modelling, the test instruments and interviews questions were
comprehensively given to participating mathematics teachers using a random sample of

choosing from Johannesburg North and Central schools.

First test part of the study

The collection of data for the study began with the formation of a unique personal code for the
anonymity task of the participants, for the test book (google form). The codes were created
based on the participants' initial and first letters of their surnames. For example, for a teacher
whose Irene Naidoo, the code would be (IN). Some of the brief questions on participants' (ISTs)
general information included gender, age, sub-major'’ subject, and the number of years
teaching mathematics or grade. This was followed by the test instruments (see Appendix A)
for teachers’ beliefs (16 questions), SEF (24 questions), and prior experiences (15 questions)
about mathematical modelling (Wess et al., 2021).

16 SPSS (Statistical Package for the Social Sciences) is a statistical software used by different kinds of
researchers for heavy statistical data analysis.
17 Sub-major is another subject you are qualified to teach in addition to your main teaching subject.
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The factors connected to the ISTs were measured using a Likert scale of five, with the
expressions "strongly disagree” (ranked 1), "disagree” (ranked 2), "neither agree nor disagree”
(ranked 3), "agree" (ranked 4), and "strongly agree" (ranked 5). The five-point Linkert scale
was chosen to provide participants (ISTs) moderate level of expression and prevent them from
being persuaded to take a position on the questions that would harm the study's attempt to
collect data. Nonetheless, three participants were given the chance to express their opinions
during the interview sessions in response to the last study question concerning how they felt
about the teaching modelling in the CAPS curriculum for Grades 10 to 12. The Likert scale of
five options to choose from also made it possible to use a verbal range to express one’s self-
degree of approval in a varied manner (Anjaria, 2022; Bihner, 2011). The following sub-

sections provide details on how the questionnaire and interviews were conducted.

Questionnaire

The questionnaire consisted of 55 questions with the 5 Likert scale. For teachers' beliefs (16
questions), SEF (24 questions), and prior experiences of mathematical modelling (15
questions). Some of the questions were negatively worded (mostly from SEF) and were
reversed scored 8during the analysis of the data. The objective of these factors was to
investigate teachers' modelling competency about learners' modelling processes.

3.6.1. In-service teachers’ beliefs about teaching and learning of modelling.

This scale had 16 questions that were used to collect data from ISTs about their beliefs in
teaching and learning mathematical modelling. Meaning, the participants shared their beliefs
about modelling during their secondary schooling times and provided beliefs about teaching
modelling in the classroom, to see if it has a certain value in the mathematics they teach. The
belief scale was measured using four components. Which are modelling in the classroom,

application of modelling, constructive belief, and transmissive belief.

From the test instruments (refer to Appendix A), questions 1, 5, 12, and 15 were used to test
the aspect of ‘modelling in the classroom beliefs’. questions 1, 3, 9, and 13 were used to test
‘mathematical modelling in the classroom'. Questions 3, 8, 11, and 14 were specifically used

to test ‘constructivist beliefs’ among the teachers. Lastly, questions 6, 7, 10, and 16 were

18 Reverse scores occur when there is a negative formulated of statements as the opposite of positive statements
and are used to show an opposing idea of what is being investigated.
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specifically used to test the ‘transmissive belief” among the teachers. Test instrument samples

are shown in Table 3.2 below.

Table 3.2 Examples of the test instruments on beliefs about mathematical modelling (adopted
with permission from Wess et al., 2021).

Components Test instrument example

Beliefs about the application of “In mathematical modelling, you work on tasks

mathematical modelling that are more practical.”

Beliefs about mathematical modelling “Learners should be given the opportunity to do

in the classroom mathematical modelling in the classroom.”

Constructivist beliefs “Learners learn mathematics best by discovering
their own ways of solving problems.”

Transmissive beliefs “Teachers should provide detailed procedures to
learners for solving application problems.”

3.6.2. In-service teachers’ self-efficacy about teaching and learning modelling.

Teachers modelling SEF was measured based on the notion of one's efficacy in recognising
learner's performance abilities during modelling processes. 24 questions about ISTs SEF of
mathematical modelling were used in this study. They required self-evaluation of one's
(teacher) own efficacy and identifying the abilities of learners in the cycles of the modelling
process. Teachers were not given learners mathematical modelling written work to identify
their abilities, but they were generally asked about their abilities extent to identify learners’

abilities from their written mathematical work.

The modelling cycles that were included in the test items included building a mathematical
model from a real-world model, simplifying, mathematics, interpreting, validating, and
exposing the results (Hankeln et al., 2019) since these are specific modelling sub-competencies
with specific diagnostic requirements for the modelling process. It was acknowledged by the
researcher that teachers might not know the mathematical modelling cycles before, but they
were using other methods in approaching modelling questions. Hence, teachers during the
completion of the questionnaire were allowed to ask for clarification of the modelling

processes.
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The test instruments from Wess et al. (2021) that were included in the SEF questionnaire
required teachers to assess their effectiveness and recognise learners' skills in the phases during
the modelling processes. To analyse the data, two one-dimensional components were used:
'SEF for mathematical modelling' and ‘SEF for working mathematically’ during modelling
processes. Test instruments samples are shown in Table 4.10 (see sub-section 4.2.5). questions
17, 20, 25, 26, 29, 30, 31, 32, 33, 34, 35, 36, and 37 formed a scale of ‘SEF for mathematical
modelling’. These are specific phases during mathematical modelling processes, they are
comprised of phases such as simplifying, interpreting, and validating. Questions 21, 23, 24, 27,
28, 35, 36, and 40 formed a scale of ‘SEF for working mathematically’. These items were used

to diagnose written mathematical modelling work by the learners.

3.6.3. In-service teachers’ prior knowledge of modelling content.

This component included 15 questions (refer to Appendix A) to measure teachers' prior
knowledge about teaching and learning mathematical modelling. For realising teachers' prior
knowledge about mathematical modelling from the questionnaire, the 15 questions were
composed of four components, which are ‘General role played by mathematical modelling
from the ISTs courses’ (41, 45 and 49), ‘Preparedness of ISTs for teaching mathematical
modelling’ (42, 44, 46, 48 and 50), ‘Nature of modelling tasks teachers’ have encountered
during their educational journey’, (47, 52 and 55) and ‘Teachers’ experiences about

mathematical modelling in various contexts’ (43, 49 and 54).
3.7.  Data collection (Interviews)

Interviews are still considered one of the most significant test instruments of the qualitative
research method. When used appropriately by researchers in their research studies, often more
details and better responses are obtained than any other method of data collection (e.g.,
questionnaire), since participants have room to share more knowledge and experience about
the research problem. The reason for this advantage is that participants are more comfortable
when talking than writing (Best & Kahn, 1998) since they get to share more of their perceptions
about the research topic. It has been recommended (Kakilla, 2021) that interviews should use
unstructured or semi-structured interviews so that interviewees can move freely with the
discussion in any direction of their interest (both interviewer and interviewee). This method is
particularly useful for investigating and understanding a topic under discussion broadly
(Trochim, 2002).
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3.7.1. Teachers’ perceptions about mathematical modelling content.

Teachers' perceptions and recommendations about modelling in the CAPS curriculum were
collected in the form of interviews. Semi-structured interview questions were used,
characterised by open-ended questions, but discussions around modelling were opened during
the interview if teachers are willing to share more perceptions and recommendations beyond
asked questions. As aforementioned, sixteen (16) interview questions were planned to collect
data for the study, and then follow-up questions depending on the teacher's response were

asked.

From the study, in addition to data collected through a questionnaire, phase 1, semi-structured
interviews were conducted with three (3) teachers who contested to take part in the study. The
objective of the interviews with teachers was to get more details about the teaching and learning
of mathematical modelling in Grade 10 — 12 secondary mathematics education, and how it is

structured from the CAPS curriculum.

During the interviews, teachers we requested to respond to the interview questions in an open-

minded way to the following factors:
e Their familiarity and prior knowledge of mathematical modelling.
e Their pedagogical strategies and awareness of teaching modelling.
e Integration of mathematical modelling in Grade 10 — 12 CAPS mathematics topics.

In qualitative research design, the researcher collects and analyses the data of the study. This
is because, in qualitative research design, the researcher is attempting to reveal participants
understanding and perceptions about an existing natural phenomenon (Alharahsheh & Pius,
2020). In this study, the researcher used interviews as a qualitative research design to collect
teachers' perceptions and recommendations about the teaching and learning of mathematical
modelling in the CAPS mathematics curriculum. Semi-structured interview questions were
used to collect data about teachers' perceptions, interviewee (teachers' participants) was asked
to give their responses in an open-minded way of responding to ensure that the researcher gets
as much information and understanding as he can about teachers' modelling competency. The
open-ended interview questions (see Appendix B) used were guiding questions but also gave
the participants room to respond freely. The participants and the researcher were both able to
shift the discussions during the interview to their topic of interest about the asked questions.
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This means the participants were able to respond broadly about mathematical modelling
content with the CAPS curriculum. Furthermore, the researcher was able to ask a follow-up
question after the participant has responded and there seem to be a burning topic around his or
her response.

3.8.  Organisation and analysis of data

Sheard (2018) indicated that the aim of analysing the findings of the research study is to lessen
and consolidate the collected information and make conclusions about the population used.
While the aim of interpreting the collected data is to merge the findings of the data analysis
with standards, criteria, theories, and value statements to make conclusions, judgments, and

recommendations for future research.

The results of the study were obtained through the predetermined research questions above,
using a structured questionnaire (closed-ended) multiple choice with a 5 Likert scale and semi-
structured interview questions. To see the relationship and link between teachers’ beliefs, SEF,
prior knowledge, and their perceptions about mathematical modelling from the responded
questionnaire, the collected data were coded and analysed through a statistical analysis data
software (IBM SPSS). The interview responses were critically analysed through qualitative
data analysis (interview) steps (refer to Table 3.3, section 3.8.4) adopted by Kiger and Varpio
(2020) concerning the results obtained from quantitative. As | was interested in investigating
and understanding IST's professional competence for teaching mathematical modelling using
a structural model developed by Wess et al. (2021). For this study, basic descriptive parameters
were used to analyse the data collected, including the overall mean () and standard deviation
(o). The investigation of the study sites included the Johannesburg North and Central District,
Gauteng Grade 10 — 12 secondary schools. Data was gathered from GDE schools, between
September - October 2022. Data analysis and discussions of the obtained results took place

between November 2022 and January 2023.

Interview questions were closely related to the questionnaire. In most cases, the questionnaire
limits participants since they use a 4, 5, or 7 Likert scale to choose from. Therefore, the
interview responses were used to elaborate more on what teachers think about modelling the
curriculum. It allowed them to provide me as a researcher with their experiences from

secondary education to their teaching profession.

49 |Page
The masters dissertation has been approved by the university (WSoE)



SJ Khoza_1636533

From the qualitative research method, the study objective was focused on teachers' perceptions
and recommendations about the teaching and learning of mathematical modelling in the CAPS
curriculum. The semi-structured interview questions used in this study were open-ended in
nature. In this study, the relevant literature and the framework analysis are two approaches that
were adopted to analyse the qualitative collected data of the study. It was significant for the
data analysis process to be carefully analysed and interpreted with the key themes with teachers'
responses. Framework analysis is an approach that attempts to identify similarities and
differences in applied research policy (Srivastava & Thomson, 2009). In addition, it is more
suitable when analysing qualitative research data that have particular questions. Hence, it was
adopted from the study because there were specific questions asked to the participants for a

better understanding of the research problem at hand with their knowledge and experiences.

3.8.1. Methods of answering research questions

In answering the research questions about beliefs, SEF, and prior knowledge about modelling,
a structured questionnaire (closed-ended) — multiple choice questions using a 5 Likert®® scale
(strongly disagree, disagree, neither disagree nor agree, agree, and strongly agree) was used to
enable the researcher to analyse the data using the 'quantitative research method'. The collected
data were analysed through the SPSS software. The last research question about teachers’
perceptions about the teaching and learning of modelling was answered through interview
sessions, which allowed the researcher to use the 'qualitative research method'. The interview
questions were informed by the quantitative data since the study was using a sequential
explanatory design. Thus, the study adopted a 'mixed method research design' approach.

A mixed research method is an integration of both qualitative and quantitative research
methods in one study (Cresswell, 2012). A research design of a study is a mixed research
approach if it involves qualitative and quantitative research approaches in answering developed
research questions and test instruments to be used in collecting data, sampling procedures, and
data analysis. It is useful for gaining an understanding of the research problem, topic, and
context. Quantitative study research obtains the objectivity of the participants whilst the
qualitative method achieves the explanations, details, and perceptions about the research
problem from the participants.

19 A Likert scale is an ordered scale developed in 1932 by Rensis Likert from which respondents choose one best
option that aligns with their perceptions. It is often used to measure respondents' attitudes, and to rate themselves
on what extent they agree or disagree with a certain statement.
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3.8.2. Coding participants questionnaire

During the coding of the obtained data from SPSS software, it was noticed that not all questions
were answered by the participating mathematics teachers. To avoid missing values from the
data that may disadvantage the process of data analysis, the following decisions were taken by

the researcher.

Missing value (s): Not all 40 ISTs were able to respond to the 63 questions (according to the
coding, see Appendix A) from the questionnaire. The first eight questions from the
questionnaire were about participants' general information refer to Table 4.1). questions that
had options including 'other' and were unanswered by the participants were coded 'other'. That
was decided by the researcher based on whether the participants didn't have their options listed
from the given options or the participants didn't want to reveal the information for
confidentiality purposes. From questions nine (9) to sixty-three (63), which were the Likert
scale options, where the participants left it blank, it was given a scale of three (3) (neither

disagree nor agree).

3.8.3. Test instruments for questionnaire data analysis

In-service teachers’ belief about teaching and learning of modelling.

Research question 1; teacher's beliefs about mathematical modelling were answered through
four components of beliefs (modelling in the classroom, application of mathematical

modelling, constructivist belief, and transmissive belief).
In-service teachers’ self-efficacy about teaching and learning of modelling.

Research question 2; teachers' self-efficacy (SEF) about mathematical modelling was answered
through two components of SEF (SEF for mathematical modelling and SEF for working

mathematically).
In-service teachers’ prior knowledge of modelling content.

Research question 3; teachers’ self-reported prior knowledge and competence about
mathematical modelling was answered through four components (General role played by
mathematical modelling from the ISTs courses, preparedness of ISTs for teaching

mathematical modelling, nature of modelling tasks teachers have encountered during their

51|Page
The masters dissertation has been approved by the university (WSoE)



SJ Khoza_1636533

educational journey and teachers’ experiences about mathematical modelling in various

contexts.
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Table 3.3 Example of the test instruments for measuring teachers’ belief, SEF, and prior knowledge about modelling (adopted with permission
from Wess et al., 2021)

knowledge and competence
in mathematical modelling?

experiences

mathematical modelling from
the ISTs courses.
Preparedness of ISTs for
teaching mathematical
modelling

Nature of modelling tasks
teachers’ have encountered
during their educational
journey.

Research questions Scale(s) Component(s) Example(s)
1. What are in-service teachers’ Beliefs 1. Modelling in the classroom “Learners should be given the opportunity to do mathematical
beliefs about teaching and 2. Application of modelling modelling in the classroom.”
learning of mathematical 3. Constructivist belief “In mathematical modelling, you work on tasks that are more
modelling in the CAPS 4. Transmissive belief practical.”
curriculum? “Learners learn mathematics best by discovering their own
ways of solving problems.”
“Teachers should provide detailed procedures to learners for
solving application problems.”

. What are in-service teachers’  Self- 1. Mathematical modelling “... the assumptions they made when modelling.”
self-efficacy about teaching  efficacy 2. Working mathematically ““... their handling of the mathematical symbols and operators
and learning of mathematical (SEF) used in modelling.”
modelling in the CAPS
curriculum?

. What are teachers’ prior Prior 1. General role played by “Mathematical modelling has already been addressed in my

teacher training courses.”

“I have already been presented with knowledge to teach
modelling.”

“I have solved modelling tasks myself during my teacher
training.”
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4. Teachers’ experiences about “Mathematical modelling played a role in my first year of
mathematical modelling in teaching at school.”
various contexts

Research question 4 method of data analysis is discussed below (see section 3.8.4).
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3.8.4. Interviews (qualitative) method of data analysis

Out of the many qualitative data analysis methods (see Charmas & Belgrave, 2012; Ritchie &
Spencer, 2002), | choose to employ the thematic analysis method because it entails engaging
oneself in the data to discover common patterns, concepts, or themes that arise from the
phenomenon being studied and that are consistent with the research questions raised in the
study. The thematic analysis method is a method used in the analysis of qualitative data that
involves looking out across obtained data, identity, verifying, analysing, and reporting the
repeated patterns (themes) (Kiger & Varpio, 2020). It is said to be the best and most appropriate
when a researcher intends to investigate and analyse participants' thoughts, experiences, and
behaviours (see Braun & Clarke, 2012).

One of the steps (see Table 3.3) in the analyses of qualitative data, a researcher needs to identify
relevant themes from the transcripts to ensure it is in line with respondents' responses. In the
identification of themes from the obtained qualitative data through the thematic analysis
method, a researcher may opt to use an inductive approach or deductive approach (Braun &
Clarke, 2012). | decided to use the inductive approach method in the identification of themes
because | wanted to provide first-hand knowledge, information, and findings through
observations, then finally draw general conclusions which predict what will be found in future
research. The inductive method (as used in grounded theory) derived themes from the research
obtained data (Varpio, Young, Uijtdehaage & Paradis, 2019). Conversely, the deductive
approach method uses an already existing framework, theory or researcher focus interested in
the identification of themes (Braun & Clarke, 2012; Varpio et al., 2019).

The thematic analysis method involves six (6) steps (refer to Table 3.3) during the process of
data analysis; 1. A researcher familiarises himself/ herself with the data, 2. Generating codes,
3. Searching for relevant themes, 4. Review of the identified themes, 5. Naming and defining
themes and 6. Reporting results. Table 3.4 shows and describes data analysis steps that were
followed in analysing the semi-structured interview responses that were provided by the

participating ISMTSs in this study.
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Table 3.4 Qualitative data analysis (interview) steps (adapted from Kiger and Varpio, 2020).

Analysis Steps/categories

Steps
1

A researcher familiarises
himself/ herself with the data

Generating codes

Searching for relevant themes

Review of the identified themes

Naming and defining of themes

Reporting results

Description of each step

The researcher becomes familiar with the obtained data
from the participants, which involves relevant and
interesting statements of the data.

At this stage, the researcher begins to make notes and
connections of likely data items of questions, interest,
connections between data patterns, and another
preliminary hypothesis from the researcher.

At this stage, the researcher examines the generated codes
and looks for potential major themes from the data that may
have greater potential in answering the developed research
questions.

During this step, the researcher looks at the generated
codes about the developed themes to see if they
appropriately fit. This is the stage where the researcher
intensively confirms if all the identity themes will
sufficiently and positively contribute to the realisation of
the purpose of the study and answering research questions.
During this step, the researcher names and describes each
theme and provides an explanation of why it is important
to the broader research questions and why should be
considered in the final report.

This step has to do with the writing up of the report and
analysis of the obtained data concerning the observed
themes, the purpose of the study, other relevant studies, and
theories.

How each step was used to analyse the data

| first transcribed the data and then familiarised myself
with the transcribed data.

I focused on the patterns of teachers’ responses and see
what is it that is dominating their responses.

| then started to pick relevant themes for my study that
may potentially answer the research questions.

| then reviewed the themes that stood out concerning the

observed pattern of the teacher’s responses.

At this stage, | was naming the themes and describing

what each means and relates to the study.

During the final stage, | was reporting the results under
each theme with other studies and theories.
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3.9.  Trustworthiness of the study

Researchers (see Kyngés, Kaaridinen & Elo, 2020; Krefting, 1990; Schwandt, Lincoln & Guba,
2007) described the trustworthiness of research as demonstrating the true value of the research
findings analysis. On the other hand, Kyngas, K&aridinen and Elo (2020) viewed the
trustworthiness of a research study as constituting ideas such as quality, truthfulness, and
authenticity of the study findings. The authors asserted that reliability and validity were phrases
used to measure the trustworthiness of both qualitative and quantitative. For this study, I
adopted the trustworthiness of the research discoveries for the qualitative research method that
comprises credibility and dependability which was first addressed by (Lincoln, 2007) in his
model. Then the validity and reliability of the study are shown with justification as well for the
trustworthiness of the quantitative research method. Morse, Barrett, Mayan, Olson and Spiers
(2002) argued that researchers must keep in their mind that while trustworthy of the study is
useful to evaluate the standards and validity of the study, they do not themselves get to decide
if their research findings will be relevant to the on-going decisions about the topic and
transferable, but other scholars and researchers will decide on the transferability and use the

information about their studies and experiences to come into a conclusion of relevancy.

3.9.1. Credibility

The criterion of credibility is to ensure that readers do believe that the information that is
reported in this research study is trustable and valid, meaning it is credible and shows the
conceptual explanation of the research. The researcher reported the results with confidence
showing both the strengths and restrictions of the research study are considered credible for
research in the field. I also considered that since | have experience with the topic of research
from high school to university level, hence the experience and knowledge | have might affect

the findings and analysis of the collected data.

The researcher also ensured that the way of asking questions, particularly during interview
sessions does not influence participants to answer in a certain way that will affect the findings
of the study. | as a researcher also ensured that | choose participants that show more
characteristics that are relevant to the research problem and topic, and they demonstrate
integrity (credibility) about the research study. Participants were also shown a sample of the
research findings after data analysis for them to confirm if they are the true reflection of their
experiences with the research findings. For the objective of the qualitative research method,
credibility was ensured due to the descriptions of participants’ experiences being immediately

57| Page
The masters dissertation has been approved by the university (WSoE)



SJ Khoza_1636533

recognised by the researcher which showed that most participants that were interviewed
showed the same perceptions about the teaching and learning of mathematical modelling
(Sandelowski, 1986).

3.9.2. Dependability

Anney (2014) explains that dependability also involves participants (mathematics teachers)
commenting and suggests on the interpretation of the study findings and recommendations to
ensure that the results are supported by the participants about the research problem and their
knowledge and experience. Thus, five participating teachers were requested to examine the
research findings from the report and make recommendations to ensure that it is the true

reflection of their responses, knowledge, and experiences in the mathematical modelling field.

| believe that other researchers in the discipline of mathematical modelling will follow and
understand the inferences made from this study based on the data collected. Hence, this shows
that the participants did not have much knowledge about the research topic, thus the research
analysis was open, but considering that the researcher has knowledge about the research topic
and that might affect the findings analysis of the study. With that being said, the researcher
ensured that tables, graphs, figures, and quotes are included from the teacher's interview
responses that explicate the data analysis process for this research report. The data of the study

were analysed twice to ensure that the analysed results were consistent and valid.
3.10. Reliability of the study

According to Trochim (2006), in research, the reliability of a research study comprises
consistency, repeatability, stability, and dependability of the participant's responses and the
researchers' ability to record the collected data accurately. Reliability in a study is achieved if
the findings of the collected data will always possibly demonstrate the same results about the
study if repeatably examined. The reliability of the study is internal consistency, meaning each
test instrument was considered separately. In obtaining higher internal consistency, more test
items were used and considered a strong positive association between the test instruments to
ensure that most of the issues related to the research topic are addressed, and interview

questions were related to the questionnaire.
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Babbie and Mouton (2001), suggested the following reliability measures that can be put in

place for qualitative research:

o What the researcher observes during the research process.

o Posing difficult questions to the participants.

o Asking questions that do not have straight answers and confusing the participants
to get more insight about the research problem.

The reliability of the study was ensured by:

e Adopting a mixed research method in the study.

e Choosing participants that are familiar with the current topic under discussion and
senior teachers (including HODs?®) that also shared their experiences about the topic
and how mathematical modelling can be possibly integrated into the CAPS
curriculum.

e Audio recording (interview) and transcriptions were used as one of the methods of
data collection to see the response pattern between the qualitative and quantitative

research methods.
3.11. Validity of the study

According to Alvis (2022), validity in research is described as the accuracy of the data
measurement. Validity indicates how a specific test instrument is appropriate for a particular
research problem or research topic. If the results are appropriate and accurate according to the
researcher's research problem, clarifications, and assumption, then the research study is deemed
valid research. If the research design, methods, and methodology that are used in the research
study are accurate, then it will produce accurate and appropriate results and a valid research
paper. If a research method in a study is reliable and used properly, then it is valid. In contrast,
if a research method is not reliable, then it is not valid and it won't produce an appropriate and

accurate research paper.

The validity of the study was ensured by using test instruments and interview questions that

are accurate to measure individual (participants) characteristics, abilities, and behaviours. Test

20 HOD (Heads of Department) are directors, guides, and supporters of the teachers within a certain subject
(mathematics in the study). The person further provides development and leadership to the teachers to ensure the
smoothly run of a day-to-day subject in the school.
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instruments that were used ensured appropriate and immediate conclusions were drawn from

participants' responses.

3.11.1. Internal validity

Internal validity explores whether the research study design, methodology, and findings
analysis answer the formulated research questions without being biased (Rooney, Cooper,
Jahnke, Lam, Morgan, Boyles & Lunn, 2016). For example, improper methods of choosing
participants that do not show characteristics about the research topic, bias, and missing
collected data can all compromise the validity of the research findings and inferences. Hence,
a suitable technique for selecting participants that show characteristics of the research topic
was used, data was kept in a password-protected laptop to avoid missing some of the collected
data.

3.11.2. External validity

The external validity of a study according to Findley, Kikuta, and Denly (2021) refers to the
potentiality of the findings of the research study to be generalised in other fields or other
targeted populations. Meaning, the chosen participants of a study must represent the whole
population so that it can be generalisable back to the whole population and contexts. Hence,
some of the results obtained from the teachers we generalised, such as teachers' prior
knowledge about modelling. It was confirmed that a good number of teachers in the profession

know modelling in the curriculum.
3.12. The bias of the study

According to Rinjit (2020), bias is a systematic twisting of participants' responses by the
researcher or by the way the test instruments are organised and used. Research trustworthiness
and accuracy can be compromised if bias is not considered during the research process. Hence,

it may result in poor reliability and validity of the study.
I minimised bias in my research study by utilising the following procedures:

e A comprehensive relevant literature review about teachers’ mathematical modelling
competency.
e Choosing participants (teachers) that demonstrate a representative sample of the whole

population about the research problem.
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e Asking questions that are not influencing the participants to respond in a certain way
will advantage or disadvantage the findings of the study.
e Verified the statistical analysis (IBM SPSS) used to analyse the collected data, and the

steps followed to critically analyse the interview responses.
3.13. Ethical Considerations

Regarding ethical issues, ethical clearance was requested from the Wits Human Research
Ethics Committee to conduct the study, and a clearance certificate with protocol #H22/07/14
was granted. | sent the information sheets and requests to GDE (approved, see Appendix K),
school principals (approved, see the sample from Appendix L & M), and participants (teachers)
(see Appendix I & J) to take part in the study. Participants were also given consent forms to
agree or disagree to take part in the study. Only participants who consented were allowed to
get involved in the study. All minimal potential risks, what was expected from them, and the
purpose of the study was explained to them in detail before taking part in the study. Participants

were freed from withdrawal to participate in the study at any time.

Participating teachers were told not to share their details in any of the questionnaire test books,
and their responses were stored in a password-protected laptop throughout the research process.
Coding was used to differentiate teachers' questionnaire test books (e.g., NM, KN, and SN).
The two letters were formed based on the teacher's first name and family name. Participants
were told that though their interview responses may be audio-recorded and quoted in the
research report writing, their details will not be shared in any of the publications or transcribed

copies of the interview. Hence, they were quoted anonymously.

As aforementioned, the data of the study was kept in a password-protected laptop throughout
the research process. Participants who chose to fill in hard copies of the questionnaire and their
test books were stored in a locked drawer in an office. Research data was only shared with the
student supervisor. No personal information of the participants was shared during and after

research report writing (quotations or publications).
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3.14. Chapter Summary and Conclusion

This chapter discussed research methods, approaches, procedures, and methodology used
during the research process, and the responsibility of the researcher as a main tool for data
collection and analysis. Tools that were used to collect and analyse data were described in
detail. Ethical considerations during the collection and analysis of data were described, and the

trustworthiness, reliability, and validity of the study issues were addressed.

The next chapter 4 presents the obtained results with the aid of diagrams, figures, and tables.
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CHAPTER 4: RESULTS PRESENTATION AND ANALYSIS
41 Introduction

This chapter provides a report of the research results presentation and analysis that was
obtained from the questionnaire (teachers’ responses based on their beliefs, self-efficacy (SEF),
and prior knowledge about mathematical modelling) and semi-structured interviews (teachers’
perceptions about teaching and learning of mathematical modelling) with the CAPS

curriculum.

The data collected and presented in this chapter which are teachers’ responses from the

questionnaire and interviews were aimed to answer the following research questions:

1. What are in-service teachers’ beliefs about teaching and learning mathematical
modelling in the CAPS curriculum?

2. What are the in-service teachers’ self-efficacy about teaching and learning
mathematical modelling in the CAPS curriculum?

3. What are in-service teachers’ prior knowledge of mathematical modelling in the
CAPS curriculum?

4. What are in-service teachers’ perceptions about the modelling content in the Grade

10 — 12 CAPS curriculum?

Data collected compromises of audio-recorded (interviews) and completed questionnaires by
the mathematics teachers. With some of the major themes arising from the interviews (see
section 4.3).

Three major focused themes (scales) were used in the presentation, analysis, and discussion of
the quantitative obtained results. From the questionnaire, the major themes are teachers’ beliefs
about mathematical modelling, teachers’ prior knowledge about mathematical modelling, and
teachers’ SEF about mathematical modelling. These themes were formulated based on the
predetermined research questions of the study to ensure that each theme answers each research
question in line with the theoretical framework used, which is the structural model of
professional competence for teaching mathematical modelling (belief, self-efficacy, and prior
knowledge from Wess et al. (2021)).
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After critical analysis of all teacher’s questionnaires (using SPSS software) and interview
responses, a few representative teachers’ excerpts are provided in the sections below to show
a sample of their responses. Teachers' interview responses were transcribed (see Appendix F,
G & H) to restrain loss of fluency. In the excerpts, some words or terms are written in italic

format for emphasis purposes.
4.2  Participated mathematics teachers in the study.

40 mathematics teachers participated in the study, with three teachers who were purposively
selected to proceed to the interviews to get more insight into their perceptions of mathematical
modelling in connection to the CAPS curriculum. Not all teachers responded to the given test
questionnaire, this might be because the test questions were many (55 test items) or might be
because teachers did not show sufficient knowledge about mathematical modelling. Hence,
their responses were limited to what they know about modelling. This was analysed and will

be discussed shortly.
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4.3  General information about the participants

The results analysis chapter begins by providing some general information (age, gender,
number of years teaching mathematics and qualification) of Grade 10 — 12 convenient
participating ISMTs from both questionnaires and interviews. Table 4.1 shows participants'
general information (Background). The majority of the 40 (M = 57.5%) participating teachers
were males. Twenty of the 40 (50%) teachers were aged range of 20 — 30 years. Surprisingly,
twenty-three of 40 (57.5%) teachers reported to be currently teaching Grade 12 in secondary
schools. Twenty-one of 40 (52.5%) teachers have been in the teaching field for 0 — 5 years,
while eleven of 40 (27.5%) teachers were between 6 — 15 years of teaching in the mathematics
field. One of the three interviewed teachers (Code: KN) with over 10 years of teaching
experience was purposively selected for an interview to contribute more perceptions about
mathematical modelling in the CAPS (2012 - current) curriculum. Luckily, it means the teacher
also taught under (National Curriculum Statement) (NCS?) (2004 - 2011) curriculum, then
CAPS (from academic year 2012). Two more teachers (Code: NM & Code: SN) with less than
5 years’ experience of in teaching mathematics were chosen to get more insight into

mathematical modelling in the CAPS curriculum recently.

65| Page
The masters dissertation has been approved by the university (WSoE)



SJ Khoza_1636533

Table 4.1 General information of the participants

Profiles Categories Numbers (N) Percent (%)
Gender Female 17 42.5%
(N = 40) Male 23 57.5%
Other 0 0%
Age (in years) 20-30 20 50%
(N = 40) 31-40 9 22.5%
41 -50 8 20%
Above 50 3 7.5%
Highest qualification Diploma 3 7.7%
(N = 40) B.Ed.? 19 48.7%
B.Ed. (Honours) 13 33.3%
M.Ed.?
Ph.D.%* 2 5.1%
Other 0 0%
2 5.1%
Highest Grade teaching mathematics currently ~ Grade 9 22.5%
10
(N = 40) Grade 11 4 10%
Grade 12 23 57.5%
Other 4 10%
Number of years teaching mathematics (in years) 0 — 5 21 52.5%
(N = 40) 615 11 27.5%
16 - 25 7 17.5%
Above 25 1 2.5%
Sub-major subject Physical 22 55%
sciences
(N = 40) Geography 4 10%
English 1 2.5%
Other 13 32.5%

21 National Curriculum Statement (NCS) was a curriculum that was introduced in 2004 to 2011 that sets out the
minimal standards of skills and knowledge to be achieved at each grade and sets high, achievable standards

across all subjects.

22 B Ed. — Bachelor of Education
2 M.Ed. — Master of Education
24 pPh.D. — Doctor of Philosophy
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4.4  Questionnaire data presentation

Concerning teachers’ mathematical modelling competency, I considered three attitudinal
dimensions as particularly significant (Beliefs, SEF, and Prior knowledge) (detailed in Section
3.7.2).

In this study, | decided to adopt the test instruments for beliefs, SEF, and previous experiences
from a structural model (refer to Wess et al., 2021), and thus they were constructs that
correspond with the determination of teachers’ modelling beliefs and SEF. An additional
reason for this decision of using the Wess et al. (2021) structural model was that they have
already been used by the PSTs to determine their professional competence for teaching

modelling in the classroom.

Research question 1: What are in-service teachers’ beliefs about teaching and learning
mathematical modelling in the CAPS curriculum?

Introduction

Beliefs about mathematical modelling in this study were operationalised within two scales:
constructivist and transmissive beliefs. The constructivist-oriented belief scale was further
divided into three components, which are 'beliefs about mathematical modelling in the
classroom’, 'beliefs about the application of mathematical modelling, and ‘constructivist belief'.

Lastly, it was a transmissive belief.

Table 4.2 Examples of the test instruments on beliefs about mathematical modelling (adopted

with permission from Wess et al., 2021)

Components Test instrument example
Beliefs about the application of “In mathematical modelling, you work on tasks
mathematical modelling that are more practical.”

Beliefs about mathematical modelling | “Learners should be given the opportunity to do

in the classroom mathematical modelling in the classroom.”

Constructivist beliefs “Learners learn mathematics best by discovering

their own ways of solving problems.”

Transmissive beliefs “Teachers should provide detailed procedures to

learners for solving application problems.”
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In response to the first research question “What are in-service teachers’ beliefs about teaching
and learning of mathematical modelling in the CAPS curriculum?”, 1 looked at the four
components shown in Table 4.2 of in-service teachers’ beliefs about teaching and learning of
mathematical modelling. Data analysis and reporting were more directed to teaching
mathematical modelling than learning since the study was based on mathematics teachers

(teaching) and not learners (learning).

4.4.1 Teachers’ Beliefs about mathematical modelling in the Classroom
From Table 4.3 below, the N (Valid) represents participated mathematics teachers (N = 40).

The reported results were based on the average mean and standard deviation.

Table 4.3 Teachers’ Beliefs about Modelling in the Classroom

Among other

Mathematical Learners should be competencies, Mathematical
modelling should  given the mathematical modelling should
be part of opportunity to do  modelling be a specific topic
mathematics mathematical competence should in the CAPS

education inthe  modelling inthe  be taught in the mathematics

CAPS. classroom. classroom. curriculum.

N Valid 40 40 40 40

Missing 0 0 0 0
Mean 4.43 4.43 4.22 4.28
Median 4.50 5.00 4.00 4.00
Mode 5 5 4 4
Std. Deviation 675 47 .768 751
Sum 177 177 169 171

From Table 4.3, 40 participating teachers completed the questionnaire. Out of the 40 responses,
comparing the four questions being analysed for 'beliefs about modelling in the classroom’,
regarding the question of ‘modelling should be part of mathematics education in the CAPS
curriculum’, only 1 teacher disagreed with the question and 20 teachers strongly agreed. From
the question of whether ‘learners should be allowed to do modelling in the classroom’, only 1
teacher disagreed, and 22 teachers strongly agreed with the question. From the question that

‘mathematical modelling competence should be taught in the classroom’, only 1 teacher
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disagreed, and 16 teachers strongly agreed that modelling competencies should be enhanced in
the classroom. From the question of whether ‘mathematical modelling should be a specific
topic in the CAPS mathematics curriculum’, only 1 teacher disagreed, and 17 teachers strongly
agreed that modelling should be a specific topic in the mathematics curriculum. The average
mean from the four investigated questions about teachers modelling beliefs in the classroom is
sitting at 4.34, showing that most of the teachers agreed and believe in mathematical modelling
in the classroom. However, the qualitative method (see section 4.3) was used to confirm or
further investigate why teachers did not strongly agree with the proposed question and what
made them only agree with the questions. Looking at the overall Std. Deviation across the four

test items is sitting at 0.736, showing that the collected data is clustered around the mean.

As stipulated that the Linkert scale of five was used to measure teachers’ modelling
competency. Looking at the average median value across the four questions is sitting at 4.4,
which shows that there is a strong agreement between the questions (Mathematical modelling
should be part of mathematics education in the CAPS; Learners should be allowed to do
mathematical modelling in the classroom) (see Table 4.4 and Figure 4.1) respectively. Fifteen
of 40 (45%) teachers agreed that mathematical modelling should be part of the CAPS
curriculum, with twenty of 40 (50%) teachers strongly agreeing on making modelling to be
part of the curriculum. This indicates that teachers are aware of modelling and believe in
mathematical modelling and have perceptions about mathematical modelling in the curriculum.
Which should start from the CAPS curriculum and then to the classroom. | had to explain to
about eight of the 40 mathematics teachers what mathematical modelling is. In avoiding being
biased, | referred the participants that modelling is viewed as ‘word problems' from Grades 8

to 11 and 'optimisation' from the Grade 12 content.

The mean, Std. Deviation and median values also show that participating mathematics teachers
strongly agreed that learners should be allowed in the classroom to approach mathematical
modelling on their own. That would also promote independence and competence in
mathematical modelling. The statistics given by the teachers from these two versions were
further confirmed in the following sub-section (see 4.2.3 constructivist belief and 4.3

interviews (qualitative method).
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Table 4.4 Modelling should be part of mathematics education in the CAPS.

Valid Cumulative
Frequency Percent Percent Percent
Valid Disagree 1 2.5 2.5 2.5
Neither agree nor disagree 1 2.5 2.5 5.0
Agree 18 45.0 45.0 50.0
Strongly agree 20 50.0 50.0 100.0
Total 40 100.0 100.0

From Table 4.3, | observed small values of Std. Deviation ( 0.675 — 0.768) with the mean.
This means the data collected is clustered around the mean, and it shows that mathematics

teachers' consensus about mathematical modelling is clustered and solid.

As it is evident from Figure 4.1 below, most of the participants strongly agreed that learners
should be given the independency of approaching modelling tasks with little scaffolding from
the teacher. Further research still needs to be done on what extent the strategic interventions
(detailed by Wess et al., 2021) during learners' modelling processes will go in terms of assisting

learners to complete modelling problems on their own.

Learners should be given the opportunity to do mathematical modelling in the classroom

50

40

Percent

30

20

Disagree Niether agree nor Agree Strongly agree
disagree

Figure 4.1 Learner’s opportunity to do modelling in the classroom.

Twenty-two of 40 (55%) teachers’ responses strongly agreed that ‘learners should be allowed
to do mathematical modelling in the classroom'. This means it is not going to be challenging
to engage teachers in integrating modelling content with other topics and subjects. Though the
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question of how teachers treat mathematical modelling in the classroom during their teachings

of other topics remains unanswered.

4.4.2. Teachers’ beliefs about the application of mathematical modelling

It should be noted that the question “Mathematical modelling is an unproductive game, with
no concrete relation to reality.” was reverse-scored due to its negative formulation. Meaning
point 1 was regarded as strongly agree and point 5 was regarded as strongly disagree. Table
4.5 below displays the obtained results of teachers' beliefs about the application of

mathematical modelling.

As can be seen from Table 4.5, most mathematics teachers do believe in the application of
modelling in mathematics. Firstly, the mean (4.43) from whether ‘mathematical modelling
should be part of mathematics education in the CAPS showed that most of the mathematics
teachers agreed that mathematical modelling should be part of the mathematics CAPS
curriculum. The Std. Deviation (0.675) also shows a small value, depicting that the obtained
data is less variable concerning the mean. Looking at the question of whether 'many aspects of
mathematical modelling are used practically in reality’, the mean is sitting at 4.28, showing
that most of the teachers agreed that many aspects of mathematical modelling are used
practically in reality. The median value also does confirm that most of the chosen data set is
that teachers do believe that modelling is used practically in reality. The question has the
smallest Std. Deviation (0.640), shows that most of the data values are clustered around the

mean, which is between agree and strongly agree.
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Table 4.5 Teachers' Beliefs about the Application of mathematical modelling

Mathematical
modelling should
be part of
mathematics

education in the

Mathematical
modelling is an Many aspects of

unproductive mathematical In mathematical

game, with no modelling are used modelling, you

work on more

concrete relation to practically in

CAPS. reality. reality. practical tasks.

N Valid 40 40 40 40

Missing 0 0 0 0
Mean 4.43 2.55 4.28 4.13
Median 4.50 2.50 4.00 4.00
Mode 5 3 4 4
Std. Deviation 675 1.239 .640 822
Sum 177 102 171 165

Looking at the beliefs of modelling being more of a practical task, the mean (4.13) showed
that most of the mathematics teachers agreed that modelling tasks are more practical to reality.
The median value, which is sitting at 4 also showed that most of the data set is sitting at the
scale of ‘agree’, rated 4. Looking at the overall mean of the data (3.85), it showed that most
of the teachers are between agreement and uncertainty of whether modelling is an unproductive
game with no concrete to reality and the overall Std. Deviation (0.877) showed less data

variation. This indicates that the data set is around the mean.

Figure 4.2 below displays the mentioned results, which measured ‘teachers' beliefs about
modelling as being an unproductive game with no concrete relation to reality'. The results
displayed in percentages show that ten of 40 (25%) teachers strongly agreed that modelling is
an unproductive game with no concrete relation to reality. Further ten of 40 (25%) teachers
agreed that modelling is not a productive game. This depicts that twenty of 40 (50%) teachers
agreed that modelling is a productive game with concrete to reality. The results from Figure
4.2 below further show that roughly eleven of 40 (27.5%) teachers are uncertain of modelling

as a productive game with concrete to reality.
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Mathematical modelling is an unproductive game, with no concrete relation to reality.
30

20

Percent

Strongly Agree Agree Niether agree nor Disagree Strongly disagree
disagree

Figure 4.2 Mathematical modelling is an unproductive game, with no concrete relation to

reality.

Six of 40 (15%) teachers showed disagreement with modelling being an unproductive game
with no concrete reality. Further three of 40 (7.5%) teachers strongly disagreed with the used
test items about modelling being concrete and practical. Looking at the overall results of the
obtained data for the question ’Mathematical modelling is an unproductive game, with no
concrete relation to reality.’, the results showed that twenty of 40 (50%) teachers agreed that
modelling is an unproductive game with no concrete to reality. Eleven of 40 (27.5%) teachers
showed that they are uncertain of the question and nine of 40 teachers (22.5%) disagreed that

modelling is a productive game with concrete to reality.

4.4.3. Constructivist belief

According to Wess et al. (2021), the constructivist-oriented belief view is when a teacher steps
back during modelling processes and allows learners to take the lead in their modelling
processes in modelling tasks. That is allowing learners to discuss and construct their knowledge
and skills for approaching modelling tasks. In this situation, teachers only prompt the learners
on what is expected of them, but he/ she does not provide detailed step-by-step procedure on

how a modelling task should be modelled.

Table 4.6 below shows the results of teachers' constructivist beliefs about mathematical
modelling in the curriculum. As evidenced from the table, looking at the sum teachers scored
701 out of 800 which shows that teachers have a positive belief about constructively teaching

mathematical modelling in the classroom. Looking at the average mean (4.39), most of the
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teachers agreed of being positive about teaching mathematical modelling in the classroom. The
overall mean of 4.39 is good as it shows that over 50% of the mathematics teachers showed
that they are constructivists when it comes to teaching mathematics. The overall median (4.83)
value across the three questions shows that teachers strongly agreed that learners should be
allowed to do modelling on their own, to discover ways of modelling tasks in such a way that
they will be able to see the link on their own. The overall Std. Deviation, which is 0.739, a

small value indicates that the data is less variant.

Table 4.6 Teachers’ constructivist beliefs about mathematical modelling

Teachers should allow Mathematics Modelling helps
Learners should learnerstocomeup  should be taught learners to

be given the with their own ways of at school in such understand
opportunity to do solving application a way that mathematics when
mathematical problems before they learners can see they are asked to
modelling in the show them how to the links on their discuss their own
classroom. solve them. own. solution thinking.

N Valid 40 40 40 40

MissingO 0 0 0

Mean 4.43 4.33 4.43 4.35

Median 5.00 4.00 4.50 5.00

Mode 5 5 5 5

Std. Deviation 47 .764 .636 .802

Sum 177 173 177 174

Table 4.7 below shows teachers’ results of giving learners an opportunity to individually do
mathematical modelling in the classroom. Twenty-two of 40 (55%) teachers strongly agreed
of giving learners an opportunity to do mathematical modelling in the classroom. Fourteen of
40 (35%) teachers agreed that learners should be given an opportunity to do modelling in the
classroom. This implies that thirty-six of 40 (90%) teachers agreed that at some stage during
the lesson, they should step back and give learners the opportunity to do modelling. Only one
of 40 (2.5%) teachers disagreed that learners should be given an opportunity to do modelling
in the classroom, and three of 40 (7.5%) teachers showed uncertainty about whether they
should give learners an opportunity to approach modelling tasks on their own before teachers
teach them. From the question of whether "Learners should be given the opportunity to do

mathematical modelling in the classroom.”, overall, the results show that thirty-six of 40
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(90%) teachers are constructivists in the modelling classrooms, and only four of 40 (10%)
teachers are unconfident with the approach of allowing learners to take lead in solving

modelling tasks.

Table 4.7 Learners should be given the opportunity to do mathematical modelling in the
classroom.

Cumulative
Frequency Percent  Valid Percent Percent

Valid  Disagree 1 2.5 2.5 2.5
Neither agree nor disagree 3 7.5 7.5 10.0
Agree 14 35.0 35.0 45.0
Strongly agree 22 55.0 55.0 100.0
Total 40 100.0 100.0

The question of whether “Modelling helps learners to understand mathematics when they are
asked to discuss their solution thinking.” was investigating teachers’ awareness of whether
modelling helps learners to comprehend mathematics when they are requested to justify their
solution thinking. The results (see Figure 4.3) showed that thirty-four of 40 (85%) teachers
agreed that modelling helps learners to understand mathematics and engage in discussions of
their solutions. Only one of 40 (2.5%) teachers disagreed that no role played by modelling to
the learners in terms of their solutions thinking. Furthermore, five of 40 (12.5%) teachers are

not sure whether modelling helps learners to understand their mathematical working.
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Modelling helps learners to understand mathematics when they are asked to discuss
their own solution thinking.

60
50

40

Percent

30

20

Disagree Niether agree nor Agree Strongly agree
disagree

Figure 4.3 Modelling helps learners to understand mathematics when they are asked to discuss

their solution thinking.

Merging the results, six of 40 (15%) teachers are not sure of whether modelling played a role
in making learners understand their mathematical working, while thirty-four of 40 (85%)
teachers showed strong acknowledgement of the role played by modelling to the learners in
terms of making them understand their mathematical work when they are asked to discuss their

written solutions.

4.4.4. Transmissive belief

It is explained that transmissive belief is one of the scales that were used in this study to
operationalise teachers' beliefs about learning mathematical modelling. As described that
transmissive belief is the transferring of knowledge and skills from the teacher to the learners.
It is regarded as a one-way of learning in the mathematics classroom, where learners get only
knowledge of the teachers without being given an opportunity to engage and construct their
ways of approaching modelling tasks in the classroom. It is made clear that transmissive and

constructivist beliefs cannot be regarded as fundamentally opposite (Wess et al., 2021).

Table 4.8 demonstrates the obtained results of teachers' transmissive beliefs about
mathematical modelling. Based on the overall mean (3.64) calculated from the four
components used to investigate ISTs transmissive beliefs, it showed that most of the teachers

disagreed and are uncertain of the transmissive belief. That is because the mean of 3.64 is
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between agree and neither agree nor disagree. The mean (3.25) value from the question of
"Learners should solve tasks in the way they were taught in class.” showed that some of the
teachers are uncertain of whether “Learners should solve tasks in the way they were taught in

class.”

Table 4.8 Teachers' transmissive belief about mathematical modelling

Effective teachers Learners should Teachers should
show the right way  Learners should  often have the provide detailed
and methods to solve solve tasks in the opportunity to procedures to
an application way they were follow their teacher'slearners for solving
problem. taught in class. method solutions.  application problems.
N Valid 40 40 40 40
Missing 0 0 0 0
Mean 4.00 3.25 3.73 3.58
Median 4.00 3.00 4.00 4.00
Mode 4 3 4 4
Std. Deviation .906 1.006 .679 1.152
Sum 160 130 149 143

The overall Std. Deviation from Table 4.9 is sitting at 0.951, which is closer to one. The Std.
Deviation with the mean shows some variation in the data regarding teachers' transmissive

beliefs about modelling.

Table 4.9 below zooms in on the results of teachers providing detailed procedures to the
learners in the classroom when approaching modelling problems. As can be seen from the table
that nineteen of 40 (47.5%) teachers disagreed with the question of giving learners all
procedures for solving a modelling task. Furthermore, seven of 40 (17.5%) teachers strongly
disagreed with the transmissive belief question being investigated. Overall, it showed that
twenty-six of 40 (65%) teachers disagreed with giving learners everything in the classroom,
rather, according to the questions used, they prefer that learners are prompt and given the
opportunity to explore the problem on their own. Looking at the other side of the data, six of
40 (15%) teachers agreed that learners should be given step-by-step procedures when

approaching modelling problems.
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Table 4.9 Teachers should provide detailed procedures to learners for solving application problems.

Cumulative
Frequency  Percent Valid Percent  Percent
Valid Strongly agree 4 10.0 10.0 10.0
Agree 2 5.0 5.0 15.0
Neutral 8 20.0 20.0 35.0
Disagree 19 47.5 47.5 82.5
Strongly disagree 7 17.5 175 100.0

Total 40 100.0 100.0

Eight of 40 (20%) teachers are uncertain whether learners should be given step-by-step

procedures when solving modelling tasks in the classroom.

4.45. Research question 1 results summary and conclusion

The above presented results answered research question 1 which showed that teachers do have
a strong belief about mathematical modelling in the CAPS curriculum. As in-service teachers'
beliefs about teaching mathematical modelling showed that over thirty-eight of 40 (95%),
teachers agreed that modelling should be part of the curriculum and the opportunities to be
given to the learners in the classroom to do modelling on their own. The results further showed
that twenty of 40 (50%) teachers do believe that modelling is more practical to reality, and
nine of 40 (22.5%) teachers do not believe that modelling is a productive game with concrete

to reality.

Presented results further showed that thirty-six of 40 (90%) teachers agreed that learners
should be taught in such a way that they can relate and construct their knowledge and skills
during modelling processes, and only one of 40 (2.5%) teachers showed disagreement of
stepping back and giving learners an opportunity to approach modelling tasks on their own. On
the other hand, twenty-six of 40 (65%) teachers showed disagreement regarding giving
learners step-by-step procedures for solving modelling tasks. While six of 40 (15%) teachers

agreed that learners should be given step-by-step procedures during modelling processes.
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Research question 2: What are the in-service teachers’ self-efficacy about teaching and
learning mathematical modelling in the CAPS curriculum?

Introduction

The test instruments from Wess et al. (2021) that were included in the SEF questionnaire
required teachers to assess their effectiveness and recognition abilities and skills of learners in

the phases during the modelling processes.

In analysing the obtained results, two one-dimensional scales were used: 'SEF for mathematical
modelling' and 'SEF for working mathematically' during modelling processes. Test instrument
samples are shown in Table 4.10.

Table 4.10 Examples of the test instruments for SEF about mathematical modelling (adopted

with permission from Wess et al., 2021)

Components Test instrument examples

Self-efficacy for mathematical modelling “It is easy for me to identify the different
abilities of the learners using the
assumptions they made when modelling.”
Self-efficacy for working mathematically “It is easy for me to identify the different
abilities of the learners using their handling
of the mathematical symbols and operators
used in modelling”

4.4.6. Self-efficacy for mathematical modelling

Table 4.11 shows obtained results that formed the scale of 'SEF for mathematical modelling’
and were reverse scored. The results depicted that most of the teachers perceive it as
challenging to use their abilities to diagnose learners’ potential performance in mathematical
modelling processes. Referring to the obtained scores, the highest mean (3.10) from the
question "... the simplifications they have undertaken in the modelling process." shows that
almost twenty of 40 (50%) teachers are not sure if they find it challenging for them to identify
the distinct abilities of their learners using their judgement of the established models in the
modelling process. The smallest value of the mean from Table 4.11 is 2.60, showing that most
of the teachers lie between agree and are uncertain of whether they find it difficult to identify
learners' abilities using their translation of mathematical results into reality. The overall mean
(2.89) from Table 4.11 is more uncertain, showing that most of the teachers do not have strong
confidence in their SEF capabilities to recognise learners modelling abilities during modelling

processes.
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Table 4.11 Teachers' Self-efficacy for mathematical modelling

... their ... the
writing ...the  recording of
... the when they mathema the
... their assumpti separate tical relationship
translati onsthey ...the important models/ between ... their
onof have reasonabland non-  methods mathematical handling of ... their ... their
mathem made in e checks important  they resultsand  the written  evaluation of
atical  the of their information chose  reality results mathematical solution the established
results modellin modellin about a real when that they formulae and when models in the
into g g situation in modellin produce when symbols used modellin modelling
reality. process. solution. modelling. g. modelling. in modelling. g. process.
N Valid 40 40 40 40 40 40 40 40 40
Missin 0 0 0 0 0 0 0 0 0
g
Mean 260 2.78 2.85 2.88 2.98 2.98 2.95 2.93 3.10
Median 2.00 3.00 250 3.00 3.00 3.00 3.00 3.00 3.00
Mode 2 2 2 2 2 2 2 2 28
Std. 982 1.143 1.252 1.202 1.165 1.143 1.280 1.141 1.194
Deviation
Sum 104 111 114 115 119 119 118 117 124

The median values depicted that 50% of the mathematics teachers do not see themselves as
having the ability to identify learners' different abilities from their modelling processes, while
the other 50% of the teachers do show an agreement of having the ability for diagnosing
performance potentials of learners in mathematical modelling processes. The Std. Deviation
across all the questions also showed a great variation, having the smallest standard deviation
of 0.982 from the question ... their translation of mathematical results into reality.", and the
largest standard deviation of 1.280 from the question "... their handling of the mathematical

formulae and symbols used in modelling.”.

Looking closer to the results for the question “... their translation of mathematical results into

reality.” (See Table 4.12), which refers to the translation of mathematical results into reality.
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Table 4.12 Learner's translation of mathematical results into reality

Cumulative
Frequency Percent Valid Percent Percent
Valid Strongly agree 2 5.0 5.0 5.0
Agree 22 55.0 55.0 60.0
Neutral 8 20.0 20.0 80.0
Disagree 6 15.0 15.0 95.0
Strongly disagree 2 5.0 5.0 100.0

Total 40 100.0 100.0

The results showed that twenty-four of 40 (60%) teachers agreed that they find it difficult to
identify the different abilities of the learners using their translation of mathematical results into
reality, while 20% of the teachers are not sure if they can identify learners' abilities. Only 20%
of the teachers showed disagreement with the difficulty of identifying learners' different
abilities using their translation of mathematical results into reality. This confirmed the lowness
of the average mean (2.60) from Table 4.11.

Zooming in from the question of “... their evaluation of the established models in the modelling
process.”, results (see Table 4.13 below) which have the largest mean, the results showed that
fifteen of the 40 (37.5%) teachers showed agreement that it is difficult for them to identify the
different abilities of the learners using their evaluation of the established models in the
modelling process, while seventeen of the 40 (42.5%) teachers showed a positive attitude
towards their SEF by showing disagreement with the question of difficulty in identifying
learners abilities through their evaluation of the established models in the modelling processes.
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Table 4.13 Learners' evaluation of the established models in the modelling process

Frequency Percent Valid Percent Cumulative Percent
Valid Strongly agree 3 7.5 7.5 7.5
Agree 12 30.0 30.0 375
Neutral 8 20.0 20.0 57.5
Disagree 12 30.0 30.0 87.5
Strongly disagree 5 12.5 125 100.0
Total 40 100.0 100.0

Eight of the 40 (20%) teachers showed uncertainty about their SEF in identifying learners

modelling abilities during their modelling processes.

4.4.7. Self-efficacy for working mathematically.

As can be seen from Table 4.14, the average mean across all three questions is 2.98. Showing

that most of the teachers chose a scale of 2 (agree) and 3 (neutral). This shows that most

mathematics teachers are not certain about their SEF abilities to diagnose learners'

mathematical written work (results) during their modelling processes. The value of the Std.

Deviation looks high, with the low being 1.141 and the high at 1.280, showing a great variation

amongst teachers' responses.

Table 4.14 Teachers’ SEF for working mathematically.

... their handling of the
mathematical formulae ... their written ... the recording of their
and symbols used in solution when mathematical results in
modelling. modelling. modelling.
N Valid 40 40 40
Missing 0 0 0
Mean 2.95 2.93 3.05
Median 3.00 3.00 3.00
Mode 2 2 2
Std. Deviation 1.280 1.141 1.218
Sum 118 117 122
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Looking closer to the results for individual questions, starting from the question of ... the
assessment of how well they improved the models that were already in use at the time of
modelling.” (Refer Table 4.15), eighteen of the 40 (45%) teachers showed agreement that it is
difficult for them to diagnose the way learners handle mathematical formulae and symbols used
in the modelling processes, while sixteen of the 40 (40%) teachers showed disagreement with
the questions. In addition, they did confirm that they have abilities to diagnose learners' abilities
based on how they handled their mathematical formulae and symbols. Six of the 40 (15%)

teachers were uncertain of the question.

Table 4.15 Learners’ handling of the mathematical formulae and symbols used in modelling.

Frequency  Percent Valid Percent Cumulative Percent
Valid Strongly agree 5 12.5 12.5 12.5
Agree 13 3255 325 45.0
Neutral 6 15.0 15.0 60.0
Disagree 11 27.5 27.5 87.5
Strongly disagree 5 12.5 12.5 100.0
Total 40 100.0 100.0

The results from the question of '... their written solution when modelling.' (Refer to Table
4.16) showed that seventeen of the 40 (42.5%) teachers showed agreement that it is difficult
for them to diagnose learners’ mathematical written solutions when modelling. While thirteen
of the 40 (32.5%) teachers showed disagreement with the question, meaning they agreed that
they have abilities to identify learners' abilities from their written solutions when modelling.
Ten of the 40 (23%) teachers are not certain of the questions.
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Frequency Percent Valid Percent Cumulative Percent
Valid Strongly agree 3 7.5 7.5 7.5
Agree 14 35.0 35.0 42.5
Neutral 10 25.0 25.0 67.5
Disagree 9 225 22.5 90.0
Strongly disagree 4 10.0 10.0 100.0
Total 40 100.0 100.0

Referring to Table 4.17, about the question of ‘... the recording of their mathematical results

in modelling, sixteen of the 40 (40%) teachers agreed that it is difficult for them to diagnose

learners' abilities through the recording of their mathematical results in modelling, while fifteen

of the 40 (37.5%) teachers showed disagreement with the questions. This means it is easy for

them to identify learners’ abilities during their modelling processes through the recording of

their mathematical results in modelling. Nine of the 40 (22.5%) teachers are neutral about the

question; they are not sure of their abilities (SEF) to diagnose learners’ capabilities through the

recording of their mathematical results in modelling.

Table 4.17 Learners recording of their mathematical results in modelling.

Frequency Percent Valid Percent Cumulative Percent
Valid Strongly agree 3 7.5 7.5 7.5
Agree 13 32.5 325 40.0
Neutral 9 22.5 225 62.5
Disagree 9 22.5 22.5 85.0
Strongly disagree 6 15.0 15.0 100.0
Total 40 100.0 100.0
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4.4.8. Research question 2 results summary and conclusion

The presented results of the respondents from the three questions demonstrated that seventeen
of 40 (42.5%) teachers do agree that it is difficult for them to diagnose learners’ abilities from
their mathematical work during modelling processes. Six of 40 (15%) teachers did not show
confidence in the questions, meaning they are not sure of their SEF abilities to recognise
learners' abilities from their written mathematical work. Fifteen of 40 (37.5%) teachers
showed disagreement with the question, meaning the respondents demonstrated positiveness

of their abilities to diagnose learners’ abilities from their written modelling results.

Research question 3: What are in-service teachers’ prior knowledge about the
modelling content in the CAPS curriculum?

Introduction

For teachers' previous experiences with mathematical modelling, four components from the
sixteen (16) test items were formed and used to control and trace their prior experiences with
mathematical modelling. This was basically for teachers to apprehend their self-diagnostic of
the contrasting discipline of experience in modelling, including personal knowledge about
modelling and abilities to recognise learners' competencies and workings during learners'

modelling processes when approaching modelling tasks.

The four components that were discussed below reflect teachers' previous experiences with
modelling. The components were ‘General role played by mathematical modelling from the
ISTs courses’, ‘Preparedness of ISTs for teaching mathematical modelling’, ‘Nature of
modelling tasks teachers' have encountered during their educational journey', and ‘Teachers’
experiences about mathematical modelling in various contexts’. Table 4.18 below shows

sample test instruments that were used for each of the four components.
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Table 4.18 Examples of the test instruments for teachers’ prior knowledge about mathematical

modelling (adopted with permission from Wess et al., 2021).

Components Test instrument example

The general role played by mathematical “Mathematical modelling has already

modelling from the ISTs courses been addressed in my teacher training
courses.”

Preparedness of ISTs for teaching “I have already been presented with

mathematical modelling knowledge to teach modelling.”

Nature of modelling tasks teachers have “I have solved modelling tasks myself

encountered during their educational journey? | during my teacher training.”

Teachers’ experiences with mathematical “Mathematical modelling played a role

modelling in various contexts in my first year of teaching at school.”

4.4.9. General role played by mathematical modelling from the ISTs courses.

As can be seen from Table 4.19, from the question “I have previously learned mathematical
modelling in my lectures”, seventeen of 40 (42.5%) teachers (42.5%) with (mean = 4.20)
agreed that they have learned mathematical modelling during their teacher training courses.
This is a good indication that most universities do offer mathematical modelling courses to pre-
service teachers. But the question to what extent are they trained to teach mathematical
modelling in basic education? remains unanswered. Looking at the question "Mathematical
modelling has already been addressed in my teacher training courses.”, Table 4.19 with a mean
(of 3.55), shows uncertainty (rated 3, neither agree nor disagree) of teachers' choice about
mathematical modelling in their lectures. Concerning the question of “mathematical modelling
played a role in my first year of teaching at school.”, there was a contradiction of teachers'
choice of selection from the questionnaire. From teachers' experiences of learning modelling
from their lectures, there was an agreement that ISMTs have learned mathematical modelling
in their lectures. It brings a question of how come teachers strongly agreed that they have
learned mathematical modelling during their lectures, while there is an uncertainty (neither
agree nor disagree) of whether 'mathematical modelling has been addressed in their teacher

training courses'. Though the Std. Deviations (refer to Table 4.19) looks small, meaning the

%5 An educational journey is a continuous lifelong journey in education without a destination.
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data is clustered around the mean, which confirms the disagreement between the mentioned

above questions.

Table 4.19 General role played by mathematical modelling from the ISTs courses

Mathematical
I have previously modelling has already Mathematical

learned mathematical been addressed in my modelling played a

modelling in my teacher training role in my first year of
lectures. courses. teaching at school.

N Valid 40 40 40

Missing 0 0 0

Mean 4.10 3.55 3.05

Median 4.00 4.00 3.00

Mode 5 4 3

Std. Deviation .955 .986 .959

Range 3 4 4

Sum 164 142 122

Looking at the obtained results for the question “Mathematical modelling played a role in my
first year of teaching at school”. This test item measured teachers' prior knowledge of whether
learned mathematical modelling has been useful to the teachers in their first year of teaching
basic education. The results kept on declining, sixteen of the 40 (40%) teachers (see Appendix
C) are uncertain with their responses. This means teachers are not sure of whether learning
mathematical modelling from higher education has given them knowledge and skills of
teaching mathematical modelling to learners in basic education. As can be seen from Figure
4.4 below, it shows that 40% of the teachers responded neither agree nor disagree. Looking at

the overall mean (3.57) from Table 4.19, the results are between uncertainty and agreement.
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Mathematical modelling played a role in my first year of teaching at school.
40

30

Percent

20

Strongly disagree Disagree Niether agree nor Agree Strongly agree
disagree

Figure 4.4 Mathematical modelling played a role in my first year of teaching at school.

This means the modelling learned from the university by the ISTs did not help them to approach
modelling in the classroom with the learners. Three teachers have been interviewed on this
aspect to get more insight into why the results about teachers' prior knowledge from university
kept on declining. That may compromise mathematics teachers' prior knowledge about
mathematical modelling in the CAPS curriculum. Hypothetically, teacher training courses at
the university level do not equip teachers with the necessary knowledge and skills needed for
them to teach modelling to learners from basic education. As unbiasedly acknowledged that as
an investigator 1 am aware of the modelling courses that are offered at the University of the
Witwatersrand and the University of Johannesburg (UJ)? (see section 2.2.1). But what | have

observed is that they are offered from the upper level of study?’

4.4.10. Preparedness of in-service teachers for teaching mathematical modelling
The selected components were used to trace teachers' previous knowledge and skills of teaching
mathematical modelling from their secondary education (basic education) to their profession

as qualified mathematics teachers.

Table 4.20 below displays obtained results regarding the preparedness of ISTs for teaching

modelling in the classroom. The evidence showed that twenty-three of 40 (57.5%) teachers

26 University of Johannesburg (UJ) is a public South African university located in Gauteng, Johannesburg.
27 Generally, in South African Bachelor of Education degree takes four years (levels) to complete. The
professional teacher qualification can also be obtained through a one-year course (called Postgraduate
Certificate of Education (PGCE)), provided the individual has another degree equivalent to the teaching
qualification (e.g., BSc).
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are confident in being prepared to teach mathematical modelling to their learners. Looking at
the average mean (3.33) across the questions from Table 4.20, it showed that they are all
clustered around neither agree nor disagree. The result showed that the majority of Grade 10 —
12 mathematics teachers are not sure if they are competent in teaching mathematical modelling
in the classroom. From the test item “I feel well prepared to teach mathematical modelling
through my previous training.” Only seventeen of 40 (42.5%) teachers agreed that they feel
well prepared to teach mathematical modelling through their previous experiences from their

teacher training courses.

Table 4.20 Preparedness of ISTs for teaching mathematical modelling.

I have
already been As part of my previous In my education
| feel well prepared presented  teacher training, | have (high school to

to teach with been able to build university), | have
mathematical knowledge solid foundations for already acquired I was prepared
modelling through  to teach teaching mathematical knowledge to teach for teaching
my previous training. modelling.  modelling. modelling. modelling.
N Valid 40 40 40 40 40
Missing 0 0 0 0 0
Mean 3.25 3.53 3.30 3.25 3.30
Median 3.00 4.00 3.00 3.00 3.00
Mode 3 4 3 3 38
Std. Deviation 1.080 1.062 1.018 1.104 1.159
Range 4 3 4 4 4
Sum 130 141 132 130 132

The results from Table 4.21 further depicted that thirteen of 40 (32.5) teachers are not sure if
they are well prepared to teach mathematical modelling through their prior knowledge, and ten
of 40 (25%) teachers show disagreement about being prepared to teach mathematical
modelling in the classroom. In consolidation of the results from the tables (4.20; 4.21), twenty-
three of 40 (57.5%) teachers do not seem to be well prepared to teach mathematical modelling
in the classroom, only seventeen (42.5%) of the teachers showed that they are prepared to
teach mathematical modelling to the learners. The Std. Deviations from Table 4.21 across all
the questions are all greater than 1, which shows a bigger value of standard deviation. This
means the scales (1 — 5 scales) are far away from the mean indicating a greater variation of the
obtained data.

89| Page
The masters dissertation has been approved by the university (WSoE)



SJ Khoza_1636533

Table 4.21 | feel well prepared to teach mathematical modelling through my previous training.

Valid Cumulative
Frequency  Percent Percent Percent
Valid  Strongly disagree 2 5.0 5.0 5.0

Disagree 8 20.0 20.0 25.0

Neither agree nor disagree 13 32.5 32.5 57.5

Agree 12 30.0 30.0 87.5
Strongly agree 5 125 125 100.0

Total 40 100.0 100.0

I acknowledge that most of the participating mathematics teachers in this study are newly entry
teachers, with 20 teachers aged between 20 — 30 years. Twenty-one of 40 teachers with 0 — 5
years of teaching experience in the mathematics field. 23 teachers reported being currently

teaching Grade 12 in their schools.

Looking at the question, “In my education (high school to university), | have already acquired
knowledge to teach modelling.” (see Appendix D), seventeen of 40 (42.5%) teachers agreed
that their previous education from secondary school to qualified teachers equipped them with
knowledge and skills of teaching mathematical modelling, while 23 (57.5%) of Grade 10 — 12
mathematics teachers disagreed (9 teachers) and unsure (14 teachers) of whether their previous
education has imparted them with an understanding and expertise to teach mathematical
modelling in the classroom. Overall results showed that over half (23,57.5%) of the teachers

do not feel well prepared to teach mathematical modelling in the classroom.

Interviews (see section 4.3) with the participating Grade 10 — 12 mathematics teachers were
conducted to get a deeper comprehension of teachers' preparedness to teach mathematical

modelling.
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4.4.11. Nature of modelling tasks teachers have encountered during their educational
journey.

From sub-section (4.2.2.3), teachers' educational journey I referred from teachers’ secondary

education to their profession as qualified teachers.

The results from Table 4.22 display results about teachers’ prior experiences of solving
modelling tasks during their teacher training and as qualified teachers (solving modelling tasks
with learners in the classroom). From the questions indicated in Table 4.22, | was investigating
if ISTs have encountered mathematical modelling tasks during their schooling time (including
university training). Though the study did not engage in revealing the nature of modelling tasks
they have solved before and how they were approaching those modelling tasks. That may be a

recommendation for future research expanding from the current study.

Table 4.22 Nature of modelling tasks teachers have encountered during their educational
journey.

In my previous

education, | also I have been
had to do working on
| have solved mathematical modelling

modelling tasks ~ modelling inthe  examples myself
myself during my processing of  during my teacher

teacher training. tasks. training.

N Valid 40 40 40

Missing 0 0 0
Mean 3.83 3.43 3.48
Median 4.00 3.50 4.00
Mode 4 4 4
Std. Deviation 903 1.059 1.132
Range 3 4 4
Sum 153 137 139

The three questions were used to test teachers' previous experiences of solving modelling tasks.
Looking at questions (I have solved modelling tasks myself during my teacher training; | have
been working on modelling examples myself during my teacher training), the results depicted
that twenty-eight of 40 (70%) teachers agreed that they have solved modelling tasks
themselves before during their teacher training courses. While four of 40 (10%) teachers

showed disagreement in solving modelling tasks for themselves during their teacher training.
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Regarding working on modelling tasks, twenty-three of 40 (57.5%) mathematics teachers did
confirm that they’ve been working on modelling tasks themselves during their teacher training,
while 9 (22.5%) of the teachers showed disagreement about working with modelling tasks
themselves during their teacher training. Only eight of 40 (20%) mathematics teachers were
not sure whether they have solved (worked) on modelling tasks themselves during their teacher

training.

The results indicated that teachers have done mathematical modelling during their teacher
training at the university level. But referring to the mean (3.43) and Std. Deviation (1.059) of
the question “In my previous education, | also had to do mathematical modelling in the
processing of tasks.”, teachers slightly neither agreed nor disagreed about having previous
experiences of solving modelling tasks. From Table 4.22 there is an observance of questions
with bigger Std. Deviations (SD = 1.059; 1.132), show a greater variation of the values being

far away from the mean.

From mathematics tasks in general, some of the tasks require one to use modelling processes
when solving them. Figure 4.5 below shows that over 30% of the teachers were not sure if they
have used mathematical modelling methods in solving some of the mathematics tasks. While
approximately 15% of the respondents showed that they have never used modelling processes
when solving mathematical tasks during their teacher training. Concurrently, approximately
15% of the mathematics teachers confirmed that they have applied mathematical modelling

methods in solving tasks during their teacher training.

In my previous education, | also had to do mathematical modelling in the processing of tasks.

40

30

20

Percent

Strongly disagree Disagree Niether agree nor Agree Strongly agree
disagree

V60

Figure 4.5 In my previous education, | also had to do mathematical modelling in the processing

of tasks.
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Table 4.23 below provides more information about mathematics teachers' choices of doing
modelling tasks in their previous education. Looking at the cumulative percentage, 50% of the
teachers are unconfident (32.5%) and disagreed (17.5%) with the question that “In my
previous education, I also had to do mathematical modelling in the processing of tasks”.
Subsequently, 50% of the teachers agreed (35%) and strongly agreed (15%) that they applied

modelling processes during the process of solving modelling tasks.

Table 4.23 In my previous education, | also had to do mathematical modelling in the

processing of tasks.

Valid Cumulative
Frequency  Percent  Percent Percent
Valid Strongly disagree 2 5.0 5.0 5.0
Disagree 5 12.5 12.5 17.5
Neither agree nor 13 32.5 32.5 50.0
disagree
Agree 14 35.0 35.0 85.0
Strongly agree 6 15.0 15.0 100.0
Total 40 100.0 100.0

Though it was difficult (due to confidentiality purposes) to identify teachers who agreed with
the questions, to interview them, and get a deeper understanding of the kinds of modelling
processes they applied during solving mathematical tasks. This would be interesting to see if
the modelling processes they used aligns with the ones from the modelling cycle by Blum and
Leiss (2007).

4.4.12. Teachers’ experiences with mathematical modelling in various contexts

The test items used to measure teachers' experiences with mathematical modelling in various
contexts were not only focused on ISTs' past experiences with modelling but also on whether
with their acquired knowledge are they able to transmit the modelling knowledge and skills to

the learners in the classroom.

The question "I have already taught mathematical modelling with learners” was used to
investigate if teachers have taught mathematical modelling before to the learners in the
classroom. Table 4.24 shows that twelve of 40 (30%) teachers haven’t taught modelling before
to the learners. Out of the 30%, 5% of the teachers showed strong disagreement with teaching

mathematical modelling to the learners. Eleven of 40 (27.5%) teachers showed uncertainty
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about whether they have taught mathematical modelling to the learners before. In consolidation
of the data, 57.5% of the participants were not sure if they have taught modelling to the learners
before, while 42.5% of the teachers showed agreement that they have taught modelling to the

learners.

Table 4.24 | have already taught mathematical modelling to learners.

Valid Cumulative
Frequency Percent Percent Percent
Valid Strongly disagree 2 5.0 5.0 5.0
Disagree 10 25.0 25.0 30.0
Neither agree nor 11 27.5 27.5 57.5
disagree
Agree 14 35.0 35.0 92.5
Strongly agree 3 7.5 7.5 100.0
Total 40 100.0 100.0

Looking at the overall mean (3.13) of the data from the three questions (refer to Table 4.25
below), it showed the uncertainty of teachers of whether they have taught mathematical
modelling to the learners before. The results further showed that teachers do also agree that
they have gained experience in teaching mathematical modelling to the learners in the

classroom.

Looking closer at the overall mean, indicated that most teachers are unconfident with teaching
modelling in the classroom as the mean scale is around rate 3 'neither agree nor disagree’. A
bigger Std. Deviation was observed in Table 4.25 below across all the tested questions. The
questions about teachers teaching modelling to the learners showed an Std. Deviation of 1.051,
indicating a greater variation of the data around the mean. looking at the 'role played by
modelling to the teachers during their first year of teaching’, showed an Std. Deviation of
0.959 which is considered as less variable of the data around the mean. Then teachers'
experiences in mathematical modelling showed a Std. Deviation of 1.137 which portrayed a
greater variance of the data around the mean. The overall Std. Deviation (0.607), which
consolidates the results to be less variance around the mean. This shows different competencies

and confidence among the teachers about teaching mathematical modelling in the classroom.

94| Page
The masters dissertation has been approved by the university (WSoE)



SJ Khoza_1636533

Table 4.25 Teachers’ Experiences about mathematical modelling in various contexts

| have already taught

mathematical

modelling with

Mathematical

modelling played a

role in my first

year of teaching at

| have already
gained teaching
experience in

mathematical

learners. school. modelling.

N Valid 40 40 40

Missing 0 0 0
Mean 3.15 3.05 3.20
Median 3.00 3.00 3.00
Mode 4 3 4
Std. Deviation 1.051 959 1.137
Range 4 4 4
Sum 126 122 128

Looking at the role played by modelling to the teachers during their first year of teaching basic
education. Only thirteen of 40 (32.5%) teachers agreed and showed confidence that the
knowledge and skills about mathematical modelling they acquired from their teacher training
courses played a significant role in their first year of teaching mathematics in schools. But
eleven of 40 (27.5%) teachers showed disagreement with the role played by the learned
modelling in their first year of teaching. For clarity purposes, 11 mathematics teachers
explicitly disagreed that mathematical modelling learned from university played a significant

role in their first year of teaching mathematics at school.
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Table 4.26 Mathematical modelling played a role in my first year of teaching at school.

Valid Cumulative

Frequency  Percent Percent Percent

Valid  Strongly disagree 2 5.0 5.0 5.0
Disagree 9 22.5 22.5 27.5
Neither agree nor disagree 16 40.0 40.0 67.5
Agree 11 27.5 27.5 95.0
Strongly agree 2 5.0 5.0 100.0
Total 40 100.0 100.0

Furthermore, 40% (see Table 4.26 above) of the mathematics teachers showed a lack of
confidence in the role played by mathematical modelling in their first year of teaching, while
45% (see Appendix C) of the teachers did confirm that they have gained knowledge and

experience of teaching mathematical modelling in the classroom.

4.4.13. Research question 3 results summary and conclusion

Results presented showed that 75% of the mathematics teachers agreed that they have learned
modelling from their lectures, while 17.5% of teachers were not sure of whether they have
learned modelling. Further 62.5% of the teachers did confirm that modelling has been
addressed in their teacher training courses and 20% of the teachers are uncertain, with 17.5%
of them showing disagreement. 40% of the teachers were not sure whether modelling has
played a significant role in their first year of teaching mathematics, with only 22.5% of the

teachers showing agreement with the role played by modelling.

57.5% of the teachers showed disagreement with being prepared to teach mathematical
modelling in the classroom, with 42.5% of the teachers showing agreement with being
prepared to teach mathematical modelling to the learners in the classroom. 70% of the teachers
agreed that they have been exposed to modelling tasks before during their teacher training, and
10% of them showed disagreement with modelling exposure during their teacher training

courses.

57.5% of the teachers showed that they have never taught modelling content to the learners
before, with some of them being unsure. 42.7% of the teachers agreed that they have taught
modelling content to the learners in the classroom before.
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4.5 Interviews data presentation (qualitative research method)

Research question 4: What are in-service teachers’ perceptions about modelling content
in the CAPS Grade 10 — 12 curriculum?

Introduction

The originally collected data comprised recorded voices. After transcribing the collected data,
four utmost themes came out from the responses of the interviewed three teachers with regards

to their perceptions about modelling content in the Grade 10 — 12 CAPS curriculum:

1. Teachers are more product-driven than process.

2. Learners should take the lead during mathematical modelling.

3. The curriculum timeframe limits learners from exploring modelling.
4

Limitation of content in the mathematics curriculum.

| briefly discussed each of these 4 themes in the following sections in paragraphs. All three
interviewed ISTs reported teaching Grade 10 — 12 mathematics, including modelling. The
researcher was the interviewer. The responses to the questions did not follow the sequence of

codes (interviewees).

Table 4.27 below shows demonstrated results of the interviewed teachers to what extent are
they aware of mathematical modelling in the CAPS curriculum. The results showed that the

interviewed teachers are somewhat aware of modelling in the curriculum.
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Table 4.27 Results linked to interview question No. 9

To what extent are you aware of the CAPS curriculum with mathematical
modelling?

1. Aware 0
2. Somewhat aware 3
3. Not aware 0

The stood-out themes are briefly presented in the following sections below:

4.5.1 Teachers are more product-driven than process.
Researcher: What is your belief about learner involvement in mathematical learning
tasks? Should the teacher provide step-by-step guidelines on how learners should solve
modelling tasks? Or should the teacher allow learners to work on the tasks by

themselves? Why or why not?

KN: ...the system puts pressure, and the system is very results focused. So, teachers
will get things done so those things in terms of like the problem-solving and in terms

of developing those models should start at an early grade...”

NM: ... you can use both | don't believe that you should use one in one of them in

1solation I feel like it would be best interest of the child to use them both...”

Here, KN revealed that the education system puts pressure on teachers to complete the
curriculum (syllabus). While NM supports the notion that the types of teaching should be used
concurrently when teaching in the classroom. This means there's more mathematics content to
be covered in a short period in an academic year, which makes it difficult for them to allow
learners to engage in mathematical modelling processes. The teachers also mentioned that the
system is very results-focused, which puts pressure on teachers to get good grades in the
classroom. Hence, teachers will not focus on conceptual understanding, but the focus will be
more on procedural knowledge. KN suggests a solution to the problem raised, the teacher
mentioned that problem-solving which is modelling should start at an early grade level, which
is a primary school in the South African education context. This states that such skills and

knowledge should be started from lower grades where the learner's brain is still in the early
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development learning process. By the time they come to secondary school, it will be easy for

them to develop modelling skills from what they already know or learned before.

The teacher also raised an issue that learners don’t want to take up the opportunity of thinking
of mathematical solutions for themselves. They mostly want to be given everything by the
teachers. That ends up drifting teachers' focus to only giving them the final product of the task
and not engaging learners in the process of how the modelling tasks were modelled. The teacher
in the interview also mentioned that one of the reasons why teachers do not allow learners to
take the lead during modelling is that they often make unrealistic or unreasonable solutions
during the building of a mathematical model. Hence, teachers in most situations shave to

provide learners with a starting point for them to continue to solve the modelling tasks.

45.2 Learners should take the lead during mathematical modelling.

Table 4.28 below shows how often participating teachers responded to the three questions
(learners should take the lead, teachers should take the lead and there is not enough time)
provided in the table. The question of whether 'learners should take the lead’, was mentioned
three times. Whether 'teachers should take the lead', was mentioned once during the interviews.
The last question was checking how often teachers disclosed that 'there is not enough time'
from the curriculum to let learners take the lead when solving modelling tasks, as demonstrated

from the table, it was mentioned three times.

Table 4.28 Results linked to interview questions No. 3 & 4

Do you believe that learners should take the lead during modelling or teachers should
take the lead during modelling processes?

1. Learners should take the lead 3

2. Teachers should take the lead 1

3. There is not enough time 3

It can be seen from the table that interviewed teachers encourages learners during modelling
tasks to take the lead when approaching modelling tasks, but teachers raised that it is not always
the case that learners will be given the opportunity to approach modelling tasks on their own.
NM raised that letting learners take the lead in modelling "... depends on a certain situation,

for example, this one | can give them step-by-step procedure but this one | can allow them to
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work on their own.” (MN, line 7). While KN revealed that there is not enough time to allow
learners to take the lead, “I think that we should allow them to come up with their ideas,
however from experience that is a big task not because it cannot be done but because the system

puts pressure, and the system is very results focused..."
Engaging deeply in the participating mathematics teachers' interview responses:

Interviewer: do you believe that teachers should take the lead in solving modelling
tasks for the learners or do you believe that learners should take the lead in solving
modelling tasks?

NM: | think learners should take the lead. Why am | saying this? because at the end of
the day, I'm a teacher so I've been taught this at the university level right yeah and what
steps to follow and how to teach mathematical modelling now it becomes different
when it's a learner, learners should have the freedom of approaching modelling the way

they understand it.

SN: My opinion is that learners should take charge of their learning process for them

to conceptually understand the ideas and theories behind mathematical tasks ...

Here, from the excerpts extracted from teachers' responses during interviews, | observed that
teachers NM and SN are more of a constructivist belief, showing that learners should be given
the opportunity to do or approach modelling tasks the way they understand them. The teacher
supported her argument by saying that giving learners freedom during the modelling cycle will
allow learners to think outside the box during modelling lessons and mathematics in general.
The teacher also revealed that they have done mathematical modelling at the university level
during their teacher training, the teacher further added that they were taught which steps to
follow during modelling and how to teach mathematical modelling as it is quite a different

content when it's a learner.

Interviewer: what is your belief about Leaner's involvement in mathematical learning?
should the teacher provide step-by-step guidelines on how to solve modeling task or
should the teacher allow learners to do the work on their own before the teacher

intervene?
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NM: in my personal view | feel like those two points can be utilised together and at
some point, you can give them step-by-step, and some situations give them freedom of

using their ways of solving mathematics.

However, the teacher also provides that giving learners an opportunity to do modelling on their
own depends on each modelling type question. NM believes that during modelling processes,
in some situations a teacher can take the lead on how to approach modelling in the classroom,
and in some situations, learners should take the lead in approaching modelling tasks. The
teacher said the decision may arise from whether the difficulties of the provided modelling task
have been addressed to them before or it's a new level of modelling tasks that still need to be

addressed to the learners.

45.3 The curriculum timeframe limits learners from exploring modelling.
Researcher: What can you say about the time given in the curriculum to teach

mathematics in general and mathematical modelling?

KN: time is very limited for them to come up with that it's not an ongoing thing it's not
like an algorithm that we can go whenever they feel like going to because the
curriculum has a start date and end date and within that time, they need to think of those

solutions which they don't want to do because of time limits.

NM: “In a mathematics class there is not enough time to complete the syllabus ...as a
maths teacher | sometimes need to schedule Saturday classes to push the content with

the learners, because some of them are grasping the content slower than others”

It cannot be ignored that the curriculum also provides timeframes for each content to be covered
in an academic year, and 100% of the content within the curriculum should be finished within

the timeframe so that learners can be assessed.

KN's and NM’s responses revealed that though the curriculum claims to have given teachers
enough time to cover the content, the interviewed teachers feel like the time is not enough to
cover the content and let learners explore what is learned in the classroom. This is because
teachers limit themselves to completing the syllabus and assessing learners. According to
Bonyah and Clark (2022) at the secondary school level, learners should be taught in such a way
that they will be able to construct their knowledge rather than teachers teaching them for the

sake of tests and examination purposes only.
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KN: “...modelling in our curriculum is not that dominating because you find that from
the textbooks only 5 modelling problems out of 50 maths problems from a maths

textbook are asked...”

Here, the response from the teacher demonstrated that mathematical modelling is not that
visible in the curriculum, it partially appears in some topics (e.g., Finance, Statistics, and
Measurements) and is not visible in some of the topics (e.g., Algebra). The teacher also
mentioned that the structuring of the content and examples from the curriculum also hinders
modelling in some way, during an interview under the SEF interview, the teacher mentioned
that you find that there are one of fifty modelling examples in the textbooks. This limits learners
from exploring more modelling content in the curriculum. This confirmed the results obtained
in the study by Mudaly (2004), that mathematical modelling in SA needs modelling-based

pedagogical reform for the teachers.

KN touched on how their self-efficacy for mathematical modelling was compromised, the
teacher mentioned that it is difficult to evaluate their abilities of recognising learners' abilities
during their modelling cycle because only a few modelling problems are asked in the textbooks.
The teacher supports her claim by saying "... out of 50 mathematics problems in the curriculum
only 1 or 2 of them are modelling related, the rest of the questions are just abstract mathematical

problems that most are not even applicate to learners' real-life”. (KN, line 9)

45.4 Limitation of content in the mathematics curriculum
Researcher: Regarding modelling in the CAPS curriculum Grade 10 — 12, what
recommendation can you give to improve the teaching and learning of applications and
mathematical modelling? Should modelling be scaled to other school levels including

the primary level? Why or why not?

KN: ... yeah, I feel like some of the topics don’t fit into learners real-life experiences,
such as algebra, it is more abstract but those skills are needed by the learners to solve
mathematical problems ... also it seems to be a lot to cover but in the curriculum that
end up compromising the learning interactions among the learners’... so yeah I feel like
the content in the mathematics curriculum should be reworked and provide more time

for better learning of mathematics and modelling”
SN: I would suggest that every mathematics topic in any grade be given at least 40%
of application content for them to apply maths in reality.
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Here, the teachers were showing recommendations on how teaching and learning mathematical
modelling can be strengthened and developed. From the excerpts, teachers suggested that the
content in the mathematics curriculum should be limited in such a way that teachers will have
enough time to engage learners. Additionally, learners will have time to build a model, make

assumptions and mathematise the problem.

Mathematical modelling should be broadly part of the mathematics curriculum (Mudaly &
Dowlath, 2016). However, teachers’ responses, showed that modelling in the curriculum is
neglected and only a few tasks of it are provided in the textbooks. This might be one of the
factors why teachers showed low SEF and awareness of mathematical modelling in the

curriculum.

455 Research question 4 Summary and conclusion

From the presented results of the interviews, four major themes stood out in the qualitative
data. The themes were 'teachers are more product-driven than process', 'learners should take
lead during mathematical modelling’, and 'curriculum timeframe limits learners exploring
modelling and limitation of content in the curriculum’. From the themes, teachers also shared
their perceptions and recommendations of mathematical modelling in the CAPS curriculum.
Their perceptions showed that teachers are somewhat aware of modelling, and they
recommended that more modelling tasks should dominate in the curriculums and textbooks,

and reality content in mathematics should be given more time to be covered.

4.6  Chapter summary and conclusion

The presented results about teachers' beliefs about modelling in the curriculum evidenced that
the majority of the participating mathematics teachers do believe in the existence of modelling
in the mathematics curriculum. Though they raised concerns about its little predominance in
the curriculum. With their previous experiences with modelling in the curriculum, teachers
demonstrated that they do have existing knowledge about modelling. Unfortunately, they
raised that learned modelling knowledge did not help them during their first year of teaching.
That might be the cause of the teacher’s low SEF about modelling to recognising learners'

abilities when modelling tasks.

The following chapter 5 provides a concise discussion of the data presented above with the
theories and findings of other related studies of modelling.
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CHAPTER 5: DISCUSSION OF THE RESULTS
5.1. Introduction

The objective of the discussion chapter is to explain, interpret, describe, and related the
obtained results with the theories and other research that have been carried out in line with the
current study. Discussion of the results further showed the significance of the results and
findings demonstrated in Chapter 4 in connection with the theoretical framework (a structural
model for teaching modelling) that guided the study, recent literature, and the realisation of the
research problem. This chapter is important as it shows new knowledge in line with the current
literature that has been reviewed from the chapter, and further contributes knowledge to the

research problem pursued in the study.

The discussion chapter is arranged in terms of the four research questions which underpinned
the focal point of this dissertation.

1. What are in-service teachers’ beliefs about teaching and learning mathematical
modelling in the CAPS curriculum?

2. What are in-service teachers’ self-efficacy about teaching and learning mathematical
modelling in the CAPS curriculum?

3. What are in-service teachers’ prior knowledge of mathematical modelling in the CAPS
curriculum?

4. What are teachers’ perceptions about modelling content in the Grade 10 — 12 CAPS

curriculum?

It is significant to re-visit the theoretical framework that underpinned the research and the
themes that came out because of the findings before delving further into the discussion of the
results. The study’s goal was to investigate in-service teachers’ beliefs and self-efficacy using
a structural model of professional competence for teaching modelling. Furthermore, to
understand teachers’ perceptions about teaching modelling in the Grades 10 - 12 CAPS

mathematics curriculum.

The goal of the study was realised using a structural model of professional competence for
teaching mathematical modelling.
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From research question 1 to research question 3 scales were used to answer each main theme,
which is belief, self-efficacy, and prior knowledge. From research question 4 which is teachers’
perceptions about modelling in the Grade 10 — 12 CAPS curriculum about mathematical
modelling, four themes stood out during the explanation of the transcribed data from the
interviews. The themes were “teachers are more product-driven than process”, “learners should
take the lead during mathematical modelling”, “The curriculum timeframe limits learners from

exploring modelling” and “limitation of content in the mathematics curriculum.”
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Table 5.1 Themes and Components of the Study

Research question 1

Scales Components
Research question 1: Teachers’ e Modelling in the classroom
beliefs ~ about  mathematical e Application of modelling
modelling e Constructivist belief
e Transmissive belief
Research question 2: Teachers’ e The general role played by mathematical modelling
prior knowledge of mathematical from the ISTs courses.
modelling e Preparedness of ISTs for teaching mathematical
modelling

e Nature of modelling tasks teachers have
encountered during their educational journey.
e Teachers” experiences Wwith  mathematical
modelling in various contexts

Research question 3: Teachers’ e Mathematical modelling

self-efficacy about mathematical e Working mathematically

modelling

Research question 4 Emerged themes

Research question 4: Teachers’ e Teachers are more product-driven than process.
perceptions about mathematical e Learners should take the lead during mathematical
modelling in the CAPS curriculum modelling.

e Curriculum time frame limiting learners from
exploring modelling.

curriculum.

e Limitation of content in the mathematics

52. RQ 1: What are in-service teachers’ beliefs about teaching and learning

mathematical modelling in the CAPS curriculum?

5.2.1. Introduction

Answering research question 1, from the presented results in chapter 4 it was discovered that
mathematics teachers do believe in teaching and learning mathematical modelling in the CAPS
curriculum. There was an interesting debate from the presented results between teachers'

transmissive and constructivist beliefs in mathematics classrooms.

How learners learn mathematics in general including modelling and how they approach

mathematical tasks heavily relies on teachers' beliefs about the mathematics application in the
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classroom (Chamberlin et al., 2022). Hence, teachers' beliefs can be viewed as a major
fountainhead for teachers' pedagogy and preparation (Chamberlin et al., 2022; Kaiser & Maal3,
2006; Voss et al., 2013a). It was then necessary for this study to first investigate teachers'
beliefs about teaching and learning mathematical modelling to acquire perceptions of their

modelling competency.

5.2.2. Beliefs about mathematical modelling in the classroom

The presented results depicted that thirty-eight of 40 (95%) teachers showed positive belief
about modelling, which also showed their willingness of making modelling to be part of the
curriculum. Twenty of the 40 (50%) teachers believed that mathematical modelling is more
practical than reality. This shows that our teachers do understand and acknowledge the value
of modelling in the curriculum which will ensure that their learners are included during the
lessons and that they see the value of mathematics in their lives. That is teaching learners what
has already been experienced, other than teaching them what does not apply to their daily life
experiences. Furthermore, modelling content is structured in such a way that learners link what
they have learned in the classroom with their daily-life experiences. This disagreed with the
hypothesis of the researcher because it was hypothesised that teachers do not show a strong
belief in mathematical modelling in the classroom since it is less applied during teaching
(Blomhgj, 2019). But since most of the content taught starts from the CAPS curriculum, what
the curriculum caters to that area. The hypothesis was based on the literature reviewed that
teachers do not integrate most of their teachings with modelling (Blomhgj, 2019; Blum, 2015)
because they believe modelling is difficult and challenging to manage in the classroom during
a lesson (Durandt et al., 2022; Schmidt, 2011) and they are less aware of it. According to
research studies (see Blum, 2015; Passarella, 2021), it is significant for teachers to implement
both modelling and problem-posing in the classroom. It can be seen from the presented results
that teachers do believe in mathematical modelling in the classroom, and they are also eager if
learners should be presented with a chance to approach mathematical modelling tasks
independently. This support constructivist beliefs (positive) instead of transmissive belief

(negative).

5.2.3. Beliefs about the application of mathematical modelling
It is observed from the presented results that teachers agreed and acknowledge that
mathematical modelling is more practical than reality. This is a strong belief as it proves that

teachers are conscious of the real-life context embedded in modelling content. That means
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teachers will know the types of modelling tasks they should present to the learners, and it gives
relief that modelling tasks that will be done in the teachers' mathematics classes will be more
relevant to learners' daily-life experiences, for them to perceive the link of school mathematics
with their daily-life situations. As Blum (2015) put forward comprehension and learning of
reality situations require a clear engagement with the appropriate application of the modelling
tasks and modelling examples. Modelling tasks that comprise reality situations seen before
makes it easier for the learners to make assumptions and evaluations since it will probably be
situations that they have experienced before. In these kinds of situations, a sufficient shift from
intra-mathematical activities cannot be anticipated. Thus, extra-mathematical activities will do

as they are conceived as related to real-world situations (Niss & Hgjgaard, 2019).

Teachers contested that modelling is a productive game with concrete to reality. This aspect
supports the notion that modelling should start from primary education so that when learners
come to the secondary school level, they are aware of it, and competency will be easily
developed and enhanced. These findings confirm what was discovered in the study by Wei et
al. (2022) that Interventions for professional development in elementary schools can improve
the quality of mathematical modelling instruction in secondary schools, which will then
positively affect both lower-level education and higher education. It should be made clear that
using mathematical tools to solve real-world problems is viewed as the application of
mathematics. As Bahmaei (2014) acknowledges that the application into real-world situations
cannot be separated from using models and modelling processes. When teachers show belief
in the application of mathematical modelling it means they do believe that mathematics is
indeed applicable to our daily-life experiences and that belief will work in the best interest of
the learners to see the link between mathematics learned from school and their daily-life
experiences. (Mazana et al., 2019; Russo et al., 2020) mentioned that learning mathematics
comes with enjoyment and if only abstract concepts are often learned in the mathematics
classroom, learners will be demotivated and start showing some resistance to learning
mathematics with modelling. Hence, teachers will face more difficulties in promoting

modelling competencies among the learners.

From the question “Many aspects of mathematical modelling are used practically in reality.”
(Refer Appendix J), thirty-six of 40 (90%) teachers strongly agreed that many features of
modelling are used practically. This also supports the notion that our teachers are willing to
show learners the link between mathematics and reality. If our teachers strongly believe in the
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applicability of modelling in real life, then it will be easy to transfer this kind of belief to the

learners in the classroom (Chamberlin et al., 2022).

5.2.4. Constructivist beliefs

Simamora and Saragih's (2019) proposed that constructivist theory should be the foundation of
mathematics teaching pedagogies since it is likely to help learners' modelling abilities. The
results from constructivist belief in this study were looking good as thirty-six of 40 (90%)
teachers agreed that learners should be given independence in the classroom to do modelling
tasks. During the analysis of the interviews conducted, one of the teachers showed that s/ he
supports teaching modelling constructively, but the teacher further said:

"...you need to be careful about how you do it ... for example from the question you
asked me under self-efficacy about making assumptions, sometimes our learners make
crazy assumptions that are not even related to maths ... so basically letting them to be
independent needs strategic guidance from the teacher for them to make relevant

assumptions” (KN, line 26).

That is to confirm that the SA teachers who partook in the study are constructivists when
teaching mathematics, including modelling. As mentioned, teachers' beliefs in the classroom
drive the desired learners to be constructed and developed in the mathematics classroom
(Chamberlin et al., 2022). Seeing that teachers believe in teaching mathematics constructively,
that is allowing learners to take the lead during solving modelling tasks. That also portrays that
teachers are professionally competent in teaching the subject. As Blomeke, Kaiser, Konig and
Jentsch (2020) described competence is the collection of capabilities and expertise, and the
readiness of a learner to solve a modelling task and to evaluate their written solution. This kind
of competence and willingness should start from teachers before learners can acquire them. It
is good that most of the teachers are constructivists. Hence, thirty-six of 40 (90%) teachers

agreed to be constructivists when teaching modelling tasks.

Biccard and Wessels (2011) raised that the existence of teaching and beliefs about mathematics
can change teaching approaches of the traditional modelling approach currently used, and that
may point towards positive beliefs about mathematics in general, on how it is learned and how
it applies to real-life experiences. It is acknowledged (see Biccard & Wessels, 2011) that the
construction of beliefs takes time, meaning if learners from the primary level are taught by

teachers who are more transmissive beliefs than constructivists, those learners will have a
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challenge in changing to constructivist learning type, and learners who are taught by teachers
who are more of constructivists will be easy for them to learn modelling constructively. Thirty-
two of 40 (80%) teachers at the secondary school level (Grade 10 — 12) from the study believed
that learners learn better by discovering their ways of solving mathematical tasks instead of
being given step-by-step procedures. Blum and Ferri (2009) argued that for quality teaching of
mathematical modelling, maintaining a permanent balance between teachers who are
constructive believers and learners who can model tasks independently is very vital. Qualitative
results from the interviewed teachers indirectly supported the use of strategic interventions to
support learners as they are considered to have greater potential in supporting learners to
overcome difficulties faced by learners during a modelling cycle (Stender & Kaiser, 2015).

Teachers’ constructivist beliefs were then linked with teachers modelling competence.

5.24.1. Teachers’ modelling competence.

There were no specific questions from the questionnaire that were reserved to investigate
teachers' modelling competence for teaching mathematical modelling. At this level of study, it
is difficult to measure the competence of a certain aspect among teachers. This is because
"competence is perceived as a complex construct that addresses key aspects of the professional
debate” (Wess et al., 2021). But an attempt was made to give some knowledge about teachers'
competence in teaching mathematical modelling. Revisiting teacher professional competence
(PC), it was described as individual insightful abilities to act or to meet challenges in each
context (Blomhgj & Hgjgaard, 2003). From the description of competence by Wess et al.
(2021), in this study competence was viewed as teachers' knowledge and skills to
constructively teach learners modelling through the modelling cycle and allow them to be
competent in modelling independently. From this description of competence, an attempt to
measure teacher competence for teaching mathematical modelling was made through
constructivist belief. Since constructivist belief promotes constructive teaching and learning of
mathematical modelling in such a way that learners will conceptually understand the processes

of modelling and be able to approach and discuss modelling tasks independently.

From this study, I hypothetically linked teachers' competence with their constructivist beliefs,
meaning, the more a teacher is a constructivist the more the teacher is considered as PC for
teaching modelling. Hence, participating teachers seem to be competent in teaching modelling

since their results showed that they are constructivists.
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5.2.5. Transmissive beliefs

Beliefs are an important construct in mathematics education, and thus in the IST's mathematics
education. As described by Wess et al. (2021) that transmissive and constructivist beliefs
correlate negatively due to the non-identical theoretical views of teaching and learning
mathematical modelling. For teachers to promote the development of modelling sub-
competencies to the learners, it is advantageous to look at teachers' orientation beliefs for
teaching mathematical modelling. As for “Teachers should provide detailed procedures to
learners for solving application problems.”, teachers seem to be not sure if they should provide
detailed procedures of a modelling task to the learners in approaching modelling tasks. This
might be resulting in the IST's not knowing how to develop and enhance modelling
competencies among the learners. Because it is widely acknowledged by authors (see Bonyah
& Clark, 2022) that teachers, according to the structure of the South African curriculum often
teach for examination purposes. Meaning they provide learners with content knowledge that
will be examinable only, which is more procedural knowledge instead of conceptual
knowledge. As the Ministry of Education (Wei, Zhang & Guo, 2022) in Singapore emphasises
the significance of applications and modelling in the curriculum.

Looking at how teachers believe in terms of how they taught their learners, focusing on the
presented results for “Learners should solve tasks in the way they were taught in class.” most
of the teachers neither agreed nor disagreed. This might have resulted in teachers' experience
of how learners think in the classroom during a lesson, as cited above that one of the teachers
during the interviews mentioned that s/ he does not usually give learners the opportunity to
bring up their ways of solving tasks because they make assumptions that are not relevant to
real questions. | also put forward that for learners to be able to think of relevant assumptions
and make unreasonable conclusions. That should start from primary education (Bahmaei, 2014;
Wei, Zhang & Guo, 2022) so that when they get to secondary education, they have the

foundation and know what is expected of them through the process of learning modelling.

The presented results showed that 65% of the participating teachers disagreed with the question
of giving learners step-by-step procedures on how to solve modelling tasks in the classroom.
This is good as it shows that teachers are not transmissive in teaching modelling but are
constructivists. But looking at the overall mean (3.64), from sub-section 4.2.4 it showed that
teachers neither agreed nor disagreed, this is worrying as teachers are not sure if they should

provide a step-by-step detailed procedure to the learners or let them discover their ways of
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approaching modelling tasks, that is them taking the lead during modelling tasks. Overall,
teachers seem to be not sure if they should teach learners conceptually or procedural, which is

constructivist and transmissive respectively.

5.3.  RQ 2: What are the in-service teachers’ self-efficacy about teaching and learning

mathematical modelling in the CAPS curriculum?

5.3.1. Introduction

In answering research question 2, the presented results showed that teachers lack SEF abilities
to recognise learners' abilities during their modelling processes. The results demonstrated
teachers' efficacy for teaching modelling and indicated that promoting the progression of
modelling competencies of the learners and engagement during a lesson might be

compromised.

Teachers' SEF in mathematical modelling was used as a main component to investigate
teachers' efficacy to identify learners modelling abilities through mathematical modelling and
working mathematically with learners' abilities during the modelling cycle. SEF was regarded
as teachers' efficacy for their judgments based on their abilities to bring about desired results
of learners' involvement and learning in the modelling classroom. They are significant for
teaching and impact the performance, beliefs, and incentives of learners (Philippou &
Pantziara, 2015).

5.3.2. Self-efficacy for mathematical modelling

Findings showed that ISTs gave themselves low scores based on their self-efficacy to recognise
learners' abilities during modelling processes, such as building a model, simplifying,
mathematics, interpreting, and validating. Only in the question of "... their translation of
mathematical results into reality”, ISTs gave a higher score. | believe the high level of efficacy
for this question occurred because teachers do assist their learners in making assumptions about
areal problem. As mentioned by one of the teachers, learners are not mathematically competent
to make their assumptions with reality-posed questions. Interviewed teachers claimed that their

mathematical modelling SEF increases when they are teaching more modelling content.

“... Modelling requires a lot of time and engagement in the classroom; thus, it might
not be effective in the current curriculum since time per topic is very limited ...” (SN,
line 5)
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“It is difficult to be a master of problem-solving while not doing it daily, as | told you
before that out of 50 problems per topic you find that only 5 problem-solving are
provided ...” (KN, line 12)

This also proves the assumption that it's difficult for teachers to be competent in modelling
while they are not teaching it daily. Moreover, the obtained results showed that ISTs have low
SEF abilities for them to recognise learners' abilities during modelling phases. Hence, learners
will also find it difficult to develop such modelling competencies if their teachers do not
sufficiently have them. Additionally, some modelling questions from the CAPS curriculum are
not related to learners’ daily experiences, thus it will be difficult for them to make assumptions
about something they have not experienced before. As research studies (see Lesh & Caylor,
2007; MaaR, 2006) expressed that learners made richer assumptions of modelling tasks if they
met with the problem situations which were comprehensible in their reality. This is in line with
what was discovered by Durandt et al. (2022), that learners who had inadequate experiences

with the reality of the problem had problems in simplifying it.

Concerning teachers’ prior knowledge (see section 5.3), teachers seem to have sufficient prior
knowledge of mathematical modelling but insufficient competence in it because they don't
engage with it in the classroom daily. It is acknowledged (Wess et al., 2021) that mathematics
teachers’ SEF differs according to modelling phases. Simplification, mathematisation,
interpretation, and validation are stages that are particularly possible to identify in the
modelling process (Blum & Lei, 2007). In particular, the modelling phases of learners can be
found where the tasks can be readily followed in their written mathematical work and where

the learners' modelling stages are not exclusive to the modelling process.

5.3.3. Self-efficacy for working mathematically.

Greefrath and Vorholter (2016) put forward that learners apply heuristic?® strategies and
mathematical knowledge and skills to solve mathematical problems, under the modelling sub-
competencies this is categorised as working mathematically. As mentioned, that modelling is
a process that involves several steps before reaching the solution. During the modelling
processes, it is possible for a modeller to experience difficulties (Galbraith et al., 2007; Schaap
etal., 2011; Stillman et al., 2013). From the presented results of the study, teachers seemed to

be not aware that modelling is a process that includes a 7-step modelling cycle (Blum and

28 A heuristic approach is a temporary and logical process designed to find the answer to a specific situation at
hand. (1963, p. 13; Feigenbaum & Feldman)

113 |Page
The masters dissertation has been approved by the university (WSoE)



SJ Khoza_1636533

Leiss, 2007), as one of the emerged themes from the qualitative data analysis revealed that
teachers working under the SA CAPS curriculum are ' product-driven than process'. Hence,
according to the presented results, teachers focus more on the final answer than the process
when learners are solving a mathematical task in general, including modelling tasks. Klock
and Siller (2020) listed possible difficulties that may be faced by modellers (learners) during a
modelling cycle. In this section, I only focused on difficulties that may be faced by working
mathematically, which is a modelling sub-competency step during a modelling cycle.
Difficulties under working mathematically include failing to use appropriate formulas/
symbols?®, struggling to use appropriate algorithms and solutions®°, failing to understand the
given situation conceptually®?, failing to solve the problem due to the heavy/ complexity of

mathematics and struggling to convert between units.*?

As I examined the presented results for “... identify the different abilities of the learners using
their handling of the mathematical formulae and symbols used in modelling”, the results
showed that eighteen of the 40 (45%) teachers do agree that it’s not easy for them to identify
learner’s abilities based on how learners handled mathematical formulas and symbols.
Furthermore, six of the 40 (5%) teachers are not sure of their working mathematical SEF
abilities. This reveals that learners will be solving modelling tasks without guidance from their
teachers to improve their modelling competencies. This might be resulting in teachers not
having reasonable time to engage in modelling competencies. It is assumed that most of the
teachers teach modelling as other mathematical tasks that do not follow the 7 steps of a

modelling cycle.

As for teachers “... identify the different abilities of the learners using their written solutions
when modelling.”. The presented results of the study showed that teacher’s selection of choices
regarding this question was central, as seventeen of the 40 (42.5%) teachers agreed that it is
difficult for them to identify learners’ abilities from their written solutions, and further ten of
40 (25%) teachers are not sure. It cannot be argued that teachers modelling competencies are
still developing as it is confirmed from the study that in-service mathematics teachers in South
Africa are not sufficiently exposed to modelling tasks in such a way that they can develop them.
Though Winter and Venkat (2013) argued in their study that teachers' modelling competencies

29 Galbraith and Stillman (2006)

%0 Galbraith and Stillman (2006); Schaap et al. (2011)
31 Stillman et al. (2013)

32 Maaf (2005)
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are still developing and show being in the early stages, it was not revealed on the kind of
process or strategies they are engaging in, to prove that their modelling competencies are
developing. Being competent in modelling is difficult not only for learners but for mathematics
teachers as well (Jahnke & Hefendehl-Hebeker, 2019). Because according to the constructivist-
oriented view (see section 5.2.3) of learning modelling, learners are encouraged to develop
their models and find solutions for themselves. In this sense, teachers can only foresee what
learners will do during a modelling cycle (Jahnke & Hefendehl-Hebeker, 2019), the results
from this study showed disagreement with what the authors discovered in their study as
teachers from my study seemed not to be confident in diagnosing and intervening

spontaneously (Tropper et al. 2015) during learners modelling processes.

5.3.4. Research question 2 discussion summary

The overall discussion of research question 2, which intended to answer the in-service teachers'
self-efficacy about teaching mathematical modelling in the CAPS curriculum. The results and
discussions revealed that teachers have sufficient prior knowledge about mathematical
modelling, but not much modelling content knowledge from the CAPS curriculum. Hence, that
hinders teachers from developing capabilities of identifying learners' abilities based on their
modelling phases. Teachers showed that they wish to implement mathematical modelling in
their everyday lessons but do not know how to start it. This was also acknowledged by (Jahnke
& Hefendehl-Hebeker, 2019).

54. RQ 3: What are in-service teachers’ prior knowledge of mathematical modelling
in the CAPS curriculum?

5.4.1. Introduction

In answering research question 3, from the presented results teachers showed that they have
sufficient prior knowledge about mathematical modelling in the curriculum. Furthermore,
results demonstrated that teachers feel well prepared to teach modelling in the classroom. The
prior knowledge component was used to investigate teachers’ prior knowledge about
mathematical modelling from their early grades up until now as qualified mathematics teachers.
The component from this scale focuses on the general role played by modelling from the ISTs
training, on their extent to preparedness to teaching modelling, the type of modelling tasks they

have seen, and their previous experiences about modelling in various contexts.
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5.4.2. General role played by mathematical modelling from the ISTs courses.

There was a conflict of choices and confidence from the presented results. Teachers agreed that
they have learned mathematical modelling before, but they are not sure if it has been addressed
in their teacher training courses. Here, what was observed was that teachers may have done
modelling during their teacher training without realising they are doing modelling. NM from
the interviews said, "... actually from when I became a qualified teacher and started teaching
mathematics, it came to my mind that | did modelling without realising | was modelling tasks
...". From this, it can be generalised that modelling in some of the South African universities
IS not assigned to as a module or course on its own, but it comes from different topics randomly.
As Tran et al. (2021) said teaching and learning mathematical modelling is cognitively
demanding. It should be kept in mind that modelling is not about finding solutions to the
problems only, but it involves several steps from the modelling cycle (see Blum & Leiss, 2007)
that one should follow when solving modelling tasks. Further studies may be conducted to
investigate if teachers' competency in teaching modelling is through the 7-step modelling cycle
(Blum & Leiss, 2007). Overall, it means there's little contribution offered by the university

modelling in the mathematics teaching profession of the ISTs during their first year of teaching.

5.4.3. Preparedness of ISTs for teaching mathematical modelling

Teachers' preparedness for teaching modelling is one of the significant requirements that can
promote modelling competency among the learners in the classroom. From the presented
results, it was observed that 57.5% of the teachers were not sure whether they feel prepared to
teach modelling in the classroom. The results showed (depending on which university the ISTs
attended) that teachers are ready for teaching modelling, but as discussed above that the
curriculum does not provide enough time for them to teach modelling content. Eventually,
learners will not be competent in modelling if their teachers are not competent themselves
(Beswick & Fraser, 2019). Blum (2015) and Hankeln et al. (2019) would say if teachers are
not prepared to teach mathematical modelling, thus they are not knowledgeable about the

content, thus their modelling competency will be compromised as well.

As said, that from the consolidated results showed that 57.5% of the teachers feel not prepared
to teach modelling in the classroom. It is claimed that CAPS does offer modelling content (see
Mogege, 2017), but do they provide sufficient methods of teaching it to the learners? If more
than 50% of the teachers lack confidence in their ability to teach modelling, then that makes it
apparent that most mathematics lessons on modelling are either partially done or not done at
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all. Though teachers do not feel confident in teaching modelling, most of the participating
teachers revealed that they have solved modelling tasks before during their teacher training.
Hence, this disagreed with the study by Bonyah and Clark (2022) that the education system in
Africa does not provide much of modelling tasks. Meaning, from the South African education
system teachers, have done modelling before, though the results from sub-section 4.2.10
revealed that teachers are not well prepared to teach mathematical modelling and two of the
three (66.67%) interviewed teachers mentioned (see the excerpt below) that they are not

confident with their knowledge and skills of teaching mathematical modelling.

... if I am not aware of modelling in the curriculum that means knowledge and skills of

teaching is even worse ... (KN, line 1)

| would say | do have some knowledge and skills since I do teach word problems in the
classroom, for example when teaching rates, speed, distance, and time you see? It’s a

lot of wording in those questions... (NM, line 8)

5.4.4. Nature of modelling tasks teachers have encountered during their educational
journey.

As acknowledged by (Blum, 2015; Wess et al., 2021) that teachers first need to be competent
in modelling themselves before they can engage with learners in training them to be competent
in modelling. The presented results did confirm that 70% of the teachers' have done modelling
before and they have been working on modelling tasks themselves. Meaning, teachers do have
experience of what modelling is, but due to the limitation of modelling content in the CAPS
curriculum teachers are limited in using their prior experiences of modelling to ensure that

learners are modelling competent in the classroom.

5.4.5. Teachers’ experiences with mathematical modelling in various contexts

As the results showed that 57.5% of the teachers showed disagreement and are not sure
whether they have taught modelling before. This means some teachers still do not teach
mathematical modelling in the classroom but looking at the Grade 10 — 12 mathematics
curriculum, modelling is said to be part of the curriculum (see Mogege, 2017), and in this study,
I was working only with Grade 10 — 12 teachers, thus 30% of the teachers are not teaching and
integrating modelling in the classroom. 27.5% of the teachers are not sure if they are teaching

modelling in the classroom or not, it might be that teachers are not aware of what modelling is,
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as said from the literature that from Grades 10 — 11 modelling is referred to as word-problems,

and in Grade 12 is referred to as optimisation (or calculus application).

It is good that 42.5% of Grade 10 — 12 mathematics teachers are aware of mathematical
modelling in their curriculum, and they did confirm that they are teaching it. From teachers'
SEF results, teachers did show modelling competency (Blum & Leiss, 2007) by responding
positively based on their abilities to evaluate learners' abilities based on their mathematical
written work. Teachers showed that they do have experience and knowledge of teaching
modelling, but it hasn’t played a role in their teaching profession. What was confirmed here is
that modelling is less dominant in the curriculum as teachers haven’t used their modelling skills

in the mathematics classroom during a lesson.

5.4.6. Research question 3 discussion summary

Briefly, to answer research question 2 about teachers' prior knowledge about teaching and
learning of modelling in the CAPS curriculum. The discussions revealed that teachers are
aware of modelling in the classroom, and they do have prior knowledge about mathematical
modelling with some from the university during teacher training. It further confirmed that ISTs'
previous knowledge about modelling was restricted during their teacher training at the
university level. Hence, modelling in our education system still needs pedagogical reform
(Bonyah & Clark, 2022) in terms of how teachers are trained to teach it.

5.5. RQ 4: What are teachers’ perceptions about modelling content in the Grade 10 —
12 CAPS curriculum?

5.5.1. Introduction

This question addressed teachers’ perceptions and recommendations about modelling content
in the mathematics Grade 10 — 12 CAPS curriculums. While teachers showed similar
perceptions and recommendations about mathematical modelling in the curriculum. Two of the
three (66.67%) interviewed teachers showed different perspectives on whether teachers
should take the lead during modelling tasks or learners should be the ones leading and working
independently. The literature on this suggests that learners should be working independently
when modelling tasks with little scaffolding from the teacher and the curriculum should be
more of modelling content that is relevant to the learners so that learners can see the link and
significance of learning mathematics at school (Bonyah & Clark, 2022; Mudaly, 2004; Mudaly
& Dowlath, 2016; Tran et al., 2020).
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Before discussing the stood-out themes, I firstly demonstrated teachers' awareness (see Table

5.2) about mathematical modelling in the curriculum and their knowledge and skills for

teaching modelling. It seems significant to first find out to what extent are teachers aware of

mathematical modelling in the curriculum. The presented results showed that teachers are

aware of modelling in the curriculum. Teachers raised that they know modelling as problem-

solving from Grades 8 — 11 and optimisation at the Grade 12 level.

Table 5.2 Teachers” Awareness, knowledge, and Skills about mathematical modelling

Question (s)

Teachers’ Scales (and Teachers’
Responses)

How would you rate your level of
awareness of mathematical modelling in the
curriculum?

Please say more about the scale that you
have chosen.

NM (rated 7)
KN (rated 5)

NM: “I would say I was aware of
mathematical modelling during my teacher
training at university ...”

KN: “...because the mathematics
curriculum is more of mathematical content
in general than modelling itself, hence | as a
teacher I’'m not too exposed to
modelling...”

How would you rate your knowledge and
skills for teaching modelling in the
curriculum?

Please say more about this scale that you
have

NM (rated 6)
KN (rated 4)

NM: “I don’t have much to say since they
haven’t taught modelling often”

KN: "If my level of awareness is low that
means my knowledge and skills of teaching
modelling will be even worse ... I was
never trained how to teach modelling in the
classroom..."

The result of the research study uncovered that teachers do have a suitable working knowledge

of modelling and they agreed that they have knowledge and skills in teaching modelling. These

results disagreed with the results from the study by Mudaly and Dowlath (2016) in South

Africa, Kwazulu-Natal, that revealed PSTs did not have satisfactory working knowledge and
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skills in mathematical modelling, though they used their modelling competencies to solve the
modelling tasks that form part of the study questionnaire. It may be that PSTs are still under
training, unlike the ISTs they are qualified and already teaching mathematics including
modelling. Though from my study no method was meant to assess the level of teachers'
knowledge and skills for teaching mathematical modelling, it was asked of them without

proving it. Hence, the results cannot be generalised.

5.5.2. Emerged themes from the interviews.

The study examined the mathematical modelling competency of 40 teachers, but only three
teachers were interviewed. The participating teachers were already qualified and teaching
mathematics including modelling. Four major themes emerged from the interviews data
analysis: 'teachers are more product-driven than process', ‘learners should take lead during
mathematical modelling’, 'Curriculum timeframe limits learners from exploring modelling', and

'limitation of content in the curriculum'.

a) Teachers are more product-driven than process: Teachers teach for the completion of the
content in the curriculum, which focuses more on procedural knowledge than conceptual

knowledge.

From the presented results, teachers feel overwhelmed by the way the curriculum is
structured which is leading them to focus on the product (results) then the process
(methods). From the CAPS documents, one of the general aims of the SA CAPS curriculum
(2011) is to make certain that learners acquire and use knowledge and skills in ways that
give their own experiences a purpose. According to this perspective, the curriculum
encourages knowledge in regional contexts while keeping in mind universal needs. To
ensure that such general aims are fulfilled, the curriculum should make it possible by
ensuring that there is enough time for them to teach and let learners master the concepts.
But from the obtained results, teachers showed that the CAPS do not fulfil some aspects of
its policy, and that ends up causing teachers to not fully engage with the mathematics

concepts, rather, teaching learners for examination purposes only (Bonyah & Clark, 2022).

These results confirmed what was discovered in the study by Bonyah and Clark (2022),
that mathematical modelling can be composed of some of the topics already in the
mathematics curriculum taught at secondary schools. As KN did mention that topics such

as finance and statistics can be taught using a modelling approach. However, the issues
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raised by the teachers from the implemented SA CAPS (2011) curriculum stem from the
teaching methods suggested by the curriculum which mostly neglect modelling (Mudaly &
Dowlath, 2016), and the nature of the final examination setting leading to certification of
the learners. It was quite difficult to promote modelling competencies among the learners
if the curriculum does not support the notion of it. According to the modelling expectations
(Warner, Schorr & Warner, 2014), for learners to be competent in modelling they need to

take the lead in their work when solving a modelling task.

Learners should take the lead during mathematical modelling: Learners should find ways
of approaching modelling tasks that will develop and enhance their modelling

competencies.

The insufficient modelling content in the CAPS curriculum makes it difficult for teachers
to promote and develop modelling competencies among the learners. It should be
acknowledged that modelling is a process that involves several steps, and modelling
competencies develop over time. During interview data analysis, teachers showed belief
in letting learners take the lead during solving modelling tasks, through their response
teachers showed acknowledgement that the curriculum does not include much modelling
content. Hence, it will be difficult for them to train learners in modelling in such a way that
they can take the lead for themselves while it is not done daily (Vorhélter et al., 2019).
Kaiser, Blum, Ferri and Stillman (2011) raised that there is a fundamental difference
between learners in modelling class working independently with the scaffolding (strategic
interventions) from the teachers in the classroom, and learners working completely alone.
NM teachers confirmed what has been found by the authors that teachers play a significant
role in teaching and learning modelling in the classroom. Hence, the interviewed teacher
argued that these two strategies of learning modelling should occur concurrently, of
whether learners should take the lead during modelling or teachers should provide a step-
by-step during modelling tasks. The rationale for that might be because of the difficulty of
modelling tasks that differs in terms of the provided reality situation, thus there are
situations in modelling where learners can take the lead in solving them through teachers'’
help. But some situations will require teachers to take the lead in solving them to guide
learners on how they should be approached. The findings of this study confirmed what was
discovered in the study by (Geiger et al., 2022; Tan & Ang, 2016), that teachers do value
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the approach of giving learners the opportunity to lead their work during the modelling

cycle, but they admitted that in some of the tasks it is difficult to let learners lead the work.

Giving learners an opportunity to take the lead will be good, but some challenges may be
experienced by the teachers in the classroom. The study by Warner, Schorr, and Warner
(2014) revealed that a teacher was having a challenge in understanding some of the learners'
mathematical approaches, reasoning, explanations, and justifications. This can be possibly
experienced by other teachers during solving modelling tasks, as teachers might struggle to
understand learners’ assumptions of a given situation. As one of the teachers in the study
mentioned that learners make “crazy assumptions”. In this regard, teachers need to be
supported by the structure of the mathematics content in the curriculum and workshops

from DBE® to strengthen their modelling competency.

Curriculum timeframe limits learners from exploring modelling: It is significant to
understand that learners require more time to understand mathematics in general and

modelling, and for them to be independent and competent.

Secondary school education does not have much modelling content in the South African
educational system (Mudaly & Dowlath, 2016). Mathematics content that links learner's
real-life experiences is mostly not accounted for in the curriculum. As also interviewed
teachers touched on that aspect. It can be generally said that the African educational system
does not include modelling as a content, though NM and SN mentioned that they did
mathematical modelling as a course during his/ her training at the university. But it hasn't
helped them during their first year of teaching. As said from the literature Wits and UJ do
offer modelling modules, but what was observed is that they are offered from the upper
levels. If the curriculum does not cater to modelling in it, it will be challenging for teachers
to teach it to the learners daily. Including modelling in an everyday lesson is one of the
suggested methods that can develop learners modelling competencies and enhance them
(Vorholter et al., 2019). By doing so, teachers will also acquire skills for understanding
learners' written mathematical work. From teachers' SEF about teaching and learning
mathematical modelling (see section 5.4), teachers are expected to be efficient in
identifying learners' abilities through their written mathematical work, which seems to be

possible if teachers and learners are doing modelling daily during mathematics classes.

33 Department of Basic Education
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Teachers may, of course, attempt to do modelling often with the learners, but the curriculum
is structured in such a way that every topic has a specific time limit that should be spent on
it. As KN mentioned:

“... however, from my experience that is a big task because it cannot be done
because the system puts pressure on educators, and the system is very results
focused. So, teachers will get things done so those things like problem-solving and
in terms of developing those models should start at an early grade where children
learn those skills so that when they come to high school you don't like teaching
them from scratch...” (KN, lines 2 — 6)

| put forward that the curriculum in SA should be revised and spare enough time for
specifically modelling content in it. That might also put some strain on teachers since it is
not something they are doing daily. | suggest more workshops be conducted for teacher
training purposes in modelling, and resources be made available for easy accessibility by

the teachers and learners.

Limitation of content in the mathematics curriculum: Limitation of content in the
curriculum will give teachers more time to teach modelling deeply and allow learners to

have an opportunity to explore more of the concepts and do modelling often independently.

The time frames for each topic in the curriculum are set for specific good reasons that will
ensure there's the quality of education in the South African educational system. It should
be acknowledged that concepts in each topic from the curriculum are topics that learners
will need in the future, and they are catered for in the curriculum. However, having topics
that are related to learners' daily life experiences would be an advantage as learners will get
to see the value of learning mathematics at school (Tran et al., 2020). During the interview
data analysis, teachers raised that some of the contents in the curriculum are not playing
much role in learners' experiences, thus it should be revised with content that will play a
significant role in learners' experiences and value its existence. Though the teacher during
the interview was not specific on which content or topics should be revised, he/ she
mentioned and acknowledged that modelling is widely known for engaging learners in the
mathematics classroom with reality examples (Bonotto & Passarella, 2018; Van den
Heuvel-Panhuizen & Drijvers, 2014).
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Therefore, the teacher suggested that some of the topics such as algebra might be difficult
to teach using modelling approaches. The teacher also mentioned that modelling is viewed
as problem-solving in real situations. From the teacher's statement, it can be argued that
learners use algebra to solve modelling tasks after setting up a mathematical model.
Brating, Madej and Hemmi (2019) argued that algebra is considered a significant
fundamental for solving general mathematical tasks, and algebra is said to be presenting
problem-solving situations through algebraic expressions and equations incorporating
unknowns and variables (Kieran, 2020).

It is going to be a challenge to limit the content already included in the mathematics
curriculum. According to my knowledge, all topics in the curriculum are fundamentally
significant to be learned at school and they prepare learners for the university. My input is
that the current content in the curriculum should be revised, meaning try to integrate
modelling in most of the topics and ensure it is dominant in the curriculum. In this regard,
learners will be presented with more reality context tasks in mathematics and teachers will
have the opportunity to use modelling teaching strategies learned during their teacher
training. Thus, teachers modelling competency will be enhanced as well.

5.5.3. Teachers’ recommendations about modelling in the curriculum

Provided below (see Table 5.3) are teachers' recommendations about mathematical modelling
in the curriculum. From the interview data analysis, teachers recommended that mathematics
textbooks used at schools should be incorporated with more modelling tasks. As was discussed
in the literature and introduction (see Chapters 1 and 2) that most tasks from the currently used
textbooks are mathematical tasks in general, and only one to five of the fifty tasks are
modelling. Another recommendation that was appealed to by the teachers is that content
learning in the mathematics classroom should be contextualised with learners' daily life

experiences.
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Table 5.3 Teachers’ summary for recommendations about modelling in the curriculum

Categories Teacher’s excerpts
More modelling tasks should be "... sometimes from the textbooks you find,
incorporated into the textbooks. there's one modelling example out of fifty

problems given ..." (KN; SN)

More tasks in mathematics should be | "Most of the problems in the textbooks and study
related to learners' real-life situations. | guides are abstract and do not closely relate to
learners' experiences..." (NM, line 4)

Modelling should be learned from “... Developing those models should start at an
lower grades (primary schools). early grade where children learn those skills so
that when they come to high school you don't like
to teach them from scratch ...” (KN, line 7)

Some recommendations might be a challenge on the basis that there’s a lot of diversity in South
African classrooms (Taole, 2020), particularly in rural areas, thus, bringing textbooks that
will contain learners’ experiences might be a challenge as learners might exhibit different
experiences in the classroom. Another significant recommendation was that modelling should
start in primary education to ensure that there's a modelling content link between teachers at
the primary school level and teachers at the secondary school level. This recommendation
confirmed what was discovered in the study by (Tran et al., 2020). | acknowledge that
modelling is regarded as a topic that can bring mathematical sense to the learners of the world

around them.
5.6.  Chapter summary and conclusion

The analysis of the results shows that teachers showed that they do believe in modelling and
that it brings reality to the learners in the form of mathematical models. It is confirmed that
their beliefs are through their modelling prior knowledge, meaning they have done or seen

modelling before, and they have modelled some of the tasks from their secondary education to

34 Rural areas (sometimes called a village) are areas (settlements) that are based outside cities and towns, and it
has a low population.
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qualified mathematics teachers. Furthermore, teachers showed low SEF in identifying learners'’
abilities during learners’ modelling processes and from their written mathematical work.
Though teachers showed a willingness to integrate modelling into the curriculum as they
confirmed that the current CAPS mathematics curriculum insufficiently dominates modelling
content in it. Additionally, they showed that they are constructivist believers as they are willing
to let learners take the lead during modelling processes with the help of the teachers (Tan &
Ang, 2016). It seems to be safe to generalise that such beliefs will not be applied during

modelling lessons only, but also when learning mathematics in general.

The following Chapter 6 provides a conclusion about the discussion of the findings of the study,
limitations that were observed during the study process, and recommendations for future

research.

126 |Page
The masters dissertation has been approved by the university (WSoE)



SJ Khoza_1636533

CHAPTER 6: CONCLUSION, LIMITATIONS OF THE STUDY &
RECOMMENDATIONS

6.1. Introduction

This study investigated IST's beliefs and SEF about teaching and learning mathematical
modelling through a structural model of professional competence for teaching modelling. The
study was conducted at eleven public secondary schools in Johannesburg, Gauteng province in
SA. The aim was to attain an understanding of the ISTs' beliefs, SEF, prior knowledge,
perceptions, and recommendations about teaching modelling content with the CAPS
mathematics curriculum. This was due to the lack of relevant literature on teachers' beliefs and
SEF about teaching modelling in public secondary schools in the South African educational
system (Mudaly & Clark, 2022).

A quantitative research design was adopted for analysing the questionnaire among the 40
participating teachers, and a qualitative research design was adopted for analysing the
interviews among the 3 mathematics teachers and to answer the fourth research question as

described in chapters 1 and 4.

In this chapter, I presented an overview of the central findings of the study. The next sections
of the chapter provide a synopsis discussion of the contribution of the study and are linked to
the wider research and debates on the teaching and learning of mathematical modelling. Then,
the related limitations of the study are detailed. Finally, I conclude this chapter by discussing
possible further research, recommendations of teaching modelling as well as recommendations
for teacher support and training. | propose the need for more research studies in the South
African ISTs to comprehend the nature of teaching mathematical modelling, focusing on the
Grade 10 — 12 curriculum including primary education, and possibly modelling intervention

strategies that may be adopted by mathematics teachers.
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6.2.  Summary of the study

6.2.1. Quantitative research findings and discussion summary (questionnaire)

Research question 1

e What are in-service teachers’ beliefs about teaching and learning mathematical

modelling in the CAPS curriculum?

Measuring teachers’ beliefs was done based on the following four components, Modelling in
the classroom, Application of modelling, Constructivist belief, and Transmissive belief. What
was discovered from the data collected is that ISMTs do believe in mathematical modelling
with the CAPS curriculum. They showed that it is significant to give learners an opportunity
to do modelling in the classroom since it is more practical to reality. Additionally, teachers
showed that they are constructivists as they promoted giving learners an opportunity to be the
ones leading in solving modelling tasks. But they did acknowledge that often learners should
be guided when solving a mathematical task. Obtained results of the study support the notion
posed by (Biccard & Wessels, 2011; Chamberlin et al., 2022) that teacher and learner beliefs
are key to productive modelling, and the beliefs that one possess shapes their mathematical

behaviours and competence.
Research question 2

e What are the in-service teachers’ self-efficacy about teaching and learning
mathematical modelling in the CAPS curriculum?

Measuring teachers' SEF was operationalised within two scales: mathematical modelling and
mathematical working. Presented and discussed results revealed that teachers' SEF for
recognising learners' abilities during a modelling cycle is not strong enough to be guaranteed
that it will promote and develop learners modelling competencies. As explained that modelling
a task contains several steps, and modelling competency needs to be acquired over some time.
What came out from the results is that modelling should be included in an everyday lesson for

teachers to be more exposed to it and sufficiently competent in it.
Research question 3

e What are in-service teachers’ prior knowledge about modelling content in the CAPS

curriculum?
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Teachers’ previous knowledge about mathematical modelling was measured through the four
following components, General role played by mathematical modelling from the ISTs courses,
Preparedness of ISTs for teaching mathematical modelling, Nature of modelling tasks teachers
have encountered during their educational journey, Teachers' experiences about mathematical
modelling in various contexts. The discussions revealed that teachers have past experiences
with modelling from their secondary education to their teacher training at university. They
showed that they were ready to use their knowledge and skills for teaching modelling during
their first years of teaching. Unfortunately, they experienced that modelling is not dominating

as it should be in the curriculum. Thus, their competence in modelling was compromised.

6.2.2. Qualitative research findings and discussion summary (interviews)

Research question 4

e What are teachers’ perceptions about modelling content in the Grade 10 — 12 CAPS

curriculum?

There were two significant points based on teachers' perceptions and two vital points from
teachers' recommendations that they emphasised. From their perceptions, firstly they showed
that they are aware of mathematical modelling and what it is. Secondly, they showed that they
have done modelling before from their basic education to their teacher training at universities.
From their recommendations, firstly they put forward that mathematics content from the
curriculum should be limited in such a way that teachers will have enough time to teach the
concept conceptually and give learners enough time to explore the concept taught as well.
Lastly, teachers were concerned that modelling is not dominating in the curriculum, they
mentioned that only 1% of the mathematical problems provided in the textbooks are modelling
problems. Hence, it will be challenging for them to be competent in modelling while they are
not teaching modelling daily.

The following major themes emerged for answering research question 4: Which intended to
investigate and understand ISTs perceptions and recommendations about modelling in the

CAPS curriculum.
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Four major themes emerged from the qualitative research (interviews):

a) Teachers are more product-driven than process: Teachers are teaching for the
completion of the content in the curriculum, which puts more focus on procedural

understanding than conceptual understanding.

b) Learners should take the lead during mathematical modelling: Learners should find
ways of approaching modelling tasks that will develop and enhance their modelling

competencies.

c) The curriculum timeframe limits learners from exploring modelling: The significance
of understanding is that learners require more time to understand modelling and for

them to be independent.

d) Limitation of content in the mathematics curriculum: Limitation of content in the
curriculum will give teachers more time to teach modelling deeply and allow learners

to have an opportunity to explore more of the concepts and do modelling independently.

From the overall report, teachers are aware of modelling content in the curriculum, but they
are concerned about the way it is structured. Teachers perceived that modelling content is
limited in the curriculum and should dominate more than other topics as it focuses on learners'
contexts. From my experiences, my input in this is that topics from the curriculum should be
given enough time to be taught and learned, eventually teaching focus will be more on

conceptual understanding than procedural understanding.
6.3.  Limitations of the study

Due to the time constraints of the study, and the limitation to reaching out to more participants,
ISTs, the study fascinated the facet of professional competence (beliefs and SEF) to achieve
the main aim of the proposed study (see Figure 2.3). Qualitative interviews were used to
strengthen the quantitative data, and modelling-specific pedagogical content knowledge from
Figure 2.3 was not investigated in the current study. This means that the researcher was not
able to provide more information on teachers' knowledge about modelling tasks, concepts,
perspectives, objectives, and knowledge about modelling processes, and strategic

interventions.
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6.4. Recommendations for further research

In this section, | detailed recommendations for future research that may be conducted to
strengthen more teachers modelling competency and to enhance the teaching and learning of
modelling in the curriculum. Recommendations were based on teaching modelling in the
classroom, PSTs' development of modelling competencies, and modelling teaching methods to

be used in the classroom.

6.4.1. Recommendations for teaching modelling in the classroom

This study can be considered the first part of the investigation of teachers' modelling
competency. The objective of the research study was thus to investigate teachers' beliefs, self-
efficacy, prior knowledge, and perceptions about their mathematical modelling competency to
recommend future training and methods of teaching modelling in the classroom. Limitations
that were also observed during the study urged for future research to be conducted to gain more
understanding of mathematics teachers' modelling competency. | recommend research studies
to be also conducted amongst the senior phase (Grade 7 — 9) and foundation phase (Grade R —
6) teachers to find out to what extent are they aware of modelling in the current curriculum,
and what would be their suggestions in integrating modelling across the curriculum and make
it more dominant to ensure that modelling competencies are developed and enhanced at an

early grade of the learners.

6.4.2. Pre-service teachers’ development of modelling competencies

To ensure that the development of mathematical modelling competencies is developed in the
classroom for the learners we need to make sure that teachers are modelling competent
themselves first. | recommend future research studies be conducted on how teachers modelling
courses during their training are structured. Does it train them to teach modelling in such a way
that they will develop modelling competencies among learners through the 7-step of modelling
cycle by Blum and Leiss (2007)? My recommendation is that the structuring of the PSTs
courses at the university should include modelling that promotes the development of modelling
sub-competencies (1. Building a model 2. Simplifying 3. Mathematics 4. Mathematical work

5. Interpretation 6. Validation and 7. Evaluating).
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6.4.3. Modelling teaching methods to be used in the classroom.

As discovered that teaching modelling might not be necessary the same as teaching
mathematics in general. Hence, for future research studies, | would suggest researchers
investigate teachers’ competence in teaching mathematical modelling utilising strategic
interventions suggested by De Jong and Lazonder (2014). It might be of help to teachers in
developing their immediate thinking skills when learners ask a question or when learners share

their ideas of their written modelling solutions.
6.5.  Conclusion of the study

This chapter analysed in detail the findings of teachers' responses from the questionnaire and
interviews. The chapter connects the research aims, objectives, and results of the study through
an analysis of teachers' responses. It gives a succinct research report about what was done in
the research study and discusses the data that was collected with the research questions
developed to fulfil the purpose of the study. | also drew a conclusion based on the findings
from the study, relevant literature reviewed, and personal experiences about mathematical

modelling and made recommendations based on the evidence obtained from the collected data.

The study aimed to investigate ISTs' beliefs, SEF, prior experiences, perceptions, and
recommendations for teaching mathematical modelling using a structural model of professional
competence for teaching mathematical models as a framework developed by (Wess et al.,
2021). The targeted participants were Grade 10 — 12, mathematics teachers. A mixed research
method approach was used to investigate teachers' modelling competency, therefore, the data
collected comprised quantitative and qualitative data.

It is believed that a learner's competence in modelling, and mathematics in general is directly
associated with teachers' beliefs, SEF, and content knowledge. Hence, the study attempted to
identify the gaps preventing the development of mathematical modelling competence among

learners by developing positive attitudes and values towards the modelling content.

In South Africa, teaching and learning through a modelling approach may profoundly add value
to the enhancement of learners' beliefs about mathematics, increase motivation and positive
attitude towards modelling, exposes more to complex problems and their solutions, and

develop mathematical critical thinking competence (Biki¢, Burgi¢ & Kurti¢, 2021).
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APPENDIX A Questionnaire SPSS coding sample
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Educator,
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you for participating In this guestionnaire. As a principle, the information

you provide in this questionnaire will be treated with confidentiality and your
personal information will not be included in any publications that may result

form of this study. Completion of the questionnaire (both the hard copy and onling)
implies consent.
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Teachess' Befieds and Sall-eficacy aboul Malhamalcal Modedling

To what extent do you agree with the following statements?

A--Mathematical
madelling
zhould be part of
rmathematics
education in the
CAPS,

~2 Results of
rmathematical
maodelling have
benefits for our
societies,

A Learmers
should be given
the oppartunity
to do
mathematical
muodelling in the
classroam.

A Learners laam
mathematics
best by
discovering their
own ways of
solving
problams.

_S-Mathematical
madelling is an
unproductive
game, with no
concrete relation
ta reality.

BEffective
teachers show
the right way
and methods to
solve an
application
problem,

A Learners

{ §”  should solve
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AWZTI2E, 1144 AM Teachers' Beliefs and SII-IFFII’.EJ::" about Mashematical Madaling

tasks in the way
they were taught
in class,

,B{Teac:hem
should allow
learners to come q
up with their
Ib own ways of
salving O @® () O ]
application
prablems before
they show them
how to solve
them.

A among other
competences,

mathematical b
' '] modelling

competence
should be taught
inthe
classraom.

Y Learners
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have the

| % opportunity to O O @ O O

follow their .
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method '
solutions.

47 Mathematics
should be taught
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[ﬁ a way that O ® O O O

leamers can see
the links on their
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71| Mathematical [
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23

should be a
specific topic in
the CAPS
mathematics
curriculum.

. A Bdodelling

helps leamers to
understand
mathematics
when thay are
asked 1o discuss
thelr own
solution
thinking.

Je-in
mathamatical
mmadelling, yau
work on tasks
that are more
practical,

T Teachers
should provide
detailed
proceduras to
learners for
s0lving
application
problems.

SELF-EFFICACY
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Teachars' Beliefs and Sef-afficacy about Mathaematical Modalling
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Teachars' Beliefs and Self-efficacy ahout Mathemadical Modeling

It is easy for me o identify the different abilities of the learners using ...

FT . thelr
translation of
mathematical
resuits into
reality.
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solutions when
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recarding of the
reasonable test
of their solution.
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assessment of
the refationship
between the
mathematical
result and real
results that they
prodice,

2T, . the
recording of the
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for madelling
tasks,
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maodels/methods
they chose when
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used in the
modelling
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assessment of
how well they
improved the
madals that were
already in use at
the time of
modelling.

24, . the
assumptions they
made when
modelling.

27 _the

learners’
solutions when
madelling.

28 their
handling of the
mathematical
symbols and
operators used in
moadeliing.
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Teachers' Balels and Sall-aficacy abaut Malhematical Madalling
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To what extent do you agree with the following statements?
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working an
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during my
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APPENDIX B Interview Questions

Rezearcher : Mr SJd Khoza ot THE an,-.k
4
4 Ta
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o "
- »
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b= (=]
CODE:
& s
o +
¥a I

Research Title : Investigating In-service Teachers” Beliefs and Self-efficacy
about Mathematical Madelling Using a Structural Model of Professional
Competence for Teaching Mathematical Modelling.

Dear Educator

Thank you for taking time to participate in the interviews. | do appreciate your consent 1o
allow me to use the data in my research report without disclosing your identity. In this
interview, | will ask you some questions about mathematics, in particular about your
perception or belief about mathematical modelling in the mathematics curriculum and in the
classroom.

BELIEFS:

1. Regarding the applications of mathematical modelling in real-life. Do you believe that
modeling has applications in real life?

2. Do you believe that mathematical modeling is useful in mathematical education?

3. What is your belief about learmer-involvement in mathematical learning tasks? Should
the teacher provide step-by-step guidelines on how learners should solve modelling
tasks? Or should the teacher allow learners to work on the tasks by themselves?

4. Do vyou believe that the teacher should take the lead in solving modelling tasks for the
learners or do you believe that learners should take the lead in solving modelling tasks.

SELF-EFFICACY:
5. How easy is it for you in your teaching, to recognise the different abilities of learners:

a) from their written mathematical solution solutions.

b) about the mathematical models/methods they choose when modelling.

¢} about recording their mathematical results in the modelling process.

d) about the mathematical formula and symbols, they use in the modelling process.
e} about handling of mathematical symbols, they use in the modelling process.

6. How difficolt is it for vou in your teaching, to recognise the different abilities of learners

in terms of:
a) the assumptions they make in the modelling process.
b) the reasonableness of the solutions after checking.
d) recording of the relationship between mathematical result and reality in their
modelling solutions.

e) about handling of mathematical symbols, they use in the modelling process.
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General Questions:

7. Regarding mathematics as a whole in the CAPS curriculum Grade 10 - 12, what
recommendations can you offer to improve the teaching and learning of the subject?
Which topics of mathematics do you recommend giving special attention to, and
which ones not so much attention? Why and why not?

8. What tools or equipment do you usually use in teaching mathematics? What examples
do you give when you teach different Grades? Give some examples that you
remember.

9. To what extend are you aware with the CAPS curriculum Grade 10 - 127 and with
mathematical modelling in the curriculum?

10. When and where did you first learn about mathematical modelling? For example, in
high schoal when you were a learner, or in the university or both? Or did you learn
about it from the CAPS curriculum after graduation?

11. How often have you encountered modelling problems from your high school
experience until now as a qualified teacher?

12. As a qualified mathematics teacher, how do you implement modelling in your
classroom teaching? Do you teach modelling separately or do you integrate modelling
in each mathematics topic that yvou teach? please give examples if you can.

13. What do you like about teaching problem-solving and applications through
mathematical modelling? What does not work for you when you try to teach
modelling?

14. From your knowledge and experience in teaching mathematics, what do you think are
the benefits of modelling? What are the possible challenges with modelling in schoal
mathematics?

15. Regarding modelling in the CAPS curriculum Grade 10-12, what recommendation can
you give to improve the teaching and learning of applications and mathematical
modelling? Should modelling be scaled to other school levels including the primary
school level? Why or why not?

16.

a) In a scale of 1-10 {where 1 is minimum awareness, and 10 Is maximum awareness)
how would you rate you level of awareness of mathematical modelling in the
curriculum? Please say more about the scale that you have chosen.

b) In a scale of 1-10 (where 1 is minimum knowledge and skills, and 10 is maximum
knowledge and skills for teaching modelling in mathematics) how would you rate your
knowledge and skills for teaching modelling in the curriculum. Please say more about
this scale that you have.
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APPENDIX C Mathematical modelling played a role in my first year of teaching at

school.
Cumulative
Frequency Percent  Valid Percent Percent

Valid  Strongly disagree 2 5.0 5.0 5.0

Disagree 9 22.5 22.5 27.5

Neither agree nor disagree 16 40.0 40.0 67.5

Agree 11 27.5 27.5 95.0

Strongly agree 2 5.0 5.0 100.0

Total 40 100.0 100.0

APPENDIX D In my education (high school to university), | have already acquired
knowledge to teach modelling.

Cumulative
Frequency Percent  Valid Percent Percent
Valid  Strongly disagree 3 7.5 7.5 75
Disagree 6 15.0 15.0 22.5
Niether agree nor disagree 14 35.0 35.0 57.5
Agree 12 30.0 30.0 87.5
Strongly agree 5 125 125 100.0

Total 40 100.0 100.0

APPENDIX E I have already gained teaching experience in mathematical modelling.

Cumulative
Frequency Percent Valid Percent Percent

Valid  Strongly disagree 2 5.0 5.0 5.0
Disagree 11 27.5 27.5 32.5
Niether agree nor disagree 9 22.5 225 55.0
Agree 13 32.5 32.5 87.5
Strongly agree 5 125 125 100.0
Total 40 100.0 100.0
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APPENDIX J Many aspects of mathematical modelling are used practically in reality.

Frequency  Percent Valid Percent  Cumulative Percent
Valid Neither agree nor disagree 4 10.0 10.0 10.0
Agree 21 52.5 52.5 62.5
Strongly agree 15 37.5 37.5 100.0
Total 40 100.0 100.0
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APPENDIX F NM Interview responses sample

Interviewer: ... Do you believe that modeling has applications in real life? Should you believe that they
do have application in real life what examples can | give?

NM: Yes, | do believe let’s say yvou have a business OK and you're trying to teach them how to get profit
from whatever they sell OK. Let's say they want to sell apples they can use mathematical modeling in

that aspect point.
Interviewer: Do you believe that mathematical modeling is useful in mathematical education?

HM‘F h‘ iz useful 100% because teaching Grade 10 and 11 word problems you want them to see what's |
happening around them and we don’t call it modelling but we call it word-problems r.:rnd_
... how we teach it to the
learners | think it's very crucial and it's telling you or it shows you the copabilities of your learners in
terms of toking o word problem and translating it into reality and they do successfully transiate them
into mathematical languoge and that just tells yvou a lot about your learners.

Interviewer: =o, we can get learners’ abilities through word problems?

Interviewer: what is your believe about Leaner involvement in mathematical learning? should the
teacher provide step-by-step guidelines on how to solve modeling task or should the teacher allow
learners to do the wark on their own before the teacher intervene?

... Wou can use both of them | don't .
believe that yvou should use one in one of them in isolation | feel like it would be best interest af the
child to use them both |..

that you would perhaps vou like these two things can
be used in conjunction ... in other words it will depend on a certain situation this one | con give them
step by step but this one | can allow them to waork on their own.

Interviewer: do you believe that teachers should take the lead in solving modelling task for the
learners or do you believe that learners should take the lead in solving modelling tasks?

NM: _ thy am | saying this? because at the end of the day I'm o .|

teacher so I've been taught this in university level right yveah and what steps to follow and how to teach

mathematical modelling now it becomes different when it's o feamer‘l _

161 |Page
The masters dissertation has been approved by the university (WSoE)



SJ Khoza_1636533

APPENDIX G KN Interview responses sample

Interview Transcription KN

Researcher: What is your belief about learner-involvement in mathematical learning tasks?
Should the teacher provide step-by-step guidelines on how learners should solve modelling
tasks? Or should the teacher allow learners to work on the tasks by themselves?

KN: | think that we should allow them to come up with their own ideas, however from my
experience that is a big task not because it cannot be done but because the system puts
pressure, and the system is very results focused. So teachers will get things done so those

things in terms of like the problem-solving and in terms of _
startatian early grade Where children learn those skills <o that when they come to high school

you don't like teach them the way they already have ideas on how to develop solutions on
their own using modelling ... come up with a solution it seems like only children that go to
Crawford they get those things.

Researcher: Do you believe that the teacher should take the lead in solving modelling tasks
for the learners or do you believe that learners should take the lead in solving modelling tasks.

KN: Let me give an example in this one as you said no answer is right or wrong right. let's say
we give the children an investigation and investigation can happen how you can derive your
answer using your own methods right, but ... it through a project or an investigation you can
allow children to come up with modelling ideas right to solve their problems in this
investigation or project. OK, fhefirst problemon that would be'that many children don‘twant
_ that's the first thing so there will be those
who will come back to you and say ma’am | tried this and so on so they eager to develop the
ideas behind that and to solve a problem potion. The second problem is that_

limited for them to come up with that it's not an ongoing thing it's not like an algorithm tha

we can go whenever they feel like going to because the curriculum has a start date and end
date and within that time, they need to think of those solutions which they don't want to do
because of time limits.
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APPENDIX H SN Interview responses sample

Interview Transcription SN

General questions

recommendations can you offer to improve the teaching and learning of the subject? Which
topics of mathematics do you recommend giving special attention to, and which ones not so
much attention? Why and why not?

SN: ... yeah | feel like some of the topics don't fit into learners real-life experiences, such as

- it is more abstract but those skills are needed by the learners to solve mathematical
problems ... also it seems to be a lot to cover but in the curriculum that end up compromising

the learning interactions among the learners’.. so _

Researcher: When and where did you first learn about mathematical modelling? For example,
in high school when you were a learner, or in the university or both? Or did you learn about
it from the CAPS curriculum after graduation?

SN: I think from young age but not knowing | was doing modelling. Sometimes modelling

reduces the complexity of complicated scenarios ...

163 |Page
The masters dissertation has been approved by the university (WSoE)



SJ Khoza_1636533

APPENDIX | Teachers’ information sheet

TEACHERS' INFORMATION SHEET ot THE Wy,
H“'* *‘:T"
P =
s %
Researcher : Mr Siyabonga kKhoza = s
Supervisor : Dr George Ekol
.-'I,.J‘lll

%
"'-n‘i_q:ﬂ""l'

Research Title : Investigating In-service Teachers' Beliefs and Self-efficacy
about Mathematical Modelling Using a Structural Model of Professional

Competence for Teaching Mathematical Modelling.

Dear Educator

My name is Sivabonga labulane Khoza, | am doing Master of Education (Mathematics) by
dissertation at the University of the Witwatersrand, Johannesburg. My supervisor is Dr
George Ekal, a senior lecturer in the Mathematics Division at Wits 5chool of Education. | am
conducting a research study; the research topic is Investigating In-service Teachers' Beliefs
and Self-efficacy about Mathematical Modelling Using o Structural Model of Prafessional
Competence for Teaching Mathematical Modelling.

You are invited to participate in a research study conducted by Mr 5. Khoza. The purpose of
the study is to inwvestigate teachers’ beliefs, self-efficacy (SEF), prior knowledge and
perceptions about mathematical modelling.

Your participation will expect you to complete a test guestionnaire of 33 guestions, based on
your beliefs, SEF, prior knowledge about mathematical modelling. This might take about 45
minutes to complete. There are no anticipated risks associated with this research, the risks
for this study are no more than what happens in everyday life, which are minimal. There are
no direct benefits for your participation in this research study. However, your participation
will contribute to building modelling competency towards mathematics teachers.

Your participation is voluntary, and you may choose to withdraw your consent at any time. If
you want to withdraw from the study, you can contact me (Mr 5.J Khoza) at 071 518 2024 or
1636533@students wits.ac.za You may choose not to answer any questions that you do not
want to answer. You will NOT be penalized in any way should you choose to withdraw your
participation from the study.

By agreeing to participate in the study, you understand and agree that your data will be
shared in my research findings analysis and with my supervisor. Your personal details will not
be revealed. All data will be stored on a password-protected laptop and completed test book
questionnaires will be kept in a locked drawer in an office. The report will be available on the
university library website. If you would like to receive a copy of this report, | will be happy to
send it to you upon request. If you have any questions during or afterwards about this
research study, feel free to contact me or my supervisor on the details provided below. If you
have any concerns or complaints about the ethical procedures of this research study, you are
welcome to contact the Wits University Human Research Ethics Committee (Non-hMedical),
telephone +27{0) 11 717 1408, emall hrecnon-medical@wits.ac.za.
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Yours sincerely,

Siyabonga Khoza

RESEARCHER SUPERVISOR
Mr Siyabonga labulane Khoza Dr. George Ekol

1636533@students. wits.ac.za George. ekol@wits.ac.za

+27 (0) 71 518 2024 +27 (0) 65 829 0743
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APPENDIX P Teachers’ consent form
Master of Education {Mathematics) by Dissertation

TEACHERS® CONSENT FORM

Researcher : Mr Siyabonga Khoza

Supervisor : Dr George Ekol

* ¥
v"-.‘i_\.r*’-ﬂ'd

Research Title : Investigating In-service Teachers” Beliefs and Self-efficacy
about Mathematical Modelling Using a Structural Model of Professional

Competence for Teaching Mathematical Modelling.

YES | NO

The research study was explained to me. | understand what this study is
about.

I understand that | can volunteer to take part in the study or withdraw at any
time.

I agree that my participation will remain confidential and anonymous (my
personal details will not be used by the researcher in their research report)

I agree that other researchers may use the information | provide in my
interview (depending on their own ethics clearance being obtained) but my

name and any personal information will not be used or passed on.

| have read this consent form and have been given the opportunity to ask questions. | will
also be given a copy of this consent form for my records. | consent to my participation in
the research study described from the information sheet.

. f22

Participant's Signature Farticipant’s Printed Mame Date

10 /07 f2022

Researchers’ Signature Researchers’ Printed Name Date

SIYABONGA KHOZA

5
amy s
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APPENDIX K GDE research approval letter

Y4\ GAUTENG PROVINCE

Department: Education

REPUBLIC OF SOUTH AFRICA
| siaanp
GDE RESEARCH APPROVAL LETTER
Date: 04 July 2022 - i
. |08 February 2022- 30 September 2022
Validity of Research Approval:
2022/278
Name of Researcher: ‘ Khoza S.J
Address of Researcher: 114 Juta Street =
B o Braamfontein a

I B Johannesburg o
Telephone Number: 1071518 2024

Email address: | 1636533@STUDENTS.wits.ac.za

> Investigating In-service Teachers' Beliefs andASeIfi :
Research Topic: efficacy about Mathematical Modelling Using a
Structural Model of Professional Competence for
| Teaching Mathematical Modelling.

Type of qualification Master of Education (Mathematics) by Dissertation
Number and type of schools: | 2 Secondary Schools ' '
‘Districts/HO E Johannesburg Central and North

Re: Approval in Respect of Request to Conduct Research

This letter serves to indicate that approval is hereby granted to the above-mentioned
researcher to proceed with research in respect of the study indicated above. The onus rests
with the researcher to negotiate appropriate and relevant time schedules with the schoolls
and/or offices involved to conduct the research. A separate copy of this letter must be
presented to both the School lQ Principal and SGB) and the District/Head Office Senior
Manager confirming that pe {1&5 been granted for the research to be conducted.
© bgr&m L’LO’?,'L

The following conditions ap) DE research. The researcher may proceed with the
above study subject to the conditions listed below are met. Approval may be
withdrawn should any of the conditions listed below be flouted:

1

Making education a societal priority

Office of the Director: Education Research and Knowledge Management

7% Floor, 17 Simmonds Street, Johannesburg, 2001
Tek (011) 355 0488
Emai: Faith. Tshabalala@gauteng.gov.za
Webalte: wew.education gpg.gov.za
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1. The lafter would indicate that the said researchen’s hazthave been granted permizsion from the
Gautang Departmeant of Education to conducl the research shedy.

2. The DistrictHead Office Senior Manager’s must be approached separatsly, and I writing, for
parrmizsion fo imvalve DisfrictHead Offfce Offlicials i the project,

3. Because of the relaxation of COWD 19 regulations researchers can collect data online,
talephonically, physically access schools, or may make arrangements for Zoom with the
school Principal. Requests for such arrangements should be submiffed to the GDE
Education Research and Knowledge Management direcforate.

4, The Researchers are advised fo wear 8 mash af all times, Social distance at all times,
Provide a vaceination cerfiffcate or negative COWD-19 test, nof older than 72 hours, and
Sanftize fraquently.

5 A copy of thiz lefter musf be farwarded to the school principal end the chairperson of the Schoal
Goverming Body (SGE) that would indicate that the ressarchen’s has been granted permisaion
from the Gauteng Departmant of Educalion to conduct the research study.

4. A latter/document that outlines the purposs of the research and the anticipated outeames of such
research musf be made avalable to the prncipais, SGBs, amnd DizfictMHesd Office Senior
Managers of the schools and gisfrictsioffices cancerned, raspectivaly,

7 The Researcher will make every effort fo oblain the goodwl and cooperation of aif the GDE
officials, principels, and charpersons of the SGBs feachers, and larmers involved. Persons
who offer thel cooparation will nof receive additionsl remuneration from the Deparimeant wiile
thess hal opt nof to participate will rot be penalised in any way.

8, Resgarch may only be conducted affer school hours so thef the normal school program s nol
imterrupted. The Frincipal {if af 8 school) andfor Director (if al a districthead office) must ba
conswited aboul an apprapriate fime when the resesrcher’s may carmy ouwl thelr research al the
sifes that they manage.

a. Rasparch may only commance from the second week of Februany and must be concluded before
the beginming of the last quarer of the academic year. If incomplete, an amended Research
Approval fetfer may be requasted fo conduct research in the following year.

10 ftems § and 7 will nof apply to any research efforl baing underisken an behalf of the GDE, Such
research will have been commissioned and be paid for by the Gauteng Department of Education.

11. It iz fhe researcher’s responsibiify 1o obtadn wiiten parentsl consent of all kearmers thal are
expacied to parficipale in fha study.

12, The ressarcher iz responsible for supplying and uliising Weher research resowrces, such as
stationery, photocopiss, frenspord, faxes, and fefephones, and should nat depend on the goodwil
of the insfitufions anddor the offices visilad for supplying such resources.

13 The names of the GDE officiais, schools, princlpals, parents, teachers, and leamsrs that
parficipate in the study may nel appaar in the research report withouwt the written consent of each
of these individuals andior organizations,

4. On complation of the study, the researcher's must supply the Director: Knowledge Managamen!
& Rasaarch with one Hard Cover bound and an elecironic copy of the research.

15 The researcher may be expected fo provide shorf presentations on the pwpose, fndings, and
recommendafions of histher research fo both GDE officials and the schoals cobcarned,

16.  Shouwld the researcher have been involved with ressarch af 8 schoo! andior a distrisbhead office
fovel, the Director concemed must afso be suppifed with & summary of the purpose, findings, and
recommendations of the rezearch sfudy.

The Geuleng Department of Education wishes you well in this important undertaking and Jooks
forward to examining the fndings of your research study,

DATE: ﬂ‘i’\ﬁﬂpﬂlﬂ

Making education 4 societal priority

Office of the Director: Education Research and Knowledge Management

T Flogr, 17 Simmands Street, Johannesbung, 2001
Tok (011} 355 0488
Emall: Falth. Tahabalalaigauteng.goy.za
Wabsite: wwaw,oducation.gpg.gov.za

168 | Page
The masters dissertation has been approved by the university (WSoE)



SJ Khoza_1636533

APPENDIX L School A permission letter
LANGLAAGTE

TECHNICAL HIGH SCHOOL

CNR. KRUGER & DU TOIT STREET Tew: 011 837 8577
LANGLAAGTE 011 837 8944
PRIVATE BAG X1 FAx: 011 837 8575
LANGLAAGTE 2102 EmaiL: thsli@netactive.co.za
OUR REFERENCE NO.2 . oo YOUR REFERENCE NO.2............ooooo
ENQUIRIES: v

Dear Mr S.J Khoza

RE: REQUEST PERMISSION TO CONDUCT STUDY AT YOUR SCHOOL

Your letter dated 21 September 2022:

Refers your requ&st for permlsslon to conduct a research study uﬂed m_gmganng_ln_

Mq_égumg with our mathematus teachers at Langlaagte Technical ngh School is hereby
permitted.

The school will be happy if you would provide us with a copy of your Dissertation.

We wish you success in your studies.

LAAGTE
TEL 837-8577 X

22 09 202

Hv
prary KRUGER & pu torr

()

N0O GTE 2102
DISTRICT T -D10

wmuumammmmmmmdumaummumwmmw
excellent academic standards and results, effective and successful manager===* <~ ~ et
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APPENDIX M School B permission letter

JOHANNESBURG SECONDARY SCHOOL

P.0. Box 42837 FORDSBURG 2033, 1 PANCRAS ROAD, HOMESTEAD PARK 2092,
JOHANNESBURG TEL: 011 839 2758 E-mail: 700130062@gdeschools.gov.za

Dear Mr S.J Khoza
RE: REQUEST PERMISSION TO COND! RESEARCH DY AT YOUR SCHOO
Your letter dated 30 June 2022:

Refers your request for permission to conduct a research study titled: Investigating In-
ervice Teachers’ Beliefs and Self-e bout Mathematical Modelli n ructural

Model of Professional Competence for Teaching Mathematical Modelling with our
mathematics teachers at Johannesburg Secondary School is hereby permitted.

The school will be happy if you would provide us with a copy of your Dissertation.

We wish you success in your studies.

Kind Regards.

Ms. MWMohale
JSS Principal

‘#P VG DEMKTMENT OF EDUCATION
ohannesburg Sccondary Sehoal

! PANCRAS STR, HOMESTEAD PARK , 209%

SCHOOARTANP

P.0. BOX 42837, FORDSBURG.
TEL: 011 839 2758 FAX: 011 837 ?Zi’.
mwijses Blzlrica com
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APPENDIX N Turnitin receipt
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APPENDIX O Ethics clearance certificate

UNIVERSITY OF THE
WITWATERSRAND,
JOHANNESBURG

Research Office

HUMAN RESEARCH ETHICS COMMITTEE (NON-MEDICAL)

R14/49 Khoza

CLEARANCE CERTIFICATE PROTOCOL NUMBER: H22/07/14
PROJECT TITLE Investigating In-service Teachers’ Beliefs and Self-efficacy

about Mathematical Modelling Using a Structural Model of
Professional Competence for Teaching Mathematical Modelling

INVESTIGATOR(S) Mr S Khoza
SCHOOL/DEPARTMENT Wits School of Education/
DATE CONSIDERED 22 July 2022

DECISION OF THE COMMITTEE Approved

Risk Level: Minimal

EXPIRY DATE 12 September 2025

DATE 29 September 2022 CHAIRPERSON

(Proféssor J Watermeyer)

cc: Supervisor : Dr G Ekol

DECLARATION OF INVESTIGATOR(S)

To be completed in duplicate and ONE COPY returned to the Secretary at Room 10004, 10th Floor, Senate House,
+University. Unreported changes to the application may invalidate the clearance given by the HREC (Non-Medical)

~ IlWe fully understand the conditions under which | am/we are authorized to carry out the abovementioned research and
I'we guarantee to ensure compliance with these conditions. Should any departure to be contemplated from the research

- procedure as approved l/we undertake to submit an amendment of the protocol to the Committee. 1 agree to completion
of a regular progress report. For Minimal and Low studies, this is due annually on 31 December. For Medium and
High Risk studies, this is due twice annually on 30 June and 31 December.

W 30 1 09 ;2099

Signature Date

PLEASE QUOTE THE PROTOCOL NUMBER ON ALL ENQUIRIES
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APPENDIX Q Language editing certificate

7

Certificate of Proofreading and
Editing

This document certifies that the manuscript listed below has
been proofread for appropriate English language usage,
grammar, punctuation, and spelling by a professional native

English-speaking editor.
Author: SIYABONGA KHOZA

Dissertation Title: TEACHERS' BELIEFS AND SELF-EFFICACY
ABOUT TEACHING MATHEMATICAL MODELLING
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Mignon Dehning
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Registration No. K2020692243
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" The modelling term used with double I refers to the regular manner in which the term is written in the South
African educational context and literature. The German, American, and European education contexts use the
modelling term with a single | (Modelling). After all, the meaning of both written terms is identical.
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