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Abstract 

Providing proper education and making learners aware of environmental sustainability issues 

may be an effective way to help citizens deal with sustainability challenges. Teachers, 

however, have not been sufficiently trained on how to teach with sustainability concerns in 

mind. The simultaneous teaching of chemistry and environmental sustainability requires 

knowledge of the concepts of Education for Sustainable Development and the components of 

pedagogical content knowledge (PCK). The current study explored experienced chemistry 

teachers‘ personal PCK about environmental sustainability when teaching about the 

extraction of metals as a Chemistry topic. This investigation included an inquiry into the 

effects of an online intervention aimed at developing the teacher‘s PCK. Six chemistry 

teachers were purposively and conveniently selected. The data was collected in three phases; 

before, during, and after the online professional development intervention. Various data 

collection instruments, mainly based on the CoRe-tool, were used to capture the participants‘ 

personal and enacted PCK. The focus was on emerging patterns in planning a chemistry 

lesson with particular emphasis on the impact of mining on the environment. The data 

analysis entailed the use of a validated PCK rubric informed by the grand rubric. The focus 

was on teachers‘ knowledge about curricular saliency, student understanding, and conceptual 

teaching strategies. The intervention proved to be effective in the development of pPCK in 

chemistry teachers. However, the PCK developed to varying levels. Four participants showed 

a positive gain in the quality of their PCK on all three components of PCK, while two only 

showed a positive gain in two of the components. The difference in PCK development was 

attributed to the presence of amplifiers and filters that inform the knowledge transfer between 

the three realms of PCK. These results serve as empirical evidence that the presence of 

amplifiers and filters inform the PCK transitions between the three realms of PCK. The study 

contributes to both theory and practice, highlighting the need for research-informed 

continuous professional development of teachers in the area of education for sustainability 

and how to infuse sustainability into their teaching of chemistry. 

 

Keywords: Pedagogical content knowledge, experienced teachers, extraction of metals, 

sustainability, online professional development 
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CHAPTER 1 

INTRODUCTION AND CONTEXT OF THE STUDY 

―The importance of sustainability to chemistry and chemistry education is clear, the 

connections are real and significant... The challenge is for each of us as chemistry educators 

to find ways to bring that connection and context into our courses.‖  

     (Fisher, 2012, p.180) 

1.1 Chapter Overview 

This chapter introduces the reader to the study. It allows the reader to become familiar with 

the background and context of the study, define the problem that justifies the study and state 

the main purpose of the study. The research questions are followed by study‘s rationale and 

significance, and lastly, the researcher defines some of the terms and concepts used in this 

thesis. 

1.2 Introduction 

The world is facing many sustainability issues, and these issues are likely to worsen (Flower, 

2015). Eswatini, a developing country in Southern Africa, cannot be excluded from this 

predicament. Issues of poverty, diseases, unemployment, resource depletion, limited supplies 

of drinking water and global climate change are among the many sustainability issues facing 

Eswatini (United Nations Development Programme, 2013). Sensitizing people about 

environmental sustainability issues and integrating these issues into school chemistry 

curricula would teach learners how to address these global issues and live responsible lives 

(Mckeown, 2012). 

Teachers are at the forefront of bringing about change and innovation in education (Suh & 

Park, 2017). To integrate the concept of sustainability into their teaching, teachers need not 

only to understand this concept and the issues surrounding it, but they need to be able to 

translate their personal understanding of this concept into their pedagogy to make it 

accessible and understandable to learners. Teachers' knowledge and skills to translate content 

and make it understandable to learners are called Pedagogical Content Knowledge (PCK) 

(Shulman, 1986). PCK is not a mere overlap of subject content knowledge with pedagogical 

knowledge (Shulman, 1986); it is a separate knowledge base (Shulman, 1987) and an 

attribute that a teacher develops over time (Shulman, 2015). Considering the importance of 

sustainability in education, teaching that infuses sustainability issues should be an integral 

part of a teacher‘s PCK. 
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1.3 Definition of terms/ concepts 

This section defines terms and concepts as they are used in the study. 

A learner or student refers to a 16-18 year old school-going child attending high school and 

is in Form 4 or Form 5. Form 4 and 5 are the Eswatini equivalent to South Africa‘s 

government schools‘ Grades 11 and 12. 

Sustainable Development (SD) refers to development that ―meets the needs of the present 

generation without compromising the ability of future generations to meet their own needs‖ 

(WCED, 1987, p. 43).  

Sustainability means ―the human behaviour that does not irrevocably damage the planet‖ 

(Schultz, 2013, p.22). It encompasses limiting pollution, conservation of resources and 

preservation of the environment. In this thesis, the focus was on environmental sustainability. 

Education for Sustainable Development (ESD) refers to the process of providing learners 

with opportunities that will allow them to gain the knowledge and understanding, skills and 

behaviours needed to live in a way that safeguards environmental, social and economic 

wellbeing, both in the present and for future generations (UNESCO, 2005). In this thesis, the 

phrase ―education for sustainability‖ was used to mean the same. 

Curriculum refers to the learning experiences provided to learners inside and outside the 

school. This school curriculum may include the course of study, timetables, syllabi, 

curriculum guidelines, learning materials, textbooks and assessment guidelines.  

Syllabus refers to an official guiding document comprising the aims, assessment objectives 

and learning objectives (content coverage) of a particular course of study.  

Physical science refers to a school subject in the Eswatini high school curriculum comprising 

physics and chemistry topics. Although the two disciplines are taught separately by either the 

same or different teachers, physical science is examined as a single subject. 

Experienced teacher refers to a teacher who has been teaching for more than six years 

1.4 Background 

The role of education in sustaining the environment has been acknowledged for almost four 

decades (Jegstad & Sinnes, 2015; United Nations, 1992; United Nations Educational, 

Scientific and Cultural Organization, 2012a; World Commission on Environment and 
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Development, 1987). The Eswatini government has not excluded itself and has included 

sustainable development as part of its educational policy (Government of Eswatini, 2011). 

1.4.1 Education for Sustainable Development 

In 1983, the World Commission on Environment and Development (WCED) was formed by 

the UN General Assembly. The main focus of WCED was to bring countries together to 

pursue sustainable development (SD) in a worldwide cooperative manner. The role of WCED 

was to identify sustainability challenges, raise awareness about them, and suggest solutions 

and strategies for implementing the proposed solutions (Jarvie, 2016). Four years later, in 

1987, the Brundtland report was released by the WCED. The report described SD as 

comprising three components: environmental protection, economic growth and social equity 

(WCED, 1987).  

Following the Brundtland report, in 1992, world leaders convened for the Earth Summit held 

in Rio de Janeiro and later reconvened in 2002 in Johannesburg for the World Summit on 

Sustainable Development. The outcomes of these summits emphasised the significant role of 

education in achieving SD. Soon after that, the United Nations (UN) announced 2005-2014 

as the Decade of Education for Sustainable Development (DESD).  

1.4.2 Goals of ESD in Eswatini 

In 2006 Eswatini launched the United Nations Decade of Education for Sustainable 

Development (UNDESD), and in 2009 an Education Sector Policy was drafted. In 2011 the 

Ministry of Education and Training launched the Education Sector Policy. The Eswatini 

Education and Training Sector (EDSEC) policy which was later revised and released in 2018, 

states that one of the medium to long-term objectives is to ―strengthen the quality of 

education within the framework of sustainable development‖ (Ministry of Education and 

training, 2018, p. 12). Furthermore, the policy aimed to revise education and training from 

primary school through university to include a clear focus on sustainability (Ministry of 

Education and Training, 2018). Something worth noting is that during the revision of the 

EDSEC policy, the ministry of education and training moved the sector-wide policy issue of 

ESD from position seven to position one. This shows that the ministry concerned shifted 

priorities and regarded education for sustainable development as integral to the quality of 

education. 
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1.4.3 Concerns about Teachers’ PCK of ESD  

Despite the formation of these organisations and meetings held by heads of state to discuss 

sustainable development, the involvement of teachers in these meetings has not been 

established. Teachers have the potential to change the future by teaching for sustainable 

development (Mckeown, 2012). Nonetheless, according to UNESCO (2014), teachers are not 

prepared to teach for sustainability. They do not have much content knowledge surrounding 

the concepts of SD and ESD, and even less pedagogical knowledge on how to integrate ESD 

into their teaching (Burmeister et al., 2013). Although Swazi teachers support integrating 

sustainability issues into teaching, they lack familiarity with the concept of ESD (Dube & 

Lubben, 2011). 

According to Shulman (1987), a teacher possesses a unique kind of knowledge. This 

knowledge differentiates a teacher from a subject specialist. According to Geddis (1993), a 

teacher who is a subject specialist is an exceptional teacher. Over the years, there has been a 

shift from general teacher education to teacher education for specific subject areas. This 

meant that the concept of PCK evolved from a PCK that was generalised to a PCK that was 

both subject and topic-specific (Shulman, 1986). A teacher‘s PCK can be observed by 

focusing on a single topic (Veal & MaKinster, 1999). 

Before comprehending how a teacher carries out instruction, one needs to understand why a 

teacher teaches the way they do. This enquiry necessitates an understanding of a teacher‘s 

PCK. How the teacher teaches is influenced by a combination of what was learnt in their 

teacher education institution, in-service training, advice and examples given to them by 

senior teachers and their own experiences. According to Evens et al. (2015), interventions 

that contain PCK courses which aim at improving teachers‘ knowledge on what and how to 

teach can lead to development of a teacher‘s PCK. In the context of Eswatini, what a teacher 

teaches is mostly determined by the syllabus of that particular subject. 

1.4.4 The Eswatini General Certificate of Secondary Education (EGCSE) Physical 

Science Syllabus 

The secondary school science curriculum in Eswatini comprises a junior and senior science 

curriculum. The junior secondary science (JSS) curriculum is a three-year programme that 

uses a contextualised teaching approach. This approach attempts to link real-life situations to 

school science. This teaching approach is favourable to ESD as it uses real-life issues 

relevant to the learners‘ lives.  
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The Senior Secondary curriculum for the Eswatini General Certificate for Secondary 

Education (EGCSE), the focus of this study, is a two-year programme offered to learners in 

Form 4 and Form 5. In these two years, learners are taught five compulsory subjects and a 

minimum of three electives. The compulsory subjects are Siswati – either as a first or second 

language, English, mathematics, religious education and science. The compulsory science 

subject group consists of biology and physical science. The school administration is at liberty 

to decide which of the two sciences, biology or physical science, is compulsory and must be 

part of the curriculum for every learner. The science that is not made compulsory would then 

be chosen by only those who decide to have both sciences as part of their curriculum. 

The physical science curriculum content comprises separate chemistry and physics sections. 

Candidates entered for EGCSE physical science study both sections as the national 

examination assesses both chemistry and physics within each of three papers written by 

candidates. Paper 1 is a short answer paper with a total of 40 marks. Paper 2 is a theory paper 

consisting of structured questions totaling 80 marks. Both Paper 1 and Paper 2 are designed 

to test students‘ conceptual knowledge and ability to handle information and solve problems. 

The third paper, a practical assessment, gives students two options on which to be evaluated. 

Option 1 is a practical test which assesses experimental and observational skills. Option 2 is 

the alternative to practical work and consists of a written paper designed to evaluate 

familiarity with laboratory-based procedures. 

The curriculum content coverage is listed as part of the syllabus, guiding teachers on the 

structure and format for assessing the subject. According to the Examinations Council of 

Eswatini (2019), the chemistry section, which is of interest to this study, comprises the 

thirteen topics listed below. 

1. Particulate nature of matter 

2. Elements, compounds and mixtures 

3. Experimental techniques 

4. Physical and chemical change  

5. The periodic table 

6. Atomic structure and bonding  

7. Stoichiometry 

8. Chemical reactions  

9. Acids, bases and salts  

10. Metals 

11. Electricity and chemistry  

12. Non-metals, and  

13. Organic chemistry. 
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An analysis of the physical science syllabus reveals that there is neither mention of 

sustainable development nor reference to sustainability. However, it is important to note that 

although these terms are not mentioned, three of the aims of the syllabus can be related to 

environmental sustainability. These aims are: 

To develop skills and abilities that are useful in everyday life and applicable in 

domestic, environmental and industrial situations, … stimulate learner interest in, 

and care for, the environment … promote awareness that the applications of science 

may be both beneficial and detrimental to the individual, community and 

environment.(Examinations Council of Eswatini, 2019, p.5) 

In addition, there are topics where sustainability issues can be incorporated. It is, however, 

the role of the teacher to go through the subject content and identify topics with opportunities 

to incorporate sustainability issues and concerns into instruction (UNESCO, 2014).  

1.4.5 ESD and Chemistry Education 

The topic of ―extraction of metals‖ has been identified as one that has opportunities for 

chemistry teachers to integrate environmental and sustainability content. As such, it allows 

the researcher to explore chemistry teachers‘ PCK about environmental sustainability. Figure 

1.1 is an extract of the Eswatini General Certificate of Secondary Education (EGCSE) 

physical science (6888) syllabus, which shows the objectives of the chosen topic. 

Figure 1.1 

Extract from the Physical Sciences Syllabus showing the learning outcomes of the topic "extraction of metals 

 (Examinations Council of Eswatini, 2019) 

This extract shows that Objectives 6 and 7 provide a good opportunity for teachers to teach 

these scientific concepts and incorporate environmental sustainability issues. A concern, 

however, is whether chemistry teachers have the knowledge and skills to effectively identify 

these opportunities and use them to promote meaningful learning. 
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1.5 Problem Statement 

Providing proper education and making learners aware of environmental sustainability issues 

may be an effective way to help citizens deal with the challenges of sustainability (Mckeown, 

2002). ESD generally does not require a new topic on sustainability to be added to the 

curriculum but allows for an existing curriculum to be adapted to suit the needs of both the 

people and the environment (Burmeister et al., 2012). This implies that even though the 

EGCSE physical science curriculum does not explicitly mention sustainable development, 

sustainability issues can be integrated into some chemistry curriculum topics.  

Inclusion of sustainability aspects into teaching requires the teacher to understand the concept 

of ESD and its principles (UNESCO, 2012b). In addition to the content knowledge (CK), the 

teacher must also understand the concept of SD that they wish to integrate, how it relates to 

the subject content, and the pedagogical methods which would be most suitable to integrate 

these concepts into the teaching of science topics. 

The fact that the curriculum does not explicitly include sustainability as a topic may 

contribute to teachers not understanding their role as agents of change in our society (Lasker 

et al., 2017). The teachers themselves have not been sufficiently trained on how to teach with 

sustainability concerns in mind (UNESCO, 2014). This implies that teachers‘ pedagogical 

content knowledge (PCK) about environmental sustainability has not been developed. 

Nonetheless, teachers are expected to use their knowledge of sustainable development to 

identify content in the physical science syllabus appropriate for integrating sustainability 

concerns (UNESCO, 2012b). The focus of the current study is to therefore explore the effect 

of a professional development intervention (PDI) on the development of a teachers‘ PCK 

about environmental sustainability in the chemistry topic of extraction of metals. 

1.6 Purpose of the Study 

This study aimed to explore experienced chemistry teachers‘ personal PCK (pPCK) about 

environmental sustainability when teaching about the extraction of metals. This investigation 

included an enquiry into the effects of an intervention aimed at developing the teachers‘ 

pPCK. The research involved gathering information before and after the intervention from 

experienced high school chemistry teachers regarding their knowledge and skills through 

looking into their planning of a lesson on concepts about the extraction of metals related to 

environmental sustainability. 
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1.7 Research Questions 

The primary research question for this study is as follows: 

How does a professional development intervention (PDI) influence experienced chemistry 

teachers‘ personal PCK about environmental sustainability, revealed through their planning 

of a lesson on the extraction of metals? 

The researcher explored the specific knowledge and skills used by chemistry teachers when 

planning lessons on the extraction of metals. The goal was to develop the necessary 

competencies in teachers required to identify opportunities for teaching sustainability issues 

in the curriculum and infuse them into teaching specific science topics. The teacher was 

expected to plan a lesson to develop learners' academic excellence and environmental, 

economic and social responsibility. This necessitated a PDI for enhancing the chemistry 

teachers‘ PCK about environmental sustainability. The researcher continued to explore how 

the PDI had impacted the teachers‘ pPCK by comparing their PCK before and after the PDI. 

The secondary research questions are as follows: 

1. What are chemistry teachers‘ views about sustainability and education for 

sustainability? 

2. What is the nature of personal topic-specific PCK about the extraction of metals with 

big ideas related to environmental sustainability revealed in the teachers‘ planning 

prior to the PDI? 

3. What is the nature of personal topic-specific PCK about the extraction of metals with 

big ideas related to environmental sustainability, revealed in the teachers‘ planning 

after the PDI?  

4. How does a professional development intervention influence the development of an 

experienced chemistry teacher‘s topic-specific PCK on the extraction of metals? 

1.8 Rationale of the Study 

This study explored the PCK of experienced chemistry teachers. As an experienced chemistry 

teacher myself, I only learnt the concept of ESD when I did my Master‘s degree. I was 

intrigued by the concept and started researching the concept itself and, more specifically, 

what its implementation into teaching meant for teachers and teacher educators. Firstly, I was 

curious whether science teachers were familiar with the concept or if I were the only one left 

in the dark. Secondly, if teachers were unaware of the concept, would they be open to 
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learning about it? I conducted my Master's research to answer these questions and to explore 

chemistry teachers‘ knowledge and perceptions about ESD and its implementation in 

teaching. Although the chemistry teachers were not familiar with the concept of SD, they 

were able to relate to its environmental aspect and believed that the subject of chemistry 

could be used to incorporate sustainability. Also, the teachers cited their lack of knowledge 

about ESD as one of their major challenges. These findings urged me to do more; how could 

I use my research to help develop teachers‘ knowledge about sustainability? Through 

conducting this current study, I could gain a clearer understanding of the unique knowledge 

held by a teacher as identified by Shulman (1987) and consider ways that the findings of this 

study could inform and support the development of in-service teachers‘ pPCK and ePCK 

about environmental sustainability.  

Over the years, many studies have looked into PCK and its components. More recently, as the 

realisation grew that PCK is topic-specific, research has focused on developing a teachers‘ 

PCK for a particular topic. Some of the chemistry topics that have been researched are 

chemical equilibrium (Dharsey et al., 2006; Makhechane & Mavhunga, 2021; Mavhunga & 

Rollnick, 2013), physical and chemical changes (Bektas, 2015), stoichiometry (Makhechane 

& Qhobela, 2019), thin layer chromatography (Hale et al., 2016) and organic chemistry 

(Davidowitz & Potgieter, 2016; Davidowitz & Rollnick, 2011). Even though the topics that 

researchers initially preferred were those in chemistry that were viewed as being conceptually 

difficult, more recently, a number of other topics have been studied. This study has 

contributed to the literature by exploring the PCK of teachers in a topic not commonly 

researched, the extraction of metals. As mentioned earlier, the topic of the extraction of 

metals has been chosen because it has opportunities for chemistry teachers to integrate 

environmental sustainability issues. This makes the topic appropriate as the researcher 

intends to explore chemistry teachers‘ PCK about environmental sustainability. The 

environmental aspect of sustainability was chosen as many identified environmental issues 

have been associated with the chemical industry, and this study focuses on chemistry 

teachers. Also, in a study conducted by Dube and Lubben (2011), the majority of Swazi 

teachers regarded the environmental aspect of SD as most suitable for integration into science 

teaching. This study, therefore, contributes new knowledge in the area of PCK about 

environmental sustainability.  

The knowledge that was contributed by the study added to the research literature on the three 

realms of PCK: collective PCK (cPCK), personal PCK (pPCK) and enacted PCK (ePCK), 
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which were proposed in the Refined Consensus Model (RCM) (Carlson & Daehler, 2019). 

This study investigated the transfer of knowledge from an online intervention, which was 

informed by cPCK, to pPCK and later, the transfer from pPCK to ePCK. Although there have 

been studies on the development of pre-service teachers‘ PCK, the outcome of this study will 

add to the body of knowledge about the development of experienced teachers‘ PCK and the 

factors that influence this development.   

1.9 Overview of the Methodology 

The researcher used a qualitative approach and a case study design for this study. Since the 

researcher employed more than one teacher, each from a different school, the type of case 

study used was a holistic, multiple-case study. The sample for this study was drawn from a 

population of chemistry teachers teaching in the Hhohho region of Eswatini. The study 

focused on teachers who have taught both Form 4 and Form 5 chemistry, and who were yet to 

teach the topic of extraction of metals. The researcher used a questionnaire to screen the 

teachers and came up with a sample of six chemistry teachers, each from a different high 

school. 

The study used various data collection methods to investigate how chemistry teachers reveal 

their personal PCK about environmental sustainability through planning a lesson on the 

extraction of metals. The data collection was conducted in three phases to examine the 

teacher‘s pre-pPCK, knowledge transitions and post-pPCK. The purpose of the first phase of 

data collection was to explore a teacher‘s initial pPCK about environmental sustainability as 

they planned a lesson on the extraction of metals. Phase 1 data was collected through a pre-

PDI questionnaire. The responses to the questionnaire were analysed and scored using a 

validated PCK rubric. The chemistry teachers were exposed to an online professional 

development intervention during the second phase. Telephonic interviews were used 

throughout the intervention to collect data pertaining to the PDI content and the participants‘ 

views and experiences while undergoing the intervention. Data collected in the final phase 

was used to help the researcher understand the teachers‘ post-PDI pPCK. During the third 

phase, teachers were given back the pre-PDI questionnaires that they had responded to and 

asked to make modifications in light of the new information they had learnt. The participants 

were also asked to design a lesson to reveal whether they could draw on their pPCK and 

enact it. The post-questionnaire and lesson plan responses were analysed and scored using a 

PCK rubric.  
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1.10 Structure of the Thesis 

The thesis comprises seven chapters. The first chapter is the introduction to the study. 

Chapter two reviews related literature and conceptualises the framework used to guide the 

study. The methodology is described in chapter three. Chapters four, five and six describe the 

intervention and findings of the study. Chapter seven presents the conclusion and 

recommendations. The chapters are further described below. 

Chapter 1: Introduction and Context of the Study 

This chapter is an introduction to the study. It starts by portraying the background and context 

of the study. It then moves on to describe the problem, state the study's main purpose and 

define the research questions that guide the study. The research questions are followed by the 

rationale and an overview of the methodology. The chapter ends with a summary of the 

structure of the thesis 

Chapter 2: Literature Review 

This chapter reviews the literature surrounding the construct of PCK and the concept of 

education for sustainable development (ESD), as this study focused on the teacher‘s PCK 

about environmental sustainability. Chapter two looks briefly at the different models of PCK 

that preceded the refined consensus model (RCM), which was the framework used to guide 

this study. It continues to review ESD, its principles and practice. The chapter ends with the 

conceptual framework and an elaboration of the PCK components that the researcher used to 

evaluate the teacher‘s pPCK and ePCK. 

Chapter 3: Methodology 

This chapter discusses the research methodology used in this study. The chapter presents the 

philosophical assumptions underpinning this study, the research method and design, research 

area and population. Since the sample was chosen through a screening process, the researcher 

described the criteria used together with the sampling techniques. Data was collected in three 

phases, the pre-PDI phase, the PDI phase and the post-PDI phase. The data collection 

instruments and procedures used during these phases are briefly discussed in this chapter as 

they are elaborated on, and the data analysis in the following chapters. Issues of 

trustworthiness and ethical considerations are also discussed.  
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Chapter 4: Pre-intervention Interactions 

This chapter presents the pre-intervention pPCK of the participants. The findings of this 

research chapter are presented in two sections. The first section presents the data collected 

from the six participating chemistry teachers using the screening questionnaire. This was 

done to address, in part, the first secondary research question: What are chemistry teachers‘ 

views about sustainability and education for sustainability? The second section is a 

presentation of the data that was collected from the participants using the pre-PDI 

questionnaire. This was done to address the second secondary research question: What is the 

nature of personal topic-specific PCK about extraction of metals with big ideas related to 

environmental sustainability, revealed in the teacher‘s planning prior to the PDI? 

Chapter 5: The Intervention 

This chapter focuses on the PDI to which the participating chemistry teachers were exposed. 

It describes the design, structure, content and delivery of the intervention. The chapter then 

continues to present the data from the interviews conducted during the intervention. The data 

from the first interview provides evidence of the teachers‘ knowledge of the curricular 

saliency of the topic through the teacher‘s responses to the questions enquiring into the 

teachers‘ views about sustainability and education for sustainability.  

Chapter 6: Post-PDI Interactions  

This chapter focuses on the post-intervention PCK of the participants during and after they 

had undergone the online professional development intervention (PDI). The same 

questionnaire administered before the intervention was administered to the teachers after the 

intervention. The responses to this questionnaire and the interview questions, together with a 

lesson plan, were used to determine the teachers‘ post-PCK. The analysis of their responses 

was also used to determine whether the intervention contributed to the development of 

teachers‘ PCK about environmental sustainability.  

Chapter 7: Summary, Conclusions and Recommendations 

This chapter concludes the study by pulling together the findings and discussions from the 

previous chapters to answer the research questions. There is a discussion of the methodology 

and how it aligns with the refined consensus model of PCK, which was used as the 

framework for this study. There is a reflection on the methodology, the use of the grand 
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rubric and the use of an online intervention. The study's limitations are acknowledged in this 

chapter, together with the contributions the study makes to both practice and theory. 

1.11 Chapter Summary 

This chapter introduced the study and discussed its background to help the reader understand 

the context of the study. Education has a major role to play in sensitising people about 

sustainability issues. Teachers are always at the forefront when it comes to the 

implementation of innovative forms of teaching and learning. Although the Eswatini 

education policy states that education should include a clear focus on sustainability, the 

teachers have not been prepared to take up this task. Education for sustainable development 

requires teachers to have a developed PCK about sustainability. This study aimed to explore 

experienced chemistry teachers' personal PCK about environmental sustainability before and 

after an online intervention. This was done by analysing teachers‘ responses elaborating on 

how they would plan a lesson on the extraction of metals. The researcher chose the topic of 

the extraction of metals because the stated syllabus learning outcomes allow teachers to 

infuse environmental sustainability elements in their lesson planning. This study puts forward 

recommendations for curriculum material developers to create teaching and learning 

materials and provide learning opportunities that can assist teachers with new ways of 

teaching and the department of in-service teachers to explore different methods of enhancing 

PCK development. The next chapter provides a review of relevant literature as well as a 

description of the theoretical framework and its relevance as a methodological and analytic 

lens, enabling the researcher to answer the research questions introduced in chapter 1. 



14 
 

2 CHAPTER 2 

LITERATURE REVIEW 

2.1 Introduction 

The past two decades have been filled with talks of sustainability and the use of education to 

achieve a more sustainable future. Furthermore, when discussing education, a construct that 

has gained ground in science education is pedagogical content knowledge, conceived by 

Shulman (1986). This chapter discusses a review of literature that relates the construct of 

pedagogical content knowledge (PCK) to the concept of education for sustainable 

development (ESD). The chapter starts with a brief history of the different models of PCK, 

which precedes an elaboration on the refined consensus model (RCM) of PCK. The RCM is 

the conceptual framework that was used to guide this study. The review continues with a 

discussion on the conceptualisation of ESD. In reviewing ESD, the researcher first discusses 

the events that led to the launch of ESD. This is followed by literature on the key 

competencies required and the key issues and challenges faced by educators in the 

implementation of ESD. The chapter ends with a review of the components of PCK, focusing 

on the understanding of teachers on the concept of sustainability and its place in the 

curriculum, the conceptual teaching strategies used when integrating sustainability into 

teaching and the difficulties students face when learning chemistry concepts infused with 

sustainability ideas.  

2.2 Pedagogical Content Knowledge (PCK) 

Shulman (1986, 1987) introduced pedagogical content knowledge (PCK). This was to draw 

attention to the fact that for a teacher to teach effectively in a manner that promotes students' 

understanding, the teacher must blend content and pedagogy. According to Shulman (1986), 

content knowledge is the knowledge about concepts and ideas that are relevant to your 

teaching. On the other hand, he referred to pedagogical knowledge as the methods and 

techniques used during teaching and assessment and the knowledge and characteristics of the 

learners. PCK, an ―amalgam‖ of the two, is considered a separate knowledge base and 

represents an understanding of how content is taught. Figure 2.1 shows the different 

knowledge bases that constitute a professional teacher, according to Shulman (1987). 
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Figure 2.1 

Teacher Knowledge according to Shulman 

 

Shulman (1987) 

 

Of all these knowledge bases, the one that is of special importance to researchers and 

educators is that of pedagogical content knowledge. According to Shulman (1987), the reason 

for this is that it is the only knowledge base that is distinctive for teaching. This body of 

knowledge will allow you to distinguish between a content specialist and a teacher. PCK is 

more than just a blend of knowledge of content and knowledge of pedagogy; it is knowledge 

of how the two are interrelated and represents ―an understanding of how particular topics, 

problems, or issues are organised, represented, and adapted to the diverse interests and 

abilities of learners, and presented for instruction‖ (Shulman, 1987, p.8) 

Several attempts have been made over the years to provide more information and clarity on 

the concept of PCK. The one thing that most researchers agree on is that content knowledge, 

sometimes referred to as subject matter knowledge, is a necessary prerequisite for the 

development of PCK. The following section will look at some of the early models of PCK 

and how they led to the model of interest to this study, the Refined Consensus Model (RCM) 

of PCK. 

2.2.1 Models of PCK 

After Shulman‘s initial conceptualisation of PCK, Grossman (1990) developed a model to 

represent the knowledge bases of PCK. Following this, many researchers developed adapted 
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versions of PCK models suitable for their research. For this section of the literature review, 

the researcher has chosen a handful of PCK models illustrating that the concept of PCK is 

dynamic and that there has been a change of focus from a multidisciplinary PCK to a PCK 

that is not just subject-specific but also topic-specific. 

Grossman's (1990) model proposed that a teacher's knowledge is an interaction of four 

knowledge bases. In the model, PCK has the central position and the other three, pedagogical 

knowledge, context knowledge, and subject matter knowledge, occupy the periphery of the 

model. She suggests that the three knowledge bases are necessary for the development of 

PCK. Following this model, different authors made proposals that added new components or 

knowledge bases (Cochran et al., 1993; Morine-Dershimer & Kent, 1999), emphasised the 

importance of one knowledge base over another (Carlsen, 1999) or proposed that PCK is 

subject-specific (Abell, 2008; Magnusson et al., 2008).  

When Magnusson et al. (1999) proposed that PCK was subject-specific, they formulated a 

PCK model for science teaching. In doing this, they added assessment knowledge to the 

original four knowledge domains of Grossman. In 2008, modifications were made to the 

model of Magnusson and his colleagues by including a sixth component which the authors 

called teacher efficacy (Park & Oliver, 2008). Later that year Abell (2008) proposed a model 

specific to a science teacher by integrating Grossman's and Magnusson‘s models. Even 

though there were numerous models for PCK, researchers continued to explore this construct. 

Empirical data from research carried out by Rollnick et al. (2008) confirmed that the 

knowledge bases needed for developing PCK manifest themselves during the teaching 

process. Figure 2.2 shows that these manifestations include representations, curricular 

saliency, assessment, and topic-specific instructional strategies (Rollnick et al., 2008).  
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Figure 2.2 

A Tailored model for PCK 

 

Rollnick et al. (2008) 

These manifestations were later seen in the topic-specific PCK model proposed and used by 

Mavhunga and Rollnick (2013) when investigating the development of the PCK of pre-

service teachers (See Figure 2.3). According to Mavhunga and Rollnick (2013), topic-specific 

PCK is revealed when a teacher transforms subject matter knowledge (SMK) into units 

understandable for learners. This transformation of content knowledge takes place through 

the following five components: 

- knowledge of content representations; 

- knowledge of students‘ prior knowledge; 

- knowledge of curricular saliency; 

- knowledge of difficult concepts, and 

- knowledge of conceptual teaching strategies. 

 

The topic-specific PCK model, as seen in Figure 2.3, has combined the knowledge bases in 

the Rollnick et al.'s (2008) model (left-hand side) with a description of the transformation of 

CK to topic-specific PCK on the right-hand side.  
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Figure 2.3 

A Model for Topic-Specific PCK 

 

Mavhunga and Rollnick (2013) 

Topic-specific PCK is the ability of a teacher to transform content, through these five 

components, into something more suitable for learning (Mavhunga, 2014). The dynamic 

nature of teaching rests on this premise, as each topic of content being taught has to undergo 

a process of transformation. According to Mavhunga (2014), the quality of a teacher's topic-

specific PCK is determined by the teacher's knowledge of the five components and how they 

interact with each other. 

With these different PCK models being altered and redefined, it became evident that there 

was a need for consensus on the definition of PCK and a framework that can support 

research. In 2012, a PCK summit was held where researchers gathered and developed a new 

model for PCK. Figure 2.4 shows the consensus model of 2012. 
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Figure 2.4 

Consensus Model of PCK 

 

Gess-Newsome (2015) 

The consensus model emphasised that PCK was an interplay between knowledge bases, 

knowledge of a particular topic, teacher beliefs and orientations, and the context of teaching 

(Gess-Newsome, 2015). The result of this interplay yields a personal PCK enacted as the 

teacher plans, teaches and reflects on the lesson. This model was later revised due to the 

minimal detail that the model had about PCK in the 2017 Refined Consensus Model (RCM) 

of PCK. The RCM of PCK became the conceptual framework for this study. 

2.2.2 The Refined Consensus Model of PCK 

Although a consensus model was formulated in 2012, the model was complex with 

connecting arrows and component layers whose meanings and interactions were not 

described (Kind, 2015). Also, the model was not specific about the composition, sources and 

types of PCK (Kind & Chan, 2019). It needed to be revised because many researchers felt the 

model was unclear (Carlson & Daehler, 2019). This need led to another summit which gave 
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rise to the Refined Consensus Model of 2017. The RCM focuses on the way science teaching 

occurs (Hume et al., 2019). Figure 2.5 shows the RCM of PCK. 

Figure 2.5 

The 2017 Refined Consensus Model of PCK 

 

 

Carlson and Daehler (2019) 

According to this model, five types of knowledge bases contribute to a teacher's PCK. These 

are pedagogical knowledge, student knowledge, curricular knowledge, assessment 

knowledge, and content knowledge. A culmination of all these knowledge bases feed into 

collective PCK (cPCK), which is shared among a group of teaching professionals. This 

means that cPCK does not refer to knowledge held by a single teacher but rather knowledge 

that is ―public and held collectively‖ (Hume et al. 2019, p. 88). This cPCK can range from 

being discipline-specific to topic-specific to concept-specific, and this holds for the other 

realms of PCK, which we are yet to discuss. 

The learning context, in this model, is represented by a circle between the cPCK and personal 

PCK (pPCK). This is important as the learning context informs the transfer of knowledge 
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from the cPCK held by all educating professionals to a teacher's pPCK. Each teacher has 

their personal PCK that they possess, which is unique due to the context in which learning 

takes place. The pPCK can be influenced by teachers‘ beliefs and orientations, pre- and in-

service training, interactions with other teachers, curriculum materials, classroom 

environments, and student attributes. These influencers also have an impact on the way the 

teacher thinks and behaves during the teaching process. During instruction, the teacher can 

draw on knowledge from their pPCK and use it. This becomes the enacted PCK (ePCK). 

According to the RCM, there exist underlying factors that can influence the transfer of 

knowledge between these three realms of PCK. These factors are referred to as amplifiers and 

filters in the RCM (Carlson & Daehler, 2019). Figure 2.6 shows the RCM of PCK with only 

the personal and enacted PCK. 

Figure 2.6 

The personal and enacted PCK- the knowledge and skills used by a teacher during the planning, 

teaching and reflection of a lesson. 

 

 

The enacted PCK (ePCK) refers to the knowledge and skills used and displayed by a teacher 

during the teaching process. It is worth noting that the ePCK is not only seen during the 

interactive phase of teaching (ePCKi) but also during the planning of instruction (ePCKp), 

which happens before teaching, and during the reflection on instruction and student 
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outcomes, which takes place after teaching (ePCKr). This model is appropriate for the current 

study as it places the teacher at the centre of the teaching process. It also shows the dynamic 

nature of teaching, which makes every lesson unique. During the three phases of teaching, 

plan, teach and reflect, the teacher is constantly making decisions on how the content can be 

transformed into units the students can understand. This process of continuous decision-

making and justification of instructional moves is known as ―pedagogical reasoning‖. 

The 2017 Refined Consensus Model of PCK identifies three distinct realms of PCK – 

collective PCK, personal PCK and enacted PCK. This study draws on cPCK to design an 

intervention. It investigates the transfer of knowledge from cCPK to pPCK, and the final 

transfer from pPCK to ePCK, looking at possible amplifiers and filters.  

2.2.3 Influences on Teachers’ Enacted PCK 

According to the Consensus Model, underlying factors exist that can influence and impact the 

teachers‘ enacted PCK. These influencers can help us understand the link between what a 

teacher knows and does (Gess-Newsome et al., 2019). These factors, referred to as amplifiers 

and filters, are teacher- or student-centred. Although the learning context is not the focus of 

the study, the researcher is aware of its potential role in a teacher‘s ePCK. For this reason, 

teachers‘ beliefs and orientations, classroom environment and student attributes will be 

discussed briefly. 

Teacher beliefs and orientations have been seen before as a PCK component in the models of 

Grossman (1990) and Magnusson et al. (1999). According to Magnusson et al. (1999), a 

teacher's beliefs and orientations refer to the "teachers' knowledge and beliefs about the 

purposes and goals for teaching science at a particular grade level" (p.97). According to the 

RCM (Carlson & Daehler, 2019), the level and quality of knowledge transfer between the 

cPCK and the pPCK, and between the pPCK and ePCK, depends on how amplifiers and 

filters act in the teachers mind. These could be the learning context (Carlson & Daehler, 

2019), a teacher's values, self-efficacy, commitment, emotions, knowledge, beliefs, micro-

politics (Hong, 2010), enthusiasm (Sorge et al., 2019) and self-regulatory skills.  

The classroom environment is another factor that influences the teacher‘s ePCK. Some 

examples include the location of the school (rural or urban), the number of students in the 

classroom, the infrastructure, interactions among students and between teacher and students, 

curriculum materials and even the rules that govern students' general behaviour. Kennedy 

(2010), suggests that forces that the teacher does not have control over factors such as lack of 
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resources and school interruptions that have a greater effect on student learning than the 

quality of a teacher's PCK.  

Student attributes such as age, gender, class level, subjects they have or have not studied 

before, background knowledge and skills, and social and cultural background greatly 

influence the teachers enacted PCK (Hall & Kidman, 2004). According to these authors, this 

knowledge will allow a teacher to identify the strengths and weaknesses of the students, and 

aid in the planning and delivery of content. A teacher, therefore, needs to be familiar with 

their students' attributes to make informed choices that will make the teaching and learning 

process more effective. 

2.2.4 Methods Used to Capture a Teacher’s PCK 

Over the years, many studies have looked into PCK and its components. Over the last ten 

years, there has been a shift in focus to the topic-specific nature of PCK and the development 

of a teachers' PCK concerning a particular topic (Bektas, 2015; Dharsey et al., 2006; 

Drechsler & Van Driel, 2008; Makhechane & Qhobela, 2019; Rollnick & Davidowitz, 

2015),how this PCK can be improved (Makhechane & Mavhunga, 2021; Mavhunga, 2014, 

2019a; Mavhunga & Rollnick, 2013; Pitjeng-Mosabala & Rollnick, 2018) and how a 

teacher‘s PCK can be measured (Chan et al.,  2019; Mavhunga & Miheso, 2021; Schultz et 

al., 2018).  

From some of the studies mentioned above, I must highlight the methods used to capture 

teachers' PCK. These studies served as a basis for the data collection methods used during 

this study. In Dharsey et al.'s (2006) study, interviews and observations were used to explore 

two chemistry lecturers‘ enactment of PCK. Drechsler and Van Driel (2008) used interviews 

to investigate the PCK of nine experienced chemistry teachers about acid-base chemistry. In a 

study on organic chemistry, Davidowitz and Rollnick (2011) collected data using interviews 

and observations. With these data collection methods, the researchers could capture teachers‘ 

knowledge about curricular saliency, interactions with students and explanations, 

representations and topic-specific strategies. Makhechane and Qhobela (2019) used 

questionnaires, interviews and observations to understand how teachers transform subject 

matter on stoichiometry into units understandable to learners.  

Mavhunga and Rollnick (2013) conducted an intervention with 16 physical science teachers 

using Content Representations (CoRes) to capture the teachers‘ PCK. A CoRe is a tool that 

was developed by Loughran et al. (2004) to capture a teacher‘s PCK using prompts. The first 
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step to developing a CoRe is to identify the key concepts in a topic, called ―big ideas‖. 

Teachers then collaborate to develop responses to prompts such as, ―what do you intend the 

students to learn about this idea‖ and ―difficulties/limitations connected with teaching this 

idea‖ (Loughran et al., 2004 p.376). For this study, the researcher adapted some of these 

prompts to form the base of some questions in the Professional Development Intervention 

(PDI) questionnaire. 

These topic-specific studies in science education are important to this research, as this study 

investigated chemistry teachers' topic-specific PCK about the extraction of metals, focusing 

on ideas related to environmental sustainability.  

2.3 Defining Education for Sustainable Development (ESD) 

Enhancing the quality and relevance of a curriculum for sustainable development requires 

understanding the concept of sustainable development (SD) from which ESD was derived. 

The literature reviews SD and how it evolved into ESD, which is the concept of interest in 

this study. 

2.3.1 The Concept of Sustainable Development (SD) 

Due to the nature of Sustainable Development (SD), a broad concept encompassing many 

aspects, there are various versions of its definition. The most commonly used definition is the 

one released by the Brundtland Commission, formally known as the World Commission on 

Environment and Development (WCED), in 1987. The Brundtland Report definition states 

that sustainable development ―meets the needs of the present generation without 

compromising the ability of future generations to meet their own needs‖ (WCED, 1987, p. 

43). Sustainable development is based on the three fundamentals proposed in the Brundtland 

report: economic growth, environmental protection and social equity (WCED, 1987). From 

its beginning, the concept of SD has been based on these dimensions of economy, 

environment and society (United Nations Educational, Scientific and Cultural Organization 

[UNESCO], 2005). These three dimensions are seen as overlapping and interconnected and 

can be represented as pillars, embedded circles or overlapping circles (Adams, 2006). All 

representations emphasise the importance of the three dimensions of economy, environment, 

and society to sustainable development. While there is consensus regarding the contribution 

of all three of these factors to sustainable development, the economic aspect has been seen to 

carry more weight when it comes to the decision-making processes of a nation. This has 

resulted in the increased success of economic endeavours at the expense of societies and the 
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environment (Borgstein, 2017). Environmental sustainability has fast become one of the most 

urgent challenges faced by the human race. Societies are now aware that the Earth‘s natural 

environment has been damaged as they seek economic stability.  

This study gave particular attention to environmental sustainability due to the severity of the 

current state of our natural environment. Many, including the researcher, are concerned that 

future generations would be left to face the challenges associated with a polluted environment 

and a lack of natural resources. Also, many identified environmental issues have been 

associated with the chemical industry, finding relevance to this study as it focused on 

chemistry education and, more specifically, chemistry teachers. Environmental issues related 

to the chemical industry arise during the extraction, refining, manufacturing, consumption, 

and degradation of raw materials (Schultz, 2013). In a study conducted by Dube and Lubben 

(2011) on Swazi teachers, fifteen of the sixteen teachers interviewed regarded the 

environmental aspect of SD as most suitable for integration into science teaching. The link 

between chemistry and the environment cannot be disregarded; therefore, the researcher 

chose to focus on the dimension grounded on environmental protection. 

2.3.2 Integrating Sustainable Development into Education 

Increased awareness of the importance of sustainable development, and the essential role that 

education could play, led to the development of the concept of Education for Sustainable 

Development (ESD). Education is the key to creating awareness about sustainability issues 

and enhancing the ability of citizens to come up with solutions to the environmental, 

economic and social problems that the world is facing. ESD is the process of equipping 

students with the knowledge and understanding, skills and attributes needed to work and live 

in a way that safeguards environmental, social and economic wellbeing, both in the present 

and for future generations (Longhurst et al., 2014). ESD is, therefore, a means of empowering 

learners so that they can contribute to sustainable development.   

According to UNESCO (2012a), the implementation of ESD involves providing quality basic 

education, including sustainability in educational courses, and increasing awareness and 

understanding of sustainable development, its principles and practice through public 

awareness and training. Of these four ―thrusts‖ of ESD implementation, the relevant and 

direct concern to educators is that of including sustainability into current curricula. Including 

sustainability issues into curricula, referred to as ―reorienting curricula‖ to include 

sustainability, is one of the basic priorities of ESD. Reorienting a curriculum to address 
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sustainability requires the inclusion of the principles, skills, values, issues, and perspectives 

related to sustainability's environmental, social and economic domains. Appropriately 

reorienting a curriculum and ensuring the successful implementation of ESD requires 

teachers to have pedagogical content knowledge about sustainability (Perry, 2013). This 

means that a teacher should have adequate knowledge and skills about ESD to integrate 

concepts related to sustainability into their teaching effectively. 

According to the United Nations Economic Commission for Europe [UNECE] (2009) the 

effective integration of ESD requires it to be cross-curricular. This means that it should be 

integrated into all school subjects. This approach allows learners to think more critically and 

embrace the holistic nature of ESD (Walshe, 2017). In light of the interdisciplinary approach 

to ESD, Walshe (2017) studied geography students to find the effect of using poetry to 

develop their understanding of sustainability. Data collection made use of students‘ drawings, 

questionnaires and interviews. The study found that the students could develop an 

appreciation for the three domains of sustainable development. The students were also 

encouraged to engage more critically and affectively. Chemistry has many opportunities to 

improve sustainability as many environmental issues stem from the chemical industry. The 

chemistry teaching can be tailored to incorporate sustainability issues and educate future 

chemists on sustainability. One suggestion made by Juntunen & Aksela (2014) was the 

incorporation of sustainability issues and student-centred pedagogies into chemistry course 

books. The key sustainability issues, such as climate change, sustainable production, 

consumption, loss of biodiversity, poverty, clean water and sanitation, need to be addressed 

during teaching. 

2.3.3 Teacher Competencies in the Implementation of ESD 

One of the biggest challenges for the future of ESD is the preparation of the teachers 

(UNESCO, 2014). Science teachers are lacking in the knowledge of both the theory of ESD 

and its pedagogies (Burmeister et al., 2013). The preparation of teachers is mostly perceived 

to be the responsibility of higher education institutions (HEIs). It does not only focus on the 

initial preparation of teachers but also on the continued professional development of the 

teachers in the field. According to UNECE (2009), sustainability issues need to be 

incorporated into teacher training and in-service training programmes so teachers can engage 

in ESD. HEIs have become increasingly eager to integrate sustainability into their teaching, 

and although some universities have tried to infuse sustainability into their curricula, there 

have been some challenges. One of the greatest challenges HEIs face is that the educators 
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lack knowledge about environmental issues, where and how to obtain relevant information, 

and how to link it to their discipline (Thomas, 2004). This was highlighted by Hopkins 

(2015) who stated that the challenges faced by HEIs were ―lack of financial resources, lack of 

awareness or support, and lack of human resources‖ (Hopkins, 2015, p.3). The human 

resources are the teacher educators who understand ESD and can be at the forefront regarding 

reorienting the curriculum and teaching processes. Understanding ESD not only focuses on 

the knowledge, issues, perspectives, and skills central to ESD but also involves understanding 

sustainability values. Once the teacher can identify these aspects in each of the three 

components of SD, then effective integration into the curriculum will take place (UNESCO, 

2014).  

According to Burmeister and Eilks (2013), knowledge of content and suitable teaching 

strategies is required to infuse SD into teaching. A teacher's content knowledge affects their 

ability to plan and conduct a lesson in a way that will help the students better understand the 

concept being presented (Magnusson et al., 1999). This means that for a teacher to prepare 

for and present lessons on concepts related to sustainability, a teacher must be knowledgeable 

about both the concepts of chemistry and sustainability. It is worth noting that although 

content knowledge is necessary and important, it is not a sufficient pre-requisite for 

developing quality PCK (Gess-Newsome, 2015). According to Bertschy et al. (2013), for 

ESD implementation to be effective, a teacher must have an in-depth understanding of both 

content knowledge and pedagogical content knowledge (PCK). PCK is a conceptual 

framework that has been found to play an integral role in developing teachers' competencies 

(Shulman, 1986). It has become an important knowledge base for teachers, researchers and 

teacher education institutions. 

2.4 Conceptual Framework 

The conceptual framework that guided this study was the refined consensus model of PCK 

(Carlson & Daehler, 2019). A key aspect of this model is its description of the three different 

realms of PCK: collective, personal and enacted PCK. This study explores the transfer of 

knowledge from the cPCK to the pPCK, and from the pPCK to ePCK. Collective PCK forms 

part of a broader knowledge base for teaching from which a teacher draws their pPCK. In this 

study, the cPCK, a collection of information and resources from science educators and 

researchers, informs the intervention that the teachers are exposed to and has a role in 

developing a teacher‘s pPCK. This pPCK becomes a pool of knowledge that teachers can 

access and utilise, becoming their ePCK. Throughout the knowledge exchange between the 
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three realms of PCK, amplifiers and filters can affect the development of a teacher‘s PCK. 

Figure 2.7 illustrates how the RCM was used as the conceptual framework for this study. 

Figure 2.7 

Diagram Illustrating how the RCM was Used as the Conceptual Framework 

 

 

The intervention carried out in this study exposed the chemistry teachers to PCK about the 

topic through the five components of PCK that were proposed in the grand rubric (Chan et 

al., 2019). The main focus of this study was to determine whether a professional development 

intervention would affect a chemistry teacher‘s pPCK. This was done by capturing the 

teachers‘ pPCK before the intervention and the pPCK and ePCK after the intervention. 

Questionnaires and interviews gave the teachers opportunities to reveal their pPCK. 

According to Carlson and Daehler (2019), a teacher draws on knowledge from their personal 

PCK during the planning, teaching and reflection of a lesson, and the experiences gained 

during the process of instruction provide feedback which further develops the personal PCK. 

This implies a constant knowledge exchange between the pPCK and ePCK during the 

teaching process. The enacted PCK has three phases: planning teaching and reflection. For 

this study the researcher looked specifically at the teacher‘s ePCK during the planning phase.  
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The PCK components, namely curricular saliency, conceptual teaching strategies and student 

thinking, are important to this study as they were used to examine the teacher‘s pPCK and 

ePCK. These components are discussed in more detail in the section that follows. 

2.5 Components of PCK 

According to Mavhunga and Rollnick (2013), the quality of a teacher's personal and enacted 

PCK about a topic is influenced by the level of their knowledge about the components of 

topic-specific PCK and how they interact with each other. A teacher‘s ePCK can be seen 

through their choice of instructional methods and representations, their ability to consider 

multiple factors, such as knowledge of students, curricular saliency and knowledge of 

assessment when reasoning and their ability to explain why they teach the way they teach 

(Carlson & Daehler, 2019). These components of a teacher‘s ePCK are incorporated in the 

design of the grand rubric for measuring a science teacher‘s pedagogical content knowledge 

(Chan et al., 2019). The discussion amongst the authors led to the following key PCK 

components (Chan et al., 2019, p.11): 

1. Knowledge and Skills related to Curricular Saliency: appropriate selection, 

connection, and coherence of big ideas; accuracy of content. 

2. Knowledge and Skills related to Conceptual Teaching Strategies: selecting and 

using appropriate instructional strategies; using multiple representations. 

3. Knowledge and Skills related to Student Understanding of Science: identifying 

and acknowledging variations in student learning and eliciting and assessing 

student difficulties and misconceptions. 

4. Integration between PCK Components: monitoring and adjusting teaching 

practice based on student feedback and learning of the big ideas as well as the 

classroom context 

5. Pedagogical Reasoning: providing a rationale for teacher decision-making and 

actions within the context of their teaching situation. 

These components of PCK interact in a complex and dynamic way. A teacher with a well-

developed PCK should be able to understand that each component cannot exist on its own but 

are rather integrated. There is interplay between and amongst these components revealed 

during a lesson's planning, teaching and reflection.  

The first three components of PCK refer to the ―Knowledge and Skills‖ that a teacher 

possesses. The researcher chose to focus on these three components as they draw directly 

from the personal PCK of a teacher and can be revealed through the teachers‘ planning of a 
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lesson on the extraction of metals. Integration between PCK components was not included as 

the researcher felt that this component can be best identified when focusing on dynamic PCK, 

which pertains to ePCK in the interactive teaching phase. This would have been better 

revealed during lesson observations, which were not done in this study.  

These knowledge components are important to this study as they constitute the lens through 

which the researcher investigated chemistry teachers' personal and enacted PCK. In this 

study, the researcher chose to examine how teachers choose their instructional strategies and 

representations, what they understand about students‟ prior conceptions and learning 

difficulties and the role that their curriculum knowledge plays during the lesson planning. The 

topic chosen for this study was ―extraction of metals‖ as it contains two learning outcomes 

that can be linked to environmental sustainability, conservation of resources and 

environmental impact of mining. The exact outcomes can be seen in the EGCSE syllabus 

extract in Appendix A. 

2.5.1 Knowledge and Skills Related to Curricular Saliency 

Knowledge of curricular saliency is a teacher‘s knowledge about the concept being taught, 

how the sub-ordinate ideas can be sequenced, the concepts that must be understood before 

teaching the key idea, and the importance of teaching that concept. According to Magnusson 

et al. (1999), it includes a teacher‘s knowledge of the curriculum itself, the goals and 

objectives for teaching it, and knowledge of relevant instructional materials and resources. 

Students will perform better if the content is relevant and is supported by relevant 

instructional materials such as textbooks (UNECE, 2009).  This component includes 

knowledge of what students have learnt before and what they will learn after (Grossman, 

1990). In the EGCSE physical science syllabus, the topic of the extraction of metals falls 

under a broader topic of metals. The topic on the extraction of metals is preceded by the 

reactivity series of metals and followed by the uses of metals. This knowledge gives teachers 

an understanding of the concepts that must be taught to make the topic easier to understand 

and the time that must be spent on each concept. 

The sources for knowledge of the goals, objectives and even concepts that need to be 

addressed are normally found in documents written by the government or school. For a 

teacher to be effective they must be knowledgeable about these documents, as well as the 

activities and materials that can be used to achieve these goals (Magnusson et al., 1999). In 

the case of the chemistry teachers in this study, the document we are referring to is the 
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EGCSE physical science syllabus. This document lists the general aims of teaching physical 

science and the outcomes for each topic. The aims of the syllabus of interest to the study are 

those related to environmental sustainability. 

This component also includes a teacher‘s knowledge and understanding of the importance of 

teaching a particular topic (Park & Oliver, 2008). This means that a teacher with a developed 

PCK should be able to answer the question, ―Why is it important for students to know this?” 

(Loughran et al., 2004). Although there are seven outcomes under the topic of extraction of 

metals, this study focuses on the two outcomes related to environmental sustainability. A 

teacher should know why it is important for students to learn about these sustainability issues 

and the impact of mining on the environment and conserving resources.  

2.5.2 Knowledge and Skills Related to Conceptual Teaching Strategies 

This component refers to a teacher‘s ability to select specific teaching strategies, including 

activities and representations, to make content understandable to learners (Chan et al., 2019). 

A teaching strategy consists of multiple phases of instruction aimed at supporting conceptual 

change or conceptual development (Magnusson et al., 1999). A teacher‘s knowledge of this 

component, therefore, depends on their awareness of student pre-conceptions, misconceptions 

and the concepts they find difficult. A teaching activity, on its own, is a mere pedagogical 

method. Teaching activities include ―problems, demonstrations, simulations, investigations or 

experiments‖ (Magnusson et al., 1999, p.18). A teacher‘s knowledge of this component 

includes their knowledge and skill regarding using questioning to assess students‘ 

understanding and the use of appropriate assessment methods. It also relies on a teacher‘s 

knowledge of the curriculum.  

Chan et al. (2019) considered knowledge of appropriate representations an important part of 

this component. A teacher‘s knowledge of representations refers to their knowledge of ways 

to represent specific concepts to make them understandable to learners. It also includes a 

teacher‘s knowledge of the strengths and weaknesses of specific representations (Magnusson 

et al., 1999). Representations include illustrations, examples, models, metaphors, analogies, 

equations, and tables.  

Integrating sustainability issues requires shifting from the traditional teaching approach to 

participatory learning (UNECE, 2009). Participatory learning allows the students to interact 

with the content, fellow students and the teacher. ESD, therefore, challenges the ―dominant 

pedagogical discourse‖ that educators have used for many years (Sandri, 2020). As opposed 
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to traditional lecturing, ESD advocates for pedagogical approaches that challenge students to 

participate actively, think critically and reflect (Seatter & Ceulemans, 2017). 

When teaching for sustainability, Borg et al. (2012) used group discussions, interactive 

lectures, group work, interdisciplinary work and class debates. Jeronen et al. (2017) broadly 

believed that teaching methods in which students worked in groups and participated actively 

in learning processes were most suitable when teaching for sustainability. 

ESD pedagogies should encourage students to ask questions, analyse situations, voice 

opinions, think critically and make informed decisions (UNESCO, 2012b). Quality 

sustainability education requires interactive, exploratory and transformative learning, 

allowing students to develop responsible behaviours. Examples of such pedagogies are issue 

analysis, class discussions, storytelling, debates, and simulations. Another example of such 

pedagogy entails going out into the field to study and experience a particular issue and 

allowing the student to develop their social and interpersonal skills (Owens et al., 2015). 

Since some higher education institutions have started implementing ESD, it is worthwhile to 

mention some findings regarding their teaching methods. Some university lecturers have been 

found to teach sustainability through class discussions, papers, readings, projects, guest 

speakers, and case studies (Natkin, 2016). At the same time, others are using the same 

traditional approaches, such as lectures, tutorials, and discussions, they would use when 

teaching content unrelated to sustainability (Christie et al., 2013). 

2.5.3 Knowledge and Skills Related to Students’ Understanding 

This component of PCK includes two categories; knowledge of the student‘s prior knowledge 

of the student‘s difficulties. Shulman said a teacher should have an understanding of: 

 the conceptions and preconceptions that students of different ages and backgrounds 

bring with them to learning 

 what makes the learning of specific topics easy or difficult (Shulman, 1986, p. 9) 

 

This knowledge will allow teachers to choose teaching strategies that are best suited to 

reorganise students‘ understanding (Shulman, 1986). Student prior knowledge includes pre-

concepts that constitute sound content knowledge and misconceptions that a student brings 

into the learning environment. Knowledge of this component is integral to teaching as it 

informs the teacher‘s selection of instructional strategies, representations, and questions to 

access understanding and assessment. With this knowledge of students, the teacher can 
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design instruction to become meaningful to the students and possibly bring about conceptual 

change.  

According to Morgil et al. (2009), a misconception is a false or non-scientific idea about a 

scientific phenomenon. Misconceptions may arise due to wrong or incomplete knowledge 

that students get from their own experiences, misinformation from parents, teachers or media, 

and misunderstanding of concepts. The researcher noted a gap in the literature regarding the 

misconceptions and difficulties that students have about ―impacts of mining‖ and 

―conservation of resources‖, and this research could be a start in filling that gap. 

Apart from the knowledge about misconceptions in the topic, a teacher must also be 

knowledgeable about the science topics and concepts that students find difficult to understand 

and why students find them difficult. This knowledge will help the teacher during the 

planning of instruction. Knowing what is difficult for students is useful when allocating time 

to spend on the different concepts, as those that they find difficult may need more emphasis 

(Shulman, 1986). The researcher puts forward three reasons students find science topics 

difficult: very abstract concepts, students‘ inability to comprehend and solve problems, and 

misconceptions.  

When reviewing literature about student difficulties in understanding environmental issues, it 

was found that some of these difficulties are caused by the new and challenging terminology 

used to name and explain scientific concepts. According to Stanišić and Maksić (2014), 

students do not have a clear picture of their role and possible contribution to the conservation 

and enhancement of the environment. This could lead to students being unprepared to 

participate in desirable ecological actions. Some difficulties could be a result of students 

having a low environmental awareness (Abd Rahman et al., 2018). 

It was also found that some student difficulties could be linked to teacher difficulties. 

According to Ham and Sewing (1988), difficulties faced when teaching about environmental 

issues are caused by conceptual constraints and teacher competencies. These difficulties 

include a teacher‘s lack of content knowledge which leads to their inability to adequately 

explain environmental terms and issues, as well as being unable to provide examples that are 

relevant to the students. When teachers are unfamiliar with the content and lack pedagogical 

knowledge, it makes it difficult to decide on the teaching strategies that will make the content 

more accessible to the learners. Abd Rahman et al. (2018) found that there was a general lack 
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of support from school administrators in promoting environmental conservation programmes 

and practices.  

2.6 Chapter Summary 

This chapter reviewed literature related to the construct of PCK and the concept of education 

for sustainable development (ESD). For PCK, I discussed the different models of PCK, 

including the refined consensus model, which was also the framework that guided the study. I 

continued to review possible influences that could amplify or filter knowledge transfer 

between cPCK and pPCK, and between pPCK and ePCK. I ended the section on PCK with a 

review of methods used by other researchers to access teachers‘ PCK. Regarding ESD, I 

reviewed the literature on the concept of sustainable development and how it was integrated 

into education. In addition, I reviewed teacher competencies in the implementation of ESD. 

The chapter ended with a discussion of the conceptual framework used to guide the study and 

the components of PCK. In the discussion of PCK components, I merged what is known 

about ESD with the body of knowledge that describes PCK. In the following chapter, I 

discuss the research methodology. I continue to demonstrate how the chosen conceptual 

framework informed the methodology and the design of the professional development 

intervention that was implemented to develop the teachers‘ PCK necessary for sustainability 

into chemistry instruction. 
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3 CHAPTER 3 

METHODOLOGY 

3.1 Overview 

This chapter discusses the research methodology used in this study. The chapter initially 

presents a brief account of this study's philosophical assumptions. The research method and 

design are then identified, followed by the research area and population. The sample of 

participants for this study was chosen through a screening process; therefore, the researcher 

described the criteria and sampling used during this process. Data collection took place in 

three phases; before the professional development intervention (PDI), which is referred to as 

the pre-PDI phase. The period during the PDI is referred to as the PDI phase and the period 

after the PDI as the post-PDI phase. The chapter also deliberates on the instruments and 

procedures used during these three phases of data collection. Information about data 

collection is followed by a discussion of the data analysis procedures, trustworthiness issues, 

and ethical considerations. 

3.2 Philosophical Assumptions 

At the start of the study, the researcher made assumptions about the nature and origin of 

knowledge. These assumptions were captured in the purpose and research questions, allowing 

the researcher to align the research with a particular paradigm. A research paradigm is a set 

of beliefs that guide the thinking process and behaviour of the researcher (Jonker & Pennink, 

2010). The philosophical position underpinning this study is that of the interpretivist 

worldview. An interpretivist paradigm is associated with the idea that individuals seek an 

understanding of the world they live in, and researchers rely fully on their participants‘ 

perceptions of the situation being studied (Creswell, 2014). These perceptions are subjective 

and can be altered by contextual or social factors. Interpretivists recognise that humans create 

their reality through interactions with contexts and other people (Wahyuni, 2012). This is 

relevant to this study as teachers are social beings constantly interacting with students, fellow 

teachers, parents and community members. Their conception of the construct of sustainable 

development is influenced by their social, environmental and economic context (Purvis et al., 

2018). 

3.3 Research Approach and Design 

Based on the philosophical position, research purpose and specific research questions, the 

researcher chose to use a qualitative approach for this study. The researcher used this study to 
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explore a phenomenon and develop a detailed understanding of a situation (Creswell, 2018). 

Literature alone could not adequately address the problem and give the researcher a complete 

insight into the situation. A qualitative study enabled the researcher to understand the 

phenomenon without imposing any pre-existing expectations on the participants and the 

research as a whole (Patton, 2002).   

The study employed a case study design. According to Yin (2012), a case study is a method 

where the researcher investigates a contemporary phenomenon within its real-life context. 

For this study, the researcher investigated the phenomenon of how chemistry teachers use 

their personal PCK about the extraction of metals in planning a lesson with big ideas related 

to environmental sustainability. The researcher found a case study to be the most appropriate 

design for this study. A case study allows an investigation to take place in a real-life context, 

retaining the natural environment of the investigation and safeguarding the contextual 

characteristics of the teachers‘ PCK. Secondly, it allows multiple forms of data collection, 

improving the findings' reliability and trustworthiness. For this study, the researcher has 

chosen to use questionnaires, interviews, and lesson plans. 

Yin (2012) further asserts that a case study can be either holistic or embedded, single-case or 

multiple-case study. For this study the researcher focused on the PCK of experienced 

chemistry teachers and therefore treated them as a holistic case. This meant that embedding 

novice chemistry teachers or teachers with a different teaching subject into the analysis 

would not reveal the relevant information about the phenomenon under investigation (DePoy 

& Gitlin, 2016).  Since each chemistry teacher was selected from a different school, the type 

of case study used is multiple-case study. A multiple case study allowed the researcher to find 

a more in-depth understanding of a chemistry teacher‘s personal PCK before, during and after 

the PDI, as it explored the same phenomenon across several different cases. According to 

DePoy and Gitlin (2016), a multiple-case study is preferred when the researcher wants to 

repeat a study to strengthen theory. During the data collection and initial analysis, the 

multiple cases were treated as separate to highlight unique features of interest and then 

combined to highlight any overlaps. 

3.4 Research Area 

The study was conducted in the Hhohho region of the Kingdom of Eswatini. Eswatini is a 

small, landlocked monarchy in Southern Africa that shares boarders with Mozambique to its 

northeast and South Africa to its north, west and south. The Hhohho region is one of the four 
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regions of Eswatini. It is located in the north-western part of Eswatini and runs southwards to 

the centre. The administrative centre is the national capital of Mbabane.  

Figure 3.1 

A Map of Eswatini highlighting the Hhohho Region 

   

 

3.5 Population of the Study 

The population of the study refers to a group of individuals with the same characteristic 

(Creswell, 2018). The group of individuals to whom the findings of this study apply is 

chemistry teachers teaching the EGCSE Physical science syllabus. There are 59 high schools 

in the Hhohho region of Eswatini (Ministry of Education and Training, 2013). Science is 

compulsory in all high schools; the sciences offered are biology and physical science. 

Physical science combines physics and chemistry. The researcher‘s population, therefore, 

consists of at least 59 chemistry teachers. 

https://en.wikipedia.org/wiki/Mbabane
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3.6 Screening of Participants and Sample Selection 

3.6.1 Sampling 

The researcher chose to use a non-probability sampling method, so the participants were not 

chosen by chance procedures. The researcher used purposeful sampling as only teachers with 

certain attributes were selected. The researcher employed a screening process to select the 

participants of the study. Screening ensures that the participants are suitable for the study 

(Yin, 2018). The screening process used is described in detail in the following section. 

3.6.2 Screening Process 

The screening of participants is a method used when the researcher is interested in finding 

participants with the right combination of attributes that make them suitable for the study. 

This means that the researcher has to define some relevant criteria or participant attributes to 

use to reduce the number of possible participants. In this section, the researcher describes the 

screening process, the instrument used for screening and those attributes that the researcher 

thought would make the participants suitable for this study. 

(a) Screening Procedure 

The researcher used a two-phased screening approach. According to Yin (2018), this 

approach is used when the number of possible participants is large. The identification of the 

possible participants took four days. The first phase of the screening process consisted of 

collecting records for all the possible participants. The researcher called the department of in-

service teachers at the University of Eswatini to find out if they had the records of science 

teachers in the Hhohho region. Once the records were confirmed, a letter was written to the 

department head asking permission to use those records. Once permission was granted, the 

records were released into the hands of the researcher. On receiving the records, the 

researcher picked all the chemistry teachers from the physics and chemistry teachers group. 

The researcher contacted all the chemistry teachers, introduced herself and the study, and 

confirmed whether they were indeed chemistry teachers. Once there was verbal agreement 

between the teacher and the researcher, the screening process continued. Questionnaires were 

hand delivered or sent via email to the teachers.  
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(b) Screening Instrument 

A screening questionnaire (Appendix B) was used to screen the teachers. This questionnaire 

consisted of both close-ended and open-ended questions. The data collected from the 

questionnaires allowed the researcher to reduce the number of participants. The questionnaire 

used for screening the chemistry teachers consisted of three sections.  

Section A solicited teachers‘ demographic information. This information included their 

gender, qualification, teaching experience and teaching subjects. This section was of 

importance to the study as the researcher was looking for participants who were experienced 

chemistry teachers. In this study, an experienced teacher is one who has been teaching for 

more than six years because they would have taught the two-year EGCSE physical science 

course at least three times. 

Section B used a 5-point Likert scale to assess teachers‘ knowledge on sustainable 

development (SD) and education for sustainable development (ESD). The researcher chose to 

use a rating scale instead of open-ended questions since the focus was on measuring the 

teachers‘ knowledge and not their views and perceptions. Closed questions can generate 

frequencies and allow comparisons to be made (Cohen et al. 2018). This allowed the 

researcher to compare the teachers‘ knowledge on SD with that of ESD. In 2012, UNESCO 

published an ESD sourcebook to help teachers, teacher educators, and mid-level decision 

makers responsible for education, integrate ESD into the school system. The researcher used 

this book in conjunction with the Sustainable Development Goals (SDGs) when constructing 

statements that would capture the ideals and principles that underlie sustainability. This is the 

same book given to the participants before the start of the intervention as part of the resource 

pack. Figure 3.2 shows a few of the SDGs that were captured in the statements about SD. 
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Figure 3.2 

Some of the SDG Issues used when constructing statements in the Screening Questionnaire  

 

(modified from the UNDP SDGs Booklet of 2015) 

Section B also had open-ended questions to elicit the teachers‘ views on the relevance of 

sustainability to their teaching and whether they thought it was important for students to learn 

about sustainability. Their responses to these questions were used in the later stages of 

screening. Teachers who responded to all these questions were chosen over those who did 

not. The responses of the six chosen participants for this study to this section were analysed 

and used to find their views about SD and ESD before they took part in the professional 

development intervention (PDI). 

Section C asked the teachers to describe how much of the physical science syllabus they had 

covered and if they would agree that their lessons on extraction of metals could be observed 

during the pre-PDI phase. The questions in this final section of the questionnaire assisted the 

researcher in selecting participants who would be teaching the topic extraction of metals 

during the data collection timeframe and were also willing to be observed. However, schools 

were closed due to the COVID-19 pandemic, and a national lockdown restricted face-to-face 

interactions. In March 2020, His Majesty King Mswati III of Eswatini declared COVID-19 a 

state of national emergency. This press release was followed by the closing of all border gates 

and a national lockdown, bringing the education system to a halt. All schools were closed, 

and the researcher could not collect data from the participants. When schools did resume four 

months later, only classes due to sit for their external national examinations were allowed 

back in schools. As it was already close to examination time, teachers were more focused on 
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the revision of content than on teaching. The researcher was consequently unable to carry out 

classroom observations as planned.  

(c) Suitable Attributes 

For this study, the main reason for screening was to determine teachers' eligibility for 

participation in the study. The attributes of the important target participants are: 

(i) Teaching subject; 

(ii) Knowledge of the chemistry section of the Physical science syllabus and syllabus 

coverage; 

(iii) Willingness to be observed during their lessons; and 

(iv) Familiarity with the concept of sustainability. 

In the following sections, the researcher elaborates on these attributes to clarify their 

importance for the suitability of a participant in this study. 

(i) Teaching Subject 

The researcher was looking for teachers teaching chemistry to Form 4 students at the time of 

the screening process. A student in Form 4, in Eswatini, is in their eleventh year of a formal 

schooling system. Form 4 would therefore be the equivalent of year 11 or Grade 11 in other 

countries. As mentioned in Chapter 1, physical science, which consists of chemistry and 

physics, is a two-year course that runs from Form 4 to Form 5. This was important during 

participant selection as the topic the researcher investigated is normally taught during the first 

term in Form 5. This process ensured the researcher that the teacher still had to teach the 

topic of the extraction of metals in the following year (Form 5). 

(ii) Knowledge of the Chemistry Section of the Physical Science Syllabus and Syllabus 

Coverage 

For a teacher to have the potential to make informed decisions and give insightful 

information regarding the chemistry section of the physical science syllabus, that teacher 

needs to be well versed with the details of the syllabus. According to Chan et al. (2019), five 

components make up a teacher's PCK: knowledge and skills related to curricular saliency, 

knowledge and skills related to conceptual teaching strategies, knowledge and skills related 

to student understanding of science, integration between PCK components and pedagogical 

reasoning. This means that the knowledge and skills related to curricular saliency are integral 
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to a teacher's PCK. Knowledge of the curriculum, which includes the syllabus, allows a 

teacher to make the appropriate ―selection, connection and coherence‖ of key concepts (Chan 

et al., 2019, p. 263). The details that are important to the researcher are knowledge regarding 

the topics and general content coverage, the order in which the topics are presented and the 

assessment objectives. Knowledge in this area allowed the teacher to render prompt and 

accurate feedback regarding the relevance of sustainability to the syllabus and opportunities 

for the integration of sustainability issues. Knowledge of the syllabus also allowed the teacher 

to make a reasonable estimate regarding when the actual teaching of the topic of the 

extraction of metals was likely to take place. 

It is also important for the researcher to be aware of the topics that have already been taught. 

Firstly, the topics that have been taught are related to the component of PCK that deals with 

the teacher‘s knowledge and skills related to student understanding of science. This means a 

teacher must be able to access and assess a student‘s prior knowledge, difficulties and 

misconceptions. Secondly, teachers may not follow the order in which the topics are 

presented in the syllabus. This means that a teacher might have already covered the topic of 

the extraction of metals, which is important to the study.  

(iii) Willingness to be Observed during Lessons 

The informed consent for participation in the screening process of the study did not cover the 

actual collection of data used for the research. As voluntary participation is of utmost ethical 

importance, the researcher asked teachers whether they would be willing to be observed 

during their lessons on the extraction of metals. Once the teacher agreed and was chosen to 

participate in the study, a separate consent form was to be given to the teacher, and further 

consent would be required from the parents of the students as the lessons would be 

videotaped. 

Although this was part of the screening criteria, as explained earlier, lesson observations 

could not occur as planned.  

(iv) Approach to the Concept of Sustainability 

A teacher‘s knowledge about a specific subject area can be linked to teaching behaviours as it 

affects how a teacher prepares for and conducts the lesson (Magnusson et al., 1999). The 

teacher must have some knowledge on how to educate for sustainability to ensure that the 

lesson is well executed and students can relate to and understand the concept of 
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sustainability. A teacher‘s familiarity with environmental sustainability can help the teacher 

identify other topics besides the extraction of metals, which are relevant to sustainability.  A 

teacher‘s knowledge of sustainability and educating for sustainability, however, is not the 

only factor that will influence a teacher‘s personal and enacted PCK. As mentioned earlier, a 

teacher‘s knowledge and skills related to curricular saliency, knowledge and skills related to 

conceptual teaching strategies, knowledge and skills related to student understanding of 

science, ability to integrate the PCK components and pedagogical reasoning are important 

when assessing the quality of a teachers PCK. 

Other factors such as professional development, beliefs, attitudes and motivation can also 

influence a teacher‘s personal and enacted PCK. Teachers hold a range of beliefs about topics 

that are part of the curriculum and those that are not part of the chemistry curriculum. The 

beliefs that teachers bring into the classroom environment may influence how they portray a 

certain topic. Teachers‘ attitudes and beliefs about a concept can therefore influence their 

teaching behaviours (Fives & Buehl, 2014). A teacher's attitude towards sustainability can 

influence their ability to implement ESD (Burmeister & Eilks, 2013).  

Although the researcher was not specifically looking for teachers that were knowledgeable 

about SD and ESD, a teachers approach to a possibly familiar or unfamiliar concept could 

play a significant role in whether a teacher may or may not use the opportunities in the 

syllabus to integrate sustainability issues into their teaching. In Step 4 of the screening 

process, two teachers were excluded based on their failure to respond to questions in Section 

B of the questionnaire. As mentioned earlier, this was important to the study as the responses 

of those teachers chosen to participate were later analysed. 

Once the first phase of the screening process had taken place, the researcher was left with 

nine participants. These participants were chemistry teachers who fitted all the criteria 

required by the researcher for participation in the study. Since the chosen sample size for this 

study was six participants, the researcher used convenience sampling for the second phase of 

the screening. Six participants were chosen from high schools which were easier to access. 

This method is fast, easy and cost-effective (DePoy & Gitlin, 2016).  

The flow diagram in Figure 3.3 summarises the screening process. It shows the procedure, 

the criteria used for the selection of participants and the number of participants before and 

after a selection criterion was used. 



44 
 

Figure 3.3 

Flow diagram showing participant screening and selection 

 

3.6.3 Sample 

As explained in the previous section, the sample for this study was drawn from a population 

of chemistry teachers teaching in the Hhohho region of Eswatini. The sample for this study 

comprised six chemistry teachers from six high schools in the Hhohho region of Eswatini. A 

small number of cases has been chosen so that the researcher can have enough time with each 

participant, soliciting information that can give the researcher an in-depth understanding of 

teachers‘ personal and enacted PCK before, during and after a PDI. Below is a table showing 

the background data of the six participating chemistry teachers. As mentioned earlier, the 
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background data was collected from the responses that teachers gave in Section A of the 

screening questionnaire. The profiles of the teachers are based on their gender, qualification, 

teaching experience and teaching subjects. For anonymity, the researcher used pseudonyms 

and codes for the teachers. 

 

Table 3.1 

Chemistry teachers‟ profiles 

Teacher Codes Gender Qualification Teaching 

experience 

(years) 

Teaching subjects 

Mrs Zikalala TB Female B.Sc + PGCE 6-15 Mathematics and 

Chemistry 

Mrs Dlamini TA Female B.Sc + PGCE ≥ 16 Chemistry and 

Science 

Mr Mavuso TE Male B.Ed 6-15 Mathematics and 

Chemistry 

Mr Cele TD Male B.Sc + PGCE ≥ 16 Mathematics and 

Chemistry 

Ms Dube TF Female B.Sc + PGCE 6-15 Biology and 

Chemistry 

Mr Fakudze TC Male B.Sc + PGCE 6-15 Biology, Chemistry 

and Science 

 

3.7 Data Collection Instruments and Procedures 

The study used several data collection methods to investigate the effect of a professional 

development intervention on chemistry teachers‘ PCK about environmental sustainability. 

The study focused on the teacher‘s personal and enacted PCK revealed through planning a 

lesson on the extraction of metals. As mentioned before, during the initial design stage of the 

study, it was intended that lesson observations would be done for all six participants as the 

researcher was focused on capturing the teachers‘ ePCK in the interactive phase of teaching 

(ePCKi). However, the schools were closed due to the COVID-19 pandemic, and the 

researcher could not collect data from the participants. This also implied that face-to-face 

interactions between the researcher and participants and participating teachers and their 
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students were no longer safe. This necessitated the decision for the researcher to 

reconceptualise the study and change the focus of the study from capturing the teachers‘ 

ePCK in the interactive teaching phase to capturing a teacher‘s ePCK in the planning phase 

of teaching (ePCKp).  

Data collection for the study was done in three phases. Each phase used its own instruments 

to examine the teachers‘ pPCK before, during and after a professional development 

intervention, as well as the ePCKp after the intervention. Since the study focused on the 

intervention's effect, the data was collected with the PDI being the central focus. The three 

phases were: the pre-PDI phase, the PDI phase and the post-PDI phase. The PDI‘s content 

was contributed by expert and experienced teachers and from research and other resources. It 

is therefore considered to be collective PCK (cPCK). Collective PCK was described by 

Carlson and Daehler (2019) as an amalgam of various science educators' contributions that 

can be shared and discussed amongst themselves and other professionals. The data collection 

procedures and instruments for the three phases are discussed below. 

3.7.1 Data Collection in Phase 1- The Pre-PDI Phase 

This phase comprised all the interactions between the researcher and the participants before 

the start of the intervention. This phase, therefore, included the participant‘s responses to the 

screening questionnaire, giving the screening questionnaire a dual purpose. The first was its 

use in the selection of participants, and the second was in revealing the participants' views 

about SD and ESD before they were exposed to the intervention.  

A pre-PDI questionnaire (Appendix C) was also used to collect data in this phase. The data 

collected in this questionnaire was used to help the researcher gain an understanding of the 

teachers‘ initial pPCK. The questionnaire later helped the researcher determine whether there 

was a difference in the teacher‘s pPCK before and after the intervention. The questionnaire 

was sent to the participants via e-mail. This questionnaire was part of an email sent out to the 

participants before the commencement of the PDI. Before the email was sent, the researcher 

made telephone calls to all the participants to explain the changes in the study and the data 

collection procedures that would take place in each phase. The researcher also asked the 

participants whether they were still willing to partake in the study in light of the changes. 

The questions in this instrument were modified from the CoRe-tool developed by Loughran 

et al. (2012). Since the researcher was looking at the teachers‘ PCK about environmental 
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sustainability, the big ideas were taken from the learning outcomes already found in the 

EGCSE physical science syllabus, under the topic extraction of metals, as these were 

outcomes that were related to environmental sustainability. The big ideas were ―conservation 

of resources” and ―impacts of mining”. The questions were such that the researcher could 

draw out specific knowledge about some of the PCK components, namely, curricular 

saliency, conceptual teaching strategies and student thinking. The reader may refer to 

Appendix C for the full questionnaire.  

3.7.2 Data Collection in Phase 2- PDI Phase 

The main focus of this phase was a professional development intervention sent to the 

participants via e-mail. Telephonic interviews were used throughout the intervention to 

collect data pertaining to the PDI‘s content and the participants‘ views and experiences while 

undergoing the intervention. 

(i) The Professional Development Intervention 

The PDI was collective PCK (cPCK) as it was an amalgam of contributions by different 

researchers regarding education for sustainable development (ESD), knowledge of students, 

curricular knowledge, pedagogical knowledge, assessment knowledge and content 

knowledge. Once the researcher had developed the tool, it was reviewed by an expert in the 

field. Once feedback was received, some changes were made to the tool. The tool was then 

piloted. Details on the piloting process of the PDI are discussed later in the chapter. The 

reader can view the slides used in the final PDI in Appendix D. 

The PDI used four 20-minute-long narrated PowerPoint online presentations sent out to 

teachers via email. This asynchronous form of online learning was used because of issues that 

the country faces in terms of network connections and expensive data bundles. Each session 

had a particular focus, and telephone interviews were conducted throughout the intervention. 

Below is a brief description of what was included in each session. 

Session 1 – This session started with an introduction which included the welcoming 

remarks, the purpose of the training session and the objectives that the 

researcher hoped to achieve by the end of the session. This session also 

introduced the participants to some attributes of a good teacher which were 

derived and modified from the components of PCK. The researcher made 

the deliberate decision not to use the terminology used for the PCK 
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components in PCK research. This approach ensured that the teachers 

would not be overwhelmed by unfamiliar terminology. Figure 3.4 shows a 

slide from the PDI discussing the attributes of a good teacher. 

Figure 3.4 

A slide from Session 1 showing some attributes of a good teacher 

 

 

 This session also made the participants aware of some general global 

sustainability issues that are relevant to their students and then went on to 

discuss specific environmental sustainability issues that could be discussed 

during a lesson on the extraction of metals. 

 

Session 2 – This session was based on the first PCK component, knowledge and skills related 

to curricular saliency. It started with a brief overview of the concept of education for 

sustainability, what it is about, why it is important, its fundamental characteristics and how it 

can be integrated into the teaching and learning of chemistry. It also looked at how chemistry 

teachers could use their existing syllabi to identify opportunities to discuss environmental 

sustainability issues and how to expand on them by asking themselves some basic questions. 

Figure 3.5 shows the slide from the PDI, which gave the teachers an idea of the questions 
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they should ask themselves during the planning of a lesson on the extraction of metals, with a 

particular focus on the learning outcome related to the conservation of resources. The session 

went on to assist teachers in answering each of these questions. 

Figure 3.5 

A slide from the second session showing some fundamental questions that a teacher should ask 

themselves during the planning of a lesson 

 

 

Session 3 – This session focused on the third and fourth components of PCK and how 

they can be applied to the planning of a chemistry lesson. The main 

emphasis of the third component was on a teacher‘s knowledge and skills 

pertaining to student learning and thinking. This also includes a teacher‘s 

ability to identify variations in student learning and elicit student difficulties 

and misconceptions. In this session, the teachers were made aware of the 

importance of knowing what a student is thinking and how to use 

questioning throughout a lesson to elicit and assess student thinking and 

understanding (Figure 3.6).  



50 
 

Figure 3.6 

A slide from Session 3 showing questions that could be used to assess students' prior knowledge 

 

According to the fourth component, a teacher should be able to adjust their teaching 

practice based on student thinking and the feedback they get from students during 

instruction. Figure 3.7 shows some instructional moves that a teacher can make if they 

realise that a student is finding it difficult to understand a concept. 

Figure 3.7 

A slide from Session 3 showing how a teacher can adjust instruction 
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Session 4 – This was the final session of the PDI and included the second and fifth 

components of PCK. The second component focused on a teacher‘s 

knowledge and skills concerning teaching strategies and representations. The 

session gave teachers several examples that could be used during a lesson on 

the impacts of mining. Figure 3.8 shows some of these teaching strategies. 

 
Figure 3.8 

A slide showing teaching strategies that could be used when teaching on the impacts of mining 

 

 

The fourth session also looked at the concept of pedagogical reasoning and 

how it occurs throughout all phases of teaching. The session ended with a 

revelation of how the attributes of a good teacher as discussed throughout 

the PDI, are linked to the concept of PCK and its components. 
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Figure 3.9 

A slide showing how pedagogical reasoning takes place before, during and after a lesson 

 

 

Throughout the training, there were opportunities for teachers to interact with the material in 

a short activity or reflection. Figure 3.9 shows one of these activities. For this short activity, 

the researcher reminded the teacher that ―remembering‖ is the lowest level in Bloom‘s 

taxonomy, and command words from this level are used when a teacher wants to assess if 

students can remember or recall information. The researcher then asked the teacher to come 

up with a question, related to the impacts of mining or conservation of resources using any of 

the command words in the list. This activity was also done for the levels of ―application‖ and 

―analysing‖. 
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Figure 3.10 

A slide showing an example of one of the short activities found throughout the PDI 

 

 

As the PDI was the focus of data collection, a chapter will be dedicated to the intervention, 

how it was developed, its content and how it was carried out. 

(ii) Telephone Interviews 

The researcher set up three telephonic interviews with each of the six participants, which 

were audio recorded.  The telephone interviews were chosen over face-to-face interviews as 

the researcher wanted the participants to feel safe throughout the data collection and did not 

want to expose themselves or the participants to the COVID-19 virus. The researcher also 

chose telephone interviews as they are cost and time-effective (Tracy, 2020). Furthermore, 

these interviews were chosen over online, face-to-face methods, such as Zoom and Google 

meet, as they do not rely on an internet connection, which can be difficult to access.  

The first interview (Appendix E) was conducted once the first session of the professional 

development intervention had been sent out and watched by the teachers. The interview was 

semi-structured as the researcher wanted to discuss the Session 1 presentation. This 
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discussion included the teacher‘s views on the importance of students learning about 

sustainability issues, the need for teachers to undergo professional development on educating 

for sustainability and the relevance of sustainability issues to the subject of chemistry. 

Once the first interview was done, the researcher sent out another email which contained the 

second and third PDI sessions. The researcher kept in touch with the participants through 

WhatsApp to follow up on their progress. The second interview (Appendix F) was conducted 

after the teachers had watched both sessions. The main focus of this interview was to 

determine whether teachers found the PDI‘s content relevant to their teaching and whether 

the information they had received would impact their lesson planning experiences. The 

second interview also asked the teachers for their experiences and views on using digital 

technologies as a professional learning and development tool to enhance teachers‘ knowledge 

and skills. On completion of the second interview, the fourth and fifth emails, which 

contained the fourth PDI session, the post-questionnaire, and a lesson planning template, 

were sent to the participants. 

The third interview (Appendix G) was conducted once all four sessions of the PDI had been 

completed. This interview was semi-structured as the questions from the first section were 

structured and those from the second section were unstructured. The questions in the first 

section aimed to determine what new knowledge teachers had gained concerning ESD and 

being a good teacher and their general feeling about the whole intervention. The questions in 

the second section were formulated after the researcher had looked through the participants‘ 

questionnaires and lesson plans. The purpose of these questions was to help the researcher 

clarify some of the questionnaires' responses and the lesson plan. 

3.7.3 Data Collection in Phase 3 – Post-PDI phase 

The main purpose of data collection in this phase was to help the researcher understand the 

teachers‘ post pPCK and ePCKp. This data helped the researcher determine if the PDI had or 

had not developed the teachers‘ topic-specific PCK about the extraction of metals when 

planning lessons with ideas related to environmental sustainability. 

(i) Post-intervention Questionnaire 

The post-PDI questionnaire emailed to the teachers after the PDI, was identical to the 

questionnaire given before the intervention. Before the PDI, the teachers were required to fill 

in the questionnaire using a different colour font from the font colour used in the questions. 
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After watching all four sessions of the PDI, the participants were asked to re-answer the 

questionnaire by adding, deleting or modifying their initial responses. These responses would 

reveal the elements of the cPCK that were transferred to the teacher's own pPCK. These new 

modifications were done in a different colour from the first responses.  

 (ii) Lesson Plan 

In addition to answering the post-intervention questionnaire, the participants were asked to 

use a lesson planning template provided by the researcher to plan a lesson on ―the impact of 

mining‖ which is a sub-topic under the ―extraction of metals‖. An analysis of the teachers‘ 

lesson plan revealed the teachers‘ ePCKp about environmental sustainability as they plan their 

lessons on the extraction of metals. Particular attention was paid to learning outcomes, 

instructional strategies and resources, teacher and student activities, and assessment methods. 

This was because these aspects are directly linked to the first three components of PCK: 

knowledge and skills related to curricular saliency, knowledge and skills related to 

conceptual teaching strategies, knowledge and skills related to student understanding of 

science, which the researcher used to determine the quality of the teacher‘s ePCKp. The 

information in these documents was triangulated with the data from the post-questionnaire. 

3.8 Piloting 

Piloting an instrument increases the reliability and validity of that instrument. In this study, 

the researcher piloted the questionnaire, the PDI tool and the interviews. This helped the 

researcher to refine these instruments and ensure that data collection would yield the desired 

results. 

3.8.1 The Questionnaire 

Before the researcher sent the questionnaire to participants, the questionnaire was piloted. 

According Cohen et al. (2018), piloting should focus on gaining feedback on the content and 

format of the questionnaire. This is extremely important because it not only helps the 

researcher identify grammatical errors but also allows the researcher to see whether the 

participants understood the wording in the questions to give the most informative answers.  

The researcher contacted four pilot teachers telephonically to describe the study and explain 

the piloting process. The teachers chosen to pilot the questionnaire were chemistry teachers 

who had participated in the screening process but were not chosen to be part of the final six 

participants. The teachers participating in the pilot were asked to send the researcher their 



56 
 

email addresses via WhatsApp, after which the researcher emailed the questionnaire to the 

pilot teachers. Once the pilot teachers had responded to the questionnaire and the researcher 

received the responses via email, the researcher made telephone calls to the pilot teachers for 

feedback.  

The questionnaire piloting revealed that the teachers were unfamiliar with the term 

―representation‖. To help the participants, the researcher edited the questionnaire to include 

examples of representations. The researcher knew that content around representations would 

be covered during the PDI. During the telephone interview, one of the pilot teachers 

commented that some of his responses to the questions were the same because he normally 

taught on the ideas of conserving resources and impact of mining in the same lesson. The 

researcher was aware of this but chose to separate some of the questions based on the big idea 

they focused on, as this would elicit more specific information from the teachers. 

3.8.2 The Professional Development Intervention 

The researcher decided to utilize one of the teachers who helped pilot the questionnaire in an 

effort to keep the pilot study as similar to the final study as possible. The teacher was asked 

to look at and give feedback on the intervention's content and structure, as the researcher 

wanted the intervention to be accessible to the chemistry teachers. 

The teacher used to pilot the PDI was a female who had been teaching high school chemistry 

for eight years. This teacher was one of those excluded from the sample of participants as she 

was not currently teaching a Form 5 class. Although the teacher was not currently teaching a 

form 5 class, she had previously taught that class and was familiar with the entire chemistry 

section of the physical science syllabus. She also possessed a BSc degree, majoring in 

biology and chemistry, and a post-graduate degree in education. The teacher's experience was 

important as all the participants in this study were teachers with more than six years‘ 

experience.  

Initially, the intervention was as a single 75-minute presentation with four sections. The pilot 

teacher commented by saying there was a lot to take in, and even though she remembered the 

term PCK from her teacher education, she had forgotten about it. She also commented on the 

lack of information on the concept of sustainable development. Once the researcher had 

received feedback from the pilot teacher, changes were made to the PDI. One of the most 

significant changes was that the presentation was then divided into four 15-20 minute 

sessions spread out over time. An experienced educator and expert in the field were then 



57 
 

asked to review the PowerPoint presentations and afterwards suggested more changes. Each 

of these sessions were again reviewed by the experienced educator. Once the final sessions 

were approved, they were piloted, using the same teacher who greatly appreciated the shorter 

duration and the use of visual representations. The duration of the development of the tool 

was five months. 

3.9 Data Analysis 

Data analysis involves gathering the many bits of data collected and bringing them together 

to form more general conclusions (Spaulding et al., 2013). The process of data analysis 

requires the researcher to organise and scrutinise data to identify themes, patterns and 

relationships and later make interpretations (Hatch, 2002). As there are no cut-and-set data 

analysis methods and procedures in qualitative analysis, making sense of data can be 

daunting. This study focused on identifying chemistry teachers‘ pPCK and ePCK as they are 

revealed through the planning of a lesson on the extraction of metals. A PCK rubric 

(Appendix H) and model answers with a master CoRe (Appendix I) were employed to 

facilitate the analysis. 

The RCM of PCK (Carlson & Daehler, 2019), which was the study's conceptual framework, 

was used to guide the analysis process, and components of PCK provided a lens for the 

investigation and organisation of the data. The components of PCK were referred to 

continuously to inform the data analysis and make the findings more meaningful. Data 

analysis was done as soon as the data was collected. This improved the quality of the research 

as it allowed the researcher to make decisions for future data collection based on the findings.  

3.9.1 The PCK Rubric 

As mentioned in the section above, the researcher used a PCK rubric to analyse data. The 

researcher used an adapted version of the grand PCK rubric template (Chan et al., 2019). The 

grand rubric suggested five components of PCK: knowledge and skills related to curricular 

saliency, knowledge and skills related to conceptual teaching strategies, knowledge and skills 

related to students‘ understanding of science, integration between PCK components and 

pedagogical reasoning. Since this grand rubric served as a template, the researcher decided to 

modify the rubric to suit this study. This study explored chemistry teachers‘ pPCK and ePCK 

about environmental sustainability during the planning of a lesson on the extraction of metals. 

Adaptations were made regarding the fourth and fifth PCK components proposed in the grand 

rubric. Firstly, the component of PCK ―Integration between PCK components‖ was not 
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included in the study‘s rubric. According to Chan et al. (2019), this component is based on a 

teacher's ability to monitor and adjust instructional moves based on student learning. The 

reason for its exclusion was that no CoRe prompts could be linked to this component, and 

this component can be accessed more effectively when a teacher is being observed in the 

classroom. The second modification was with regard to the component of ―Pedagogical 

reasoning‖. Although these authors agreed that pedagogical reasoning is an important part of 

PCK, they could not agree on where the component should be placed in the rubric, within 

each row of the rubric or as a separate component. In this study, questions prompting teachers 

to explain their teaching occur within the other components; therefore, the researcher chose 

not to place this component separately. 

Since the grand rubric has no set number of levels of competence, the researcher chose to use 

the four-point scale (1 for ―Limited‖ to 4 for ―Exemplary‖) that was used by Park et al. 

(2011). These levels were used to score teachers' responses in the questionnaire and lesson 

plan, which correspond to the components of PCK. 

3.9.2 Model Answers and Master CoRe 

The researcher, in collaboration with teacher educators, designed a master CoRe and also 

came up with model answers for those questions that could not be uniquely linked to the 

CoRe. These were an important part of the analysis of data. When scoring, the researcher did, 

however, include the three questions from the model answers under curricular saliency. The 

reason is that the topic of extraction of metals is the vehicle for exploring teachers‘ pPCK 

about environmental sustainability. Teachers are expected to have knowledge about the 

extraction of metals before going on to teach the big ideas.  

It is worth noting that although the researcher‘s model answers are extensive, they are not 

considered to be the complete list of possible answers. For this reason, the researcher treated 

the teachers‘ responses on a case-by-case basis. 

Since the researcher chose to use several tools in this study, a large volume of data was 

collected. The data was presented in three chapters to make the presentation of the findings 

most efficient. Each chapter included a more detailed description of the data analyses. 

3.10 Validity of Instruments 

The participants‘ responses to the pre- and post-PDI questionnaire were analysed and then 

rated using the PCK rubric. The responses were rated using a four-point scale with scores 1 
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for limited, 2 for basic, 3 for developing and 4 for exemplary (Park et al., 2011). This method 

has been widely used by PCK researchers (Makhechane & Mavhunga, 2021; Mavhunga, 

2019b; Mavhunga & Rollnick, 2013). Since the researcher was scoring teachers under three 

components– curricular saliency, conceptual teaching strategies and student thinking–

averages were calculated for each component. This method of using averages was also used 

by Mazibe et al. (2020), as it allows for smaller changes in the scores to be detected. 

Before the scoring commenced, the researcher and two science education experts reviewed 

and discussed the rubric. Those discussions led to changes being made to the rubric. The 

scoring process began with the researcher giving scores for one participant. These scores, 

together with the rubric and questionnaire, were then sent to the science education experts, 

who reviewed the researchers‘ scores and proceeded to score the participants' responses 

themselves. Discussions on the three sets of scores led the researcher to work on how the 

rubric could be streamlined to ensure that the categories were distinct. Once further changes 

were made, the scoring process started again, and more discussions followed. Throughout the 

scoring process for all participants, the rubric was constantly adjusted and scores 

reconsidered. Eventually, the final rubric was agreed on and used to do the final scoring of 

the participants' responses. 

3.11 Issues of Trustworthiness 

A researcher enhances the trustworthiness of a study by ensuring that the instruments 

measure or test what they are supposed to measure or test. According to Creswell (2018), the 

strategies used to improve the trustworthiness of qualitative data are member checking, 

triangulation of data and external audits. Merriam (1998) also recommended that experts in 

the field of research should review research instruments. In this study, the researcher asked 

subject experts and experienced educators to review and comment on the questionnaires, 

interview schedules, lesson plan template and the PDI used for this study. The researcher 

created model answers to some of the questions in the pre- and post-questionnaire, and 

designed a master CoRe. To enhance the validity of these analysis tools, the researcher asked 

experienced chemistry teachers, who were not part of the study, and teacher educators, to 

add, remove or change the responses suggested by the researcher. This can therefore be 

considered collective PCK. Experts in the field were asked repeatedly to review the study and 

its instruments. 
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Triangulation came from the use of different methods of data collection and different analysis 

strategies. In this study questionnaires, telephone interviews and a lesson plan were used to 

access the PCK of the chemistry teachers.  

3.12 Ethical Considerations 

Observation of research ethics is important as it helps protect the research participants' rights 

and promote the research's integrity (Israel & Hay, 2006).  The researcher applied for ethical 

clearance and waited for the clearance to be granted before seeking permission from the 

Ministry of Education and Training in Eswatini (Appendix J) to contact teachers and collect 

data. According to Creswell (2018), research participants must be informed before they are 

approached for data collection. The participating teachers in this research study were given 

consent letters (Appendix K) which contained summarised information about the research, 

the purpose of the study and the role of the researcher and the participant. The information 

and consent letters were provided by the researcher before data collection started.  

Due to the COVID-19 pandemic, the methods of data collection were revised. The researcher 

amended the ethics application and re-applied for approval of data collection. On approval, 

the researcher notified the chemistry teachers that the data collection methods had changed, 

that participation was voluntary and that they were allowed to withdraw from the study at any 

time. If teachers decided to withdraw, they would not be asked for reasons or penalised in any 

way. Emails and telephone interviews were chosen over face-to-face interactions as the 

researcher did not want to expose herself or the participants to the COVID-19 virus. The 

researcher wanted both herself and the participants to feel safe throughout the data collection 

process. With the revised data collection method, the participants and researcher faced no 

risks in implementing the study. 

The researcher also promised the respondents anonymity. This means that the researcher did 

not reveal the name of the schools or the chemistry teachers in the report on the study. This 

would ―enhance the validity of the research findings by increasing the participant‘s 

truthfulness in responding‖ (Passer, 2014, p 78). For this study, the researcher used both 

codes and pseudonyms for the participants. 

3.13 Chapter Summary 

In this chapter, the researcher elaborated on the different aspects of the research 

methodology. This study aimed to explore experienced chemistry teachers PCK of 

environmental sustainability, before and after an online intervention, when teaching about 
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extraction of metals. The study employed a multiple, holistic case study. The sample 

consisted of six chemistry teachers from six schools in the Hhohho region of Eswatini who 

were purposively and conveniently selected as participants. The data collection for this 

qualitative study took place in three phases; before, during and after the online intervention. 

A screening questionnaire, pre- and post-professional development intervention (PDI) 

questionnaire, interviews and a lesson plan template were used to capture the six participating 

chemistry teachers‘ pPCK and ePCK. These instruments focused on obtaining findings that 

were revealed through planning a lesson about the syllabus topic extraction of metals, with a 

particular focus on the impact that mining has on the environment and conservation of 

resources. The data analysis used a validated PCK rubric, model answers and a master CoRe. 

The PCK components of curricular saliency, student thinking and conceptual teaching 

strategies constituted the lens through which the researcher investigated the personal and 

enacted PCK of chemistry teachers. Issues of trustworthiness and ethical considerations, such 

as permission, informed consent, voluntary participation and privacy and anonymity, were 

also discussed. Next, I discuss the data collection process followed to establish the participant 

teachers‘ initial views about sustainable development and education for sustainable 

development, and PCK about environmental sustainability, prior to exposing them to the 

professional development intervention. 
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4 CHAPTER 4 

PRE-INTERVENTION INTERACTIONS 

4.1 Overview 

The focus of this chapter is to present and analyse the data collected before the professional 

development intervention (PDI) took place. This data collection was done to understand the 

initial pPCK of the six participating teachers. The chapter briefly describes the instruments 

used to collect this data and how the data was analysed. The summary of the background 

information of the six chemistry teachers, who were the key participants of this study, 

follows. As the chapter continues, the focus turns to these participants‘ responses to the 

screening questionnaire. These responses described their views about sustainable 

development (SD) and education for sustainable development (ESD) before they started the 

intervention. This survey was done to address the research question: What are chemistry 

teachers‘ views about sustainable development and education for sustainable development? 

The final section presents the data collected from the pre-intervention questionnaire and 

attempts to establish the teacher‘s initial pPCK. Each teacher‘s data was treated separately, 

and each case was discussed under the components of PCK about environmental 

sustainability during the extraction of metals. The chapter closes with a comparison of the 

teachers‘ initial topic-specific PCK and ends with a summary. 

4.2 Data Sources for this Chapter 

The instruments used to establish the initial understanding of the teachers‘ PCK about 

environmental sustainability were questionnaires. The first questionnaire, referred to as the 

screening questionnaire (Appendix B), was administered to a larger number of chemistry 

teachers (n=28) and used to select the final sample of the six teachers. Only the data from the 

final six participants chosen to participate in the study were used for further analysis. The 

second questionnaire, referred to as the pre-PDI questionnaire (Appendix C), was 

administered only to the six participants and focused mainly on developing an understanding 

of the teachers‘ pPCK. 

4.2.1 The Screening Questionnaire 

The screening questionnaire consisted of three sections. The first section solicited the 

teachers‘ demographic and biographical information. The second section used 5-point Likert 

scale items to assess teachers‘ understanding about SD and ESD, and open-ended questions 

to find out teachers' views on sustainability and the teaching of chemistry. The third section 
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asked for information which was solely used for screening purposes. Only the data on the six 

participants collected from the first two sections of this questionnaire is discussed in this 

chapter. 

4.2.2 The Pre-PDI Questionnaire 

A Pre-PDI questionnaire was used to capture the six participating teachers‘ initial pPCK. The 

questionnaire used to capture the teachers‘ PCK about teaching environmental sustainability 

was constructed by adapting the CoRe-prompts suggested by Loughran et al. (2012). When 

adapting the CoRe- prompts, the components of PCK, as proposed in the grand rubric by 

Chan et al. (2019), were considered as these would play a major role in determining the 

quality of the teachers‘ PCK. Figure 4.1 below summarises the pre-intervention tools and the 

data collected from each tool.  

Figure 4.1 

Flow diagram showing the instruments used and the data collected during the pre-intervention data 

collection phase 
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4.3 Data Collected from the Screening Questionnaire 

Before the initial data collection stage, personal and telephonic interviews were conducted 

with the In-Service Department at the University of Eswatini. These calls aimed to find the 

list of the chemistry teachers who had last attended an in-service workshop at the University 

of Eswatini. This exercise gave the researcher access to the telephone numbers of some of the 

chemistry teachers. The researcher was then able to contact several chemistry teachers, 

introduce them to the study and ask if they were willing to respond to a questionnaire 

(screening questionnaire). Those chemistry teachers who were willing became the screening 

sample of the study. The researcher made these chemistry teachers aware that answering the 

screening questionnaire was the first of two steps in the data collection stages of the research. 

Before the researcher could enter schools to meet with the teachers, permission was sought 

from the Director of Education‘s office (Appendix J). On receiving confirmation from the 

Director‘s office, the researcher set up appointment dates on which consent forms (Appendix 

K) and screening questionnaires were hand-delivered to each of the teachers. Before the 

teachers could answer the questionnaire, they were asked to read through the consent form in 

which the researcher promised anonymity of both the school and potential participants. 

Consent forms and screening questionnaires were sent to some teachers via email or 

WhatsApp.  

The analysis of the screening questionnaire took place on three levels: firstly, the 

characteristics of the participants (gender, teaching experience, professional qualification and 

teaching subjects); secondly, an interpretation of the views of teachers about SD and ESD by 

consideration of frequency levels shown by participants when agreeing to statements on SD 

and ESD; and lastly, patterns of similarity when listing sustainability issues that are relevant 

to their teaching of Chemistry and the topics found in the EGCSE Physical Science syllabus 

in which those sustainability issues could be integrated. The analysis results allowed the 

researcher to select six chemistry teachers that satisfied specific requirements. These teachers 

from six high schools in the Hhohho region of Eswatini became the focus sample of the 

study. 

The background data (Table 4.1) for the focus sample constitutes the responses the teachers 

provided in Section A of the screening questionnaire. The profiles of the participating 

teachers are based on their gender, qualifications, teaching experience and subjects. A 

pseudonym has been provided, in Table 4.1, for each teacher to protect their identity. Unique 
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codes, e.g. TA for Mrs Dlamini, are used to help the reader identify to whom a response 

belongs when the data is presented. 

Table 4.1 

Profiles of the six participating chemistry teachers 

Teacher Codes Gender Qualification Teaching 
experience 
(years) 

Teaching subjects 

Mrs Zikalala TB Female B.Sc + PGCE 6-15 Mathematics and 
Chemistry 

Mrs Dlamini TA Female B.Sc + PGCE ≥ 16 Chemistry and 
Science 

Mr Mavuso TE Male B.Ed 6-15 Mathematics and 
Chemistry 

Mr Cele TD Male B.Sc + PGCE ≥ 16 Mathematics and 
Chemistry 

Ms Dube TF Female B.Sc + PGCE 6-15 Biology and 
Chemistry 

Mr Fakudze TC Male B.Sc + PGCE 6-15 Biology, Chemistry 
and Science 

The participants (three males and three females) all possessed a teaching qualification. Five 

of the six participants possessed a Bachelor of Science (B.Sc) degree, with one of their 

majors being chemistry and a Post Graduate Certificate in Education (PGCE). The sixth 

participant possessed a Bachelor of Education (B.Ed) degree, with one of his majors being in 

chemistry. This study aimed to explore the PCK of experienced teachers; hence, all the 

participants had more than six years of teaching experience, with two having taught for over 

16 years. According to Chan and Yung (2018), the development of a teacher‘s PCK greatly 

depends on the teacher‘s experience in teaching. All participants, having majored in 

Chemistry, are teaching Chemistry at high school level. 

4.3.1 Chemistry Teachers’ Views about SD and ESD Prior to PDI 

The views of the chemistry teachers about SD and ESD, were found using the screening 

questionnaire (Appendix B) and an interview (Appendix E). The screening questionnaire was 

used to determine their views before the intervention and the interview was used to determine 

their views after the intervention. In this section, only the data from the screening 
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questionnaire is presented as it was collected before the intervention took place. The data 

from the interview is presented in the next chapter as the interview took place during the 

intervention. Although the screening questionnaire was used to collect data from a general 

sample of Chemistry teachers, only the data belonging to the six participating teachers is 

presented in this study.  

The main purpose of Section B of the screening questionnaire was to find out about the 

teachers‘ background knowledge on SD and ESD before the professional development 

intervention. The teachers‘ perceptions about SD and ESD were found using two sets of 5-

point Likert scale questions. Teachers were asked whether they agreed or disagreed with 

twelve statements regarding SD and eight statements pertaining to ESD. As this is a case 

study, only frequency was used to analyse the responses, as the focus of the question was 

only to ascertain whether the teachers agreed with the statements or not. The questionnaire 

also had questions regarding the teachers‘ views on the relevance of sustainability to their 

chemistry teaching and teachers‘ stance on the importance of students learning about 

sustainability and related issues. 

4.3.1.1 Understanding of SD and ESD 

In this study, as mentioned earlier, content knowledge refers to the chemistry teachers‘ 

understanding of SD and how it can be integrated into education. Teachers were given a list 

of 12 statements about SD and asked to indicate their level of agreement with the statement. 

Table 4.2 shows the SD statements and the number of indications by teachers. 

Table 4.2 

Participants‟ responses to the statements on sustainable development  

According to my understanding, 

sustainable development advocates for: 

Strongly 

agree 

Agree Not sure Disagree Strongly 

disagree 

1 Maintenance of biodiversity  5 1 - - - 

2 Conservation of natural resources  5 1 - - - 

3 Alleviating poverty  2 3 1 - - 

4 Recycling  of waste products  3 3 - - - 

5 Balance between use and 

regeneration of renewable resources 

4 2 - - - 

6 Transparency and accountability in 

government decision making  

3 2 1 - - 

7 A higher quality of life for all people  3 2 1 - - 
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According to my understanding, 

sustainable development advocates for: 

Strongly 

agree 

Agree Not sure Disagree Strongly 

disagree 

8 Resilience to climate change and its 

impacts 
2 2 2 - - 

9 Full participation of women  0 4 2 - - 

10 Responsible  consumption and 

production patterns  

2 3 1 - - 

11 Preservation and restoration of the 

environment  

5 1 - - - 

12 Protecting and promoting human 

health  

4 2 - - - 

TOTAL ( Possible total of 72) 38 26 8 0 0 

All the participating chemistry teachers unanimously agreed that SD advocates for the 

maintenance of biodiversity, conservation of natural resources, recycling of waste products, 

the balance between use and regeneration of renewable resources, preservation and 

restoration of the environment and protecting and promoting human health. For the other 

statements, although most agreed with the statements, one or two of the teachers were not 

certain. 

Some participants were uncertain about SD advocating for poverty alleviation, transparency 

and accountability in government decision-making, a higher quality of life for all people, 

resilience to climate change and its impacts, the full participation of women and responsible 

consumption and production patterns. When analysing the statements that brought doubt to 

the teachers, it is evident that five of these six statements are based on the social aspect of 

SD. This evidence could show that the teachers are not familiar with the social aspect of 

sustainable development. Overall there was a higher level of agreement amongst the 

participants than uncertainty and disagreement. This evidence shows that Chemistry teachers 

are generally knowledgeable about the aspects for which SD advocates. 

The teachers who formed the focus sample were also given statements to assess their 

understanding of ESD. According to Burmeister et al. (2012), ESD focuses on preparing 

young people to become responsible citizens to ensure sustainability for both present and 

future generations. The teachers‘ opinions of ESD were found using statements about which 

participants were asked whether they agreed or not. Again these statements were taken from 

the UNESCO Sourcebook on ESD (2012), specifically from the ―Characteristics of ESD‖ 

section. Table 4.3 shows the responses of the teachers to the statements on ESD. 
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Table 4.3 

Participants‟ responses to the statements on education for sustainable development 

According to my understanding, 
education for sustainable 
development: 

Strongly 

agree 

Agree Not sure Disagree Strongly 

disagree 

1 Includes all three spheres of 

sustainability–economy, environment 

and society 

2 4 - - - 

2 Incorporates principles, perspectives 

and values related to sustainability 

2 3 1 - - 

3 Engages formal, non-formal and 

informal education 

- 4 1 1 - 

4 Integrates critical issues into the 

curriculum 

2 3 - 1 - 

5 Is locally relevant and culturally 

appropriate 

2 1 1 2 - 

6 Is interdisciplinary 2 2 2 - - 

7 Is student-centred 1 2 3 - - 

8 Uses pedagogies that promote 

participatory learning and higher 

order thinking skills 

3 1 2 - - 

TOTAL (Possible total of 48) 14 20 10 4 0 

It can be seen from Table 4.3 that all teachers agreed that ESD includes all three spheres of 

sustainability, i.e. economy, environment and society. This was the only statement that 

brought unanimous agreement amongst the chemistry teachers. The statements that had only 

one teacher either being unsure or disagreeing were that ESD incorporates principles, 

perspectives and values related to sustainability and integrate critical issues into the 

curriculum. Only four teachers believed ESD engages formal, non-formal and informal 

education, is interdisciplinary, and uses pedagogies that promote participatory learning and 

higher order thinking skills. Generally, the teachers did not understand that ESD is student-

centred, locally relevant and culturally appropriate.  

The responses from the table show that there were a higher number of incidents where 

teachers were either unsure or disagreed with the statements pertaining to ESD. When 

comparing the number of teachers agreeing on the statements about SD and ESD, the 

teachers‘ responses show that they generally have a better understanding of the aspects that 
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sustainable development advocates for, compared to the characteristics of education for 

sustainable development. This comparison was made because the researcher believed that the 

participants, being teachers and part of the education sector, might have been more aware of 

ESD than SD. 

4.3.1.2 Relevance of Sustainability to Chemistry Teaching 

The researcher used data from the screening questionnaire (Appendix A) to ascertain whether 

teachers considered sustainability relevant to their subject and their teaching. The questions 

asked were as follows:  

 Do you think sustainability issues are relevant to the subject you teach? 

 Which sustainability issues do you consider to be relevant to chemistry teaching? 

 Which of the sustainability issues mentioned above have you included in your 

teaching in the past? 

 Which of these Physical Science topics have you used to address sustainability 

issues? 

The researcher summarised the teachers‘ responses to these four questions in a table for this 

section. Although the questions in the questionnaire were open-ended, the responses mostly 

required the participants to give a list, and some of the mentioned points appeared more than 

once. The summarised responses in Table 4.4 give a picture of the participants' views 

regarding the relevance of sustainability to chemistry teaching, the sustainability issues they 

have included in their teaching and the chemistry topics from the EGCSE physical science 

syllabus previously used to address sustainability issues. For ease of identifying the correct 

respondents, the researcher placed codes in brackets. For example, Mrs Dlamini was Teacher 

A; therefore, her code was TA (See Table 4.1). 

From the responses, it can be seen that all teachers believe that sustainability is relevant to 

chemistry. The sustainability issues that the teachers considered most relevant to chemistry 

were conservation of natural resources, global warming, pollution, the use of renewable 

resources, and preservation and restoration of the environment. All of the sustainability issues 

mentioned by the teachers had been taught by at least one of the teachers during one of their 

chemistry lessons. 
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Table 4.4 

Participants‟ responses to the questions on integrating sustainability into their teaching 

Question Teachers’ responses 

Do you think sustainability issues are 

relevant to the subject you teach? 

All the teachers agreed on the relevance of sustainability 

to chemistry 

Which sustainability issues do you 

consider to be relevant to Chemistry 

teaching? 

- preservation and restoration of the environment [TF][TC] 

- the use and regeneration of renewable resources 

[TF][TC] 

-Energy(fuels and alternative sources) [TE] 

- land, water and air pollution [TD][TE] 

- Extraction of metals [TD] 

- Preservation of the ozone layer [TA] 

- Global warming [TA][TE] 

- Climate change [TC] 

- Conservation of natural resources[TA][TB][TC][TE] 

- Recycling of materials [TC] 

Which of the sustainability issues 

mentioned above have you included in 

your teaching in the past? 

 

- Ozone layer [TA] 

- Conservation of resources [TB] 

- Preservation and restoration of the environment, the use 

and regeneration of renewable resources,climate change, 

conservation of natural resources, recycling of materials 

[TC] 

Land, water and air pollution; extraction of metals [TD] 

-Pollution; fuels; conservation [TE] 

- No response [TF] 

Which of these Physical Science topics 

have you used to address sustainability 

issues? 

 

- Chemical reactions [ TC, TA,TE] 

- Acids, bases and salts [ TB, TE ]  

- Metals [TC, TB, TD, TE ] 

- Non-metals [ TA, TE ]  

- Organic chemistry [TD,TE] 

- No response [TF] 

 

The physical science EGCSE topics that the teachers chose as most suitable for integrating 

sustainability issues were chemical reactions, acids, bases and salts, metals, non-metals and 

organic chemistry. The choices made by the teachers show that they are knowledgeable about 

the content of the syllabus as these topics, especially the latter three, have greater 

opportunities for integration of sustainability issues. The issues mentioned by the teachers are 

mostly taught under one of three topics: metals, non-metals and organic chemistry. 
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4.3.1.3 Importance of Learning about Sustainability and Related Issues 

The issue of importance is not equivalent to relevance. An issue can be relevant to the 

students but not seen as important in the eye of the participant. According to Lachica et al. 

(2008), importance is not determined by the students‘ needs as they perceive them but rather 

by a larger group of people who are more knowledgeable about what those students may 

need. The question of whether the teachers thought it was important for students to learn 

about sustainability and its related issues was also asked in the questionnaire. All the teachers 

agreed that it is important for students to be taught about sustainability issues. Of the six 

teachers, one (TA) did not explain why she thought it was important. These are the reasons 

given by the five other teachers; 

―Students are the future policymakers and persons of influence in society‖ (TE) 

―To help make use of our natural resources without exhausting them‖ (TF) 

―We are currently faced with the problem of global warming which has resulted in 

change in weather patterns and natural disasters. If students and everyone is aware, it 

would make a big difference‖ (TB) 

―So that they can be part of the practices and implementation of sustainable 

development strategies‖ (TC) 

―They are [the] current generation to take forward the message to the next generation‖ 

(TD) 

All of these reasons given by the teachers emphasise their understanding of the important role 

that students must play in caring for the environment, passing the message of sustainability 

forward and conserving resources so that future generations can also benefit from them. 

4.4 Data Collected From the Pre-PDI Questionnaire 

Before the professional development intervention, the six participating teachers were asked to 

respond to the pre-PDI questionnaire (Appendix C). The questions focused on obtaining 

information from the teachers about what they would consider when teaching lessons on the 

extraction of metals with a particular focus on its impact on the environment and 

conservation of resources. This questionnaire‘s responses helped the researcher establish the 

teacher‘s initial pPCK about environmental sustainability. 
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4.4.1 Layout of Data from the Questionnaire 

The CoRe-prompts (Loughran et al., 2004) were modified to come up with the questions used 

in a questionnaire format. These questions each fall under a category that is a component of 

PCK (Chan et al., 2019). Table 4.5 shows the alignment of the questions in the questionnaire, 

the questions from the CoRe and the components of PCK. This alignment played a significant 

role in how the researcher presented the data from the questionnaires. When presenting the 

data, each participant's responses to the questions were discussed under subheadings that are 

the components of PCK. 

Table 4.5 

Alignment of questions in the pre-PDI questionnaire to PCK components and CoRe questions 

Component of 

PCK in Grand 

rubric 

(Chan et al., 

2019) 

CoRe 

(Loughran et al., 

2004) 

Question(s) 

Curricular 

saliency 

What do you intend 

the students to learn 

about this idea? 

* What are you going to teach learners about ‘Extraction 

of metals’? 

* What concept(s) need to be taught to learners before 

teaching them about ‘Extraction of metals’? 

Why it is important for 

students to know this. 

* In the EGCSE curriculum, environmental issues are 

included (See outcome 6 and 7 above). Do you agree 

with this inclusion and why? 

* Why is it important for students to know about 

conserving resources and the impact that mining has on 

the environment? 

Student 

understanding 

of science 

Difficulties/ limitations 

connected with 

teaching this idea. 

* What do you consider difficult about teaching 

conserving resources? Why? 

* What do you consider difficult about teaching the 

environmental impact of mining? Why? 

Knowledge about 

students’ thinking 

which influences your 

teaching of this idea. 

* What are typical student misconceptions you encounter 

when teaching about conserving resources and the 

impact that mining has on the environment? 

Specific ways of 

ascertaining students’ 

understanding or 

confusion around this 

idea (include likely 

range of responses) 

 

* What types of questions would you use to access 

student thinking and understanding about conserving 

resources and the impact that mining has on the 

environment? 
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Component of 

PCK in Grand 

rubric 

(Chan et al., 

2019) 

CoRe 

(Loughran et al., 

2004) 

Question(s) 

Conceptual 

teaching 

strategies 

Teaching procedures 

(and particular reasons 

for using these to 

engage with this idea). 

* What teaching strategies would you use to teach 

conserving resources? Why? 

* What teaching strategies would you use to teach the 

environmental impact of mining? Why? 

* What questions, related to environmental sustainability, 

would you consider important to ask your learners during 

your teaching? 

* What representations (analogies, examples, diagrams, 

etc.) would you use during your teaching conserving 

resources? Why? 

* What representations would you use during your 

teaching the environmental impact of mining? Why? 

* In what ways would you assess student thinking and 

understanding about conserving resources and the 

impact that mining has on the environment? 

 

4.4.2 Analysis of Data from the Pre-PDI Questionnaire - The PCK Rubric 

The data from the questionnaire was analysed using a PCK rubric (Appendix H). The rubric 

was based on the grand rubric proposed by Chan et al. (2019). This grand rubric proposes 

five knowledge components of PCK; knowledge and skills related to Curricular Saliency, 

knowledge and skills related to Conceptual Teaching Strategies, knowledge and skills related 

to Student Understanding of science, and integration between PCK components and 

pedagogical reasoning. As the researcher only focused on the teachers‘ pPCK and ePCK 

during the planning phase of teaching, the component that deals with the integration between 

PCK components was not included. The reasoning behind this was that the best way for a 

teacher to reveal this component is through teaching a concept, which the participants in this 

study have not done. Also, the complex nature of this component would require a rubric of its 

own (Chan et al., 2019). Although the researchers who proposed the grand rubric believed 

that pedagogical reasoning takes place during the manifestations of all other components, 

they positioned the PCK component of pedagogical reasoning as a standalone component. 

During the construction of the PCK rubric used in this study, the researcher opted to 

incorporate pedagogical reasoning into its respective components. This meant that the rubric 

level indicators catered for pedagogical reasoning within each of the other three components 

that were part of the rubric.  
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The researcher adapted the grand PCK rubric template (Chan et al., 2019) and used it to score 

teachers‘ responses to the questionnaire. Each question was aligned to the PCK component 

prompts and then rated using a four-point scale with scores of 1 for limited, 2 for basic, 3 for 

developing and 4 for exemplary (Park et al., 2011). Before the scoring commenced, the rubric 

was discussed by three people, and this discussion led to changes being made to the rubric. 

The scoring process began with the researcher giving scores for one participant. These scores, 

together with the rubric and questionnaire, were then sent to two people who went through 

the researcher‘s scores and scored the participants' responses. Discussions on the three sets of 

scores led the researcher to work on how the rubric could be streamlined to ensure that the 

categories were distinct. Once further changes were made, the scoring process started again, 

and more discussions followed. Throughout the scoring process for all participants, the rubric 

was constantly changed, and scores were reconsidered. A detailed description of the 

validation of the rubric and the scoring was given and can be found in Section 3.9 in Chapter 

3. 

Once the component responses were scored, the average for each PCK component was found. 

The researcher chose to use score averages that were to one decimal place so that during the 

comparison of the pre- and post-PCK scores, even the slightest change to the teachers‘ PCK 

could be observed. Although most PCK studies have used whole numbers to represent pre- 

and post- PCK (Makhechane & Mavhunga, 2021; Mavhunga, 2019a), there have been some 

that have used decimals (Mazibe et al., 2020). Since the focus of this study was on the 

possible development of a teacher‘s pPCK after a PDI, any development, whether minimal or 

major, is of importance to the researcher. The use of whole numbers could conceal the fact 

that there was some development, and therefore averages that were to one decimal place were 

used. Figure 4.2 below shows a section of the rubric which considers a teacher‘s knowledge 

of student thinking in relation to the sustainability topics. The full rubric can be viewed in 

Appendix H. 
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Figure 4.2 

Section of the PCK rubric showing teacher‟s knowledge and skills related to student thinking 

 

To further assist the researcher with the scoring process, the researcher used model answers 

and a master CoRe (Appendix I) that had been created by the researcher with a collection of 

chemistry educatorss and validated by one of the supervisors who is a chemistry education 

expert. These answers are an extensive yet not exhaustive representation of the collective 

PCK (cPCK) about environmental sustainability in the extraction of metals. 

4.4.3 Teachers’ PCK, as Revealed in the Pre-PDI Questionnaire 

As the design of this study was a holistic multiple case study, the questionnaire data from 

each participant was treated as an individual case so that the researcher could compare the 

cases and draw a general conclusion. As mentioned above, the responses from each 

participant were discussed using the components of PCK as themes. Once the data from the 

questionnaire had been presented, the analysis of the observations made on the teacher‘s 

initial PCK using the rubric were summarised in a table. 
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4.4.3.1 PCK Revealed in Mrs Zikalala’s Pre-questionnaire 

4.4.3.1.1 Curricular Saliency 

The four concepts that Mrs Zikalala listed as being most important in her teaching were 

“occurrence of metals on the Earth‟s crust; methods of extraction of metals; the reactivity 

series in relation to method of extraction; and, resource management and impacts of the 

extraction”. The concepts given by Mrs Zikalala were appropriate, and both of the big ideas 

were mentioned. There was also sufficient evidence of sequencing of her concepts, showing 

that Mrs Zikalala‘s knowledge in this area is sufficient, and as such, she was scored a four. 

Figure 4.3 shows an extract of the rubric and the indicators for the level. 

Figure 4.3 

Rubric extract showing Mrs Zikalala‟s score for the area of new concepts 

 

When asked which concepts needed to be taught to learners before teaching the extraction of 

metals, Mrs Zikalala mentioned “the reactivity series of metals” and “chemical reactions 

[redox reactions]”. Although the concepts mentioned were appropriate, the list is not 

extensive. Since the topic ―redox reactions‖ appears before ―the reactivity series‖ in the 

EGCSE Physical science syllabus, we can conclude that there is no evidence of sequencing. 

For this reason, her knowledge of student pre-concepts was seen as basic, and she was scored 

a two. 

In response to whether environmental issues should be included in the EGCSE curriculum, 

Mrs Zikalala had the following to say, 

It is of paramount importance that learners understand the impacts of metal extraction 

[social, economic and environmental]. This is because mining contributes to erosion, 

deforestation, loss of biodiversity, high water usage, and water pollution, 
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contamination of soil, ground and surface water. All these in the long run can cause 

health problems which could affect everyone in society. (Mrs Zikalala) 

This response showed that Mrs Zikalala was aware of the environmental issues that stem 

from mining and the need for students to be made aware of these. Although the reason she 

gave was well articulated, her knowledge in this area was seen to be developing as the reason 

she gave was in line with only one of the aims of the EGCSE Physical science syllabus. As a 

result, she was scored a three. Figure 4.4 shows the aims of the syllabus including the one 

that Mrs Zikalala mentioned. 

Figure 4.4 

Model answer showing the aims of the EGCSE syllabus including the one Mrs Zikalala highlighted 

 

When giving reasons why she thought it was important for students to know about Big ideas 

A and B, she said, “this can help integrate science and technology into finding solutions... 

which can help the society” and “finding solutions with regard to mineral supply... and 

finding ways of minimising the environmental impacts of mining”. The reasons given by Mrs 

Zikalala were appropriate and show that she has an in-depth understanding of the link 

between environmental and social issues. Mrs Zikalala emphasised the importance of finding 

solutions to environmental and societal problems and as such, she was scored a four. 

4.4.3.1.2 Conceptual Teaching Strategies 

Mrs Zikalala gave a detailed account of the teaching strategies that she would employ when 

teaching the big ideas. The teaching methods she gave were discussion, presentation, inquiry, 

question and answer, and case studies. For Big idea A, she suggests starting with a discussion 

on resources. In this discussion, the students would be expected to come up with the effects 

of resource depletion and “recommendations of resource conservation and alternatives”. She 

continues, stating that the outcomes of the discussions will be shared with the rest of the class 

through presentations. An inquiry-based approach was chosen for Big idea B, as students 
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would “reflect on the different mining methods and...how waste is created and disposed of 

during the process of mining”. She also describes that students would use case studies to find 

the impacts of mining on the environment. The teaching strategies she chose were student-

centred, and her thorough description of how the strategies would be used gave a clear picture 

of learner involvement. In her reasoning, she did not emphasise the need for solutions to the 

problems that the students were finding and, as such, she was given a score of 3. 

Mrs Zikalala gave an extensive list of questions she considered important to ask during her 

teaching. The questions she mentioned were, ―What resources are largely used and why?”, 

“What resources are in danger of running out, and how could that impact us?”, “How can 

we minimise the impacts mining has had on the environment?”, “What alternatives can we 

use and how?”, and “What recommendations do you have on resources usage in relation to 

the impacts they have on the environment”. All the questions focused on the big ideas, and 

sequencing is evident. Figure 4.5 shows evidence of questions that encourage higher-order 

thinking and problem-solving skills; therefore, her questioning skills were scored a four. 

Figure 4.5 

Questions requiring problem-solving that Mrs Zikalala considers important to ask her learners 

 

Mrs Zikalala identifies images as her choice of representation for Big Idea A. The images 

would show ―the over usage of resources‖ and ―alternative energy sources‖. For Big Idea B, 

she listed two examples, a case study and a video. Her reason for using images for both ideas 

was to help learners “visualise these concepts and...aid its retention”. She mentioned that she 

hoped that the case studies would allow learners to work independently, and the video would 

promote critical thinking amongst the learners. This was an adequate selection of 

representations, and her description of how they would be used showed sufficient evidence of 

reasoning and how they would be used to develop concepts. The term ―adequate‖ is used in 

this descriptor to mean three or four, and ―extensive‖ has been used throughout the rubric to 

mean four or more. She was scored a 3 as her response to this question showed that she had a 
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developing knowledge of representations and how they can be used to support conceptual 

understanding. Figure 4.6 shows the rubric indicators for this score. 

Figure 4.6 

Rubric extract showing Mrs Zikalala‟s score for the area of representations under Conceptual 

Teaching Strategies 

 

When Mrs Zikalala was asked about the assessment methods that she would use during her 

teaching, she instead described the teaching resources that she would use. Although she went 

into detail about the ―images of alternative resources‖ and the ―case studies of areas and 

people affected by mining‖, there was no evidence of how these would be used to assess the 

students.  Figure 4.7 below shows that her incomplete response to this question led to a score 

of 1. 

Figure 4.7 

Mrs Zikalala‟s knowledge of assessment methods, as seen in the rubric 

 

4.4.3.1.3 Student Understanding 

When asked about the difficulties she faces when teaching, she says that the students have 

“minimal knowledge of resources used in the world”. She explains that this lack of 
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knowledge makes it difficult for her to teach Big Idea A, as it is unfamiliar to the students. 

When giving reasons why students could be unfamiliar with the content, she refers to 

students‘ lack of exposure to resources. Mrs Zikalala said she faced no difficulties pertaining 

to Big Idea B, especially if the concept was well explained and “learners thoroughly 

understand”. Even though she referred to an appropriate difficulty level when responding to 

this question, her reason for the difficulty was general and she showed little awareness of 

knowledge of student thinking. She was thus scored a two. 

When identifying typical misconceptions that students have about Big Ideas A and B, Mrs 

Zikalala was able to identify three misconceptions. The first one was that students believe 

that “mining always leaves the environment in a bad state”. The second misconception was 

since students know that mining has “detrimental effects on the environment, closed mines 

cannot be rehabilitated”. The third misconception based on Big Idea A, was that students 

believe that “alternative resources are expensive and therefore should not be considered”. 

From this response, it is evident that Mrs Zikalala‘s exemplary knowledge of student 

misconceptions, and she was scored a four. 

Mrs Zikalala lists the questions she would use to access student thinking as “progressive 

inquiry-based questions”. She continues to give an extensive list of examples of questions 

she would use (Figure 4.8). 

Figure 4.8 

The questions Mrs Zikalala would use to assess students‟ thinking 

 

 

The sequencing of the questions aims for gradual conceptual development of each big idea. 

Some of the questions discourage simplistic answers and encourage complex responses. Mrs 

Zikalala‘s knowledge of questioning in this area is exemplary, and she was scored a four. 



81 
 

4.4.3.1.4 Summary of Mrs Zikalala’s Initial PCK 

Table 4.6 shows a summary of Mrs Zikalala‘s initial PCK. This is the PCK that she revealed 

before undergoing the professional development intervention. 

Table 4.6 

A summary of the observations made on Mrs Zikalala‟s initial PCK using the rubric 

Component of PCK Score 

Overall 

score for 

PCK 

component 

Curricular saliency  

Concepts addressed when teaching 4 

Pre-concepts required by students 2 

Inclusion of environmental issues  3 

Importance of knowing about the big ideas 4 

 3.3 

Conceptual teaching strategies  

Teaching strategies/method 3 

Questions to be asked 4 

Representations 3 

Assessment strategies 1 

 2.8 

Student Understanding  

Difficulties 2 

Students’ misconceptions 4 

Questions to access thinking 4 

 3.3 

Overall initial PCK 3.1 

 

Mrs Zikalala‘s overall initial PCK was considered to be developing. The PCK components in 

which she achieved the highest scores were knowledge and skills related to the curricular 

saliency and the component of knowledge and skills related to student understanding. Her 

lowest score was in the component of knowledge and skills related to conceptual teaching 

strategies. 
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4.4.3.2 PCK Revealed in Mrs Dlamini’s Pre-questionnaire 

4.4.3.2.1 Curricular Saliency 

Mrs Dlamini was able to list the concepts to be addressed when teaching. The four most 

important concepts listed by Mrs Dlamini were “most metals exist as compounds, where are 

they found, how are metals obtained and effects of extraction on the environment”. Figure 4.9 

shows the model answers for this question and the concepts viewed as important when 

addressing the topic of extraction of metals. Although Mrs Dlamini‘s sequencing was found 

to be appropriate, more than one of the concepts that were viewed as important in the model 

answers and master CoRe were missing, and therefore she was scored a two.  

Figure 4.9 

Model answers showing the most important concepts that need to be taught when teaching the 

extraction of metals 

 

When asked which concepts needed to be taught to learners before the topicof the extraction 

of metals, she listed “the reactivity series, stoichiometry, chemical reactions, redox reactions 

and pollution”. This list is comprised of chemistry topics from the EGCSE syllabus. 

Nevertheless, the researcher concluded that even though the topics were appropriate, the 

sequencing of the ideas was not evident. For this reason, her knowledge of learners‘ pre-

concepts was seen as basic, and she was scored a two. Figure 4.10 shows how Mrs Dlamini 

was scored in this area. 
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Figure 4.10 

Rubric extract showing how Mrs Dlamini was scored a 2 in the area of pre-conceptions of students 

 

Mrs Dlamini agreed that environmental issues should be included in the curriculum because 

“resources take time to be formed, so need to be conserved” and “there are adverse effects 

on the environment”. Although her reasons were not well articulated in terms of teaching 

outcomes, her second point could be linked to the third aim of the EGCSE Physical Science 

syllabus, which is related to environmental sustainability. Mrs Dlamini was, therefore, scored 

a two. Figure 4.11 shows the aims of the syllabus that needed to be linked to these reasons.  

Figure 4.11 

Model answer showing the aims of the EGCSE syllabus that can be related to environmental 

sustainability. 

 

When giving her reasons why she thought it was important for students to know about Big 

Ideas A and B, Mrs Dlamini said, “to prevent depletion of resources and keep resources for 

future generations”. Although this reason was well formulated, there was no link to the role 

students should play. There was also no evidence of a link between the big ideas and the 
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environment, the society or the economy that would directly affect the students. Also, Big 

Idea B was also not considered in her response, and thus Mrs Dlamini was scored a two. 

4.4.3.2.2 Conceptual Teaching Strategies 

When selecting teaching strategies that would be employed when teaching Big Idea A, Mrs 

Dlamini provides discussion and use of diagrams. She listed field trips and discussions for 

teaching Big Idea B (See Figure 4.12). The chosen strategies were considered general, and 

there was no evidence that her teaching strategies would encourage critical thinking and 

problem-solving. Her reasoning behind her choice of teaching strategies seemed incomplete 

and showed no consideration of the other topic-specific PCK components. As such, her 

knowledge of appropriate teaching methods was considered to be basic and she was scored a 

two. 

Figure 4.12 

Mrs Dlamini‟s responses to the question on teaching strategies 

 

Mrs Dlamini listed three questions that she thought would be important when teaching the big 

ideas. All three questions focused on Big Idea A. Her questions were, “Why is it important to 

conserve resources?”, “If the resources are depleted, what could be the effect?” and “What 

other aspects of SD are affected when these resources are depleted?”. These questions were 

sequenced appropriately and although there was evidence that her questions may elicit some 

higher order thinking from the students, there was no evidence of questions that would 

require problem-solving. Also, her questions addressed only one of the big ideas, and as such, 
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the teacher was given a score of two. Figure 4.13 shows the rubric blocks and the indicators 

for the level. 

Figure 4.13 

Rubric extract showing Mrs Dlamini's scores for the area of questioning under Conceptual Teaching 

Strategies 

 

 

Mrs Dlamini identifies diagrams as her choice of representation for both Big Ideas A and B. 

She also describes what the diagrams will be showing. For Big idea A, she says the diagram 

“compares the areas of mining before and after mining”, and for Big Idea B, the diagram 

shows “sinkholes, soil erosion, loss of vegetation, deforestation”. Although these 

representations were considered appropriate, she does not specify how she will use them or 

why she believes these diagrams will support students‘ understanding of the big ideas. She, 

therefore, was scored a two on her knowledge of representations that would support her 

teaching. 

When asked about the methods she would use to assess student understanding of the big 

ideas, Mrs Dlamini showed no evidence of knowing appropriate methods. She instead listed 

representations and teaching methods by saying, “handout on mining for reading, diagrams, 

videos, fieldtrips, class discussions”. She did not explain how these would be used to assess 

students' understanding. From these responses, there is a lack of evidence of her knowledge 

of ways to assess learners‘ conceptual understanding of the big ideas; therefore, as seen in 

Figure 4.14, she was scored a one. 
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Figure 4.14 

Rubric block showing how Mrs Dlamini was scored a one on her knowledge of assessment methods 

 

4.4.3.2.3 Student Understanding 

Mrs Dlamini states that what she finds difficult to teach students about Big Idea A is that 

“mining of resources should be reduced or stopped”. The reason given for the difficulty was 

that “this industry (mining) creates a lot of money for the country and gives jobs to people 

who support their families”. She also finds it difficult to teach the “loss of diversity” about 

Big idea B. Her reason for the difficulty experienced when teaching about the loss of 

biodiversity was “the learners take it as if, since it (mining) is done in the mountains it has 

less effect on them, yet it is important for the balance of the ecosystem i.e. food webs and food 

chains”. Although the difficulty mentioned for Big Idea A was neither conceptual nor 

contextual, Mrs Dlamini‘s challenge was apparently more of a moral issue. She supposedly 

finds it difficult to explain to a student the negative issues associated with mining when the 

livelihood of the student‘s family depends on mining. Despite giving an appropriate difficulty 

for Big Idea B, it was not clearly formulated, and the reasons were generic; thus, she was 

scored a two. 

When asked about typical misconceptions that students have with regard to Big Ideas A and 

B, Mrs Dlamini referred to students believing that the damages caused by mining were 

“permanent”. Figure 4.15 shows suggestions of misconceptions in the master CoRe. The 

misconception identified by Mrs Dlamini is in line with the misconception underlined in 

Figure 4.15. 

 



87 
 

Figure 4.15 

Some students‟ misconceptions about conserving resources and the impact that mining has on the 

environment 

 

Although she could identify a misconception, it was not well formulated. This shows that she 

has basic knowledge about her students‘ misconceptions and was therefore given a 2.  

Mrs Dlamini listed the questions that she would use to assess students‘ thinking. The 

questions “how does mining affect the people, animals, plants, environment?” and “what 

changes are brought by mining to that area?” will possibly elicit similar responses from the 

students, so they will be regarded as one question. The other question mentioned by Mrs 

Dlamini was “what measures can be done to reduce the damages caused by mining on the 

environment?” This question will encourage students to solve the problems caused by 

mining. Although the questions used interrogative pronouns appropriate for eliciting student 

understanding and were in line with the teaching strategies she planned to use, the list of 

questions was not extensive. Therefore, she was scored a 3 for knowledge of questioning to 

assess student thinking. 

4.4.3.2.4 Summary of Mrs Dlamini’s Initial PCK 

Table 4.7 shows a summary of Mrs Dlamini‘s initial PCK she revealed before undergoing the 

professional development intervention. The table shows the scores allocated to the responses 

given by Mrs Dlamini. 
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Table 4.7 

A summary of the observations made on Mrs Dlamini‟s initial PCK using the rubric 

Component of PCK Score 

Overall 

score for 

PCK 

component 

Curricular saliency  

Concepts addressed when teaching 2 

Pre-concepts required by students 2 

Inclusion of environmental issues  2 

Importance of knowing about the big ideas 2 

 2.0 

Conceptual teaching strategies  

Teaching strategies/method 2 

Questions to be asked 2 

Representations 2 

Assessment strategies 1 

 1.8 

Student Understanding  

Difficulties 2 

Student misconceptions 2 

Questions to access thinking 3 

 2.3 

Overall initial PCK 1.9 

 

Mrs Dlamini‘s overall initial PCK was considered to be basic. The PCK component in which 

she had the highest score was knowledge and skills related to the curricular saliency of the 

topic. Her lowest score was in the component of knowledge and skills related to conceptual 

teaching strategies. 

4.4.3.3 PCK revealed in Mr Mavuso’s Pre-questionnaire 

4.4.3.3.1 Curricular Saliency 

Mr Mavuso named the most important concepts he would address when teaching as “the 

reactivity series of metals (their reaction with moisture and oxygen); the ease of extracting 

metals from their ores, in relation to their position in the reactivity series; and the preferred 

methods of extraction, in relation to the position of the metal in the reactivity series”. The 
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first concept is normally taught before the topic of extraction of metals and is considered to 

be a concept that is required by students to understand the topic of instruction. The second 

and third concepts will be considered as one because they both referred to the extraction of 

metals “in relation to their position in the reactivity series”. For his fourth most important 

concept, Mr Mavuso referred to both big ideas by stating “the impact of mining on the 

ecosystem and ways to conserve the ecosystem”. Although the ideas identified were 

appropriate and sequencing was evident, an important idea was missing.  Figure 4.16 is an 

extract of the model answers showing any of the three concepts Mr Mavuso could have 

mentioned; where and how metals are found, extraction of iron using the blast furnace and 

minimising the effects of mining. His knowledge in the area of knowledge of concepts was 

seen to be developing, and he was scored a three. 

Figure 4.16 

An extract of the model answers showing concepts that Mr Mavuso was missing in his response 

 

 

When asked what pre-concepts he would require from his students, he responded by 

identifying two concepts, “reduction and oxidation in terms of oxygen loss/gain and electron 

transfer” and “electrolysis of molten compounds”. The concepts mentioned by Mr Mavuso, 

and their sequencing, were appropriate. His list of concepts was not extensive, and these 

made his knowledge in the area of student pre-concepts seem to be developing and he was 

scored a 3. Figure 4.17 shows how Mr Mavuso was scored in this area. 
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Figure 4.17 

Rubric showing how Mr Mavuso was scored a 3 in the area of students‟ knowledge of pre-

conceptions 

 

Mr Mavuso agreed with the inclusion of environmental issues into the curriculum. His 

reasoning for the inclusion referred to the fact that environmental issues are included in the 

subject of Geography and so students, “are able to understand the concept much better”. 

This reason was unclear and not linked to any of the EGCSE syllabus‘ aims, therefore, his 

knowledge in this area was seen as limited, and he was scored a one. Figure 4.18 below 

shows the aims of the EGCSE syllabus that needed to be linked to the reasons. 

Figure 4.18 

Model answer shows the EGCSE syllabus's aims that can be related to environmental sustainability 

 

When asked why it is important for students to know about Big Ideas A and B, Mr Mavuso 

responded, “The world is experiencing food shortages and extinction of species due to global 

warming/climate change, so learners need to understand the importance of conservation”. 

From this response, it is evident that Mr Mavuso is aware of the link between social and 

environmental issues. He also describes the student‘s role by adding that they should 

―partake in the campaign to curb the effects of climate change”. His response showed that his 

knowledge in this area was developing, as his role for students did not relate to any of the big 

ideas. He was, therefore, scored a three. 
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4.4.3.3.2 Conceptual Teaching Strategies 

When selecting the teaching strategies that he would use to teach on the big ideas, Mr 

Mavuso‘s response mentions one strategy for each of the big ideas. For Big idea A, he 

mentioned student-led discussions, and his justification for using these was that “exchanging 

roles helps learners to understand the information better”. He did not elaborate on the roles 

or the information to which he referred. The teaching strategy he chose for Big idea B was 

visualisation. He described that the learners would “observe sample pictures of an 

environment before and after a mining operation”, and that using visualisation as a teaching 

strategy would “help learners retain the information for a longer time”. The strategies were 

appropriate but considered to be general, as there was insufficient evidence from his response 

to decide whether they would be used in a student-centred manner. The reasons for choosing 

these strategies were generic as they were not aligned to ESD. He was, therefore, scored a 2, 

as his knowledge in the area of conceptual teaching strategies was seen as basic. 

The questions that Mr Mavuso thought would be important to ask his learners during his 

teaching of the big ideas were, “How do trees help in controlling global warming? Explain 

their role”, and “Explain the importance of recycling non-biodegradable matter such as 

plastics and bottles”. Although there was evidence that these questions would require higher 

order thinking, neither explicitly referred to Big Ideas A and B; however, they did refer to 

sustainability issues captured in other topics in the EGCSE physical science syllabus. Mr 

Mavuso‘s knowledge in the area of questioning was found to be basic, so he scored a two. 

The extract from the PCK rubric in Figure 4.19 shows the indicators that led to this score. 

Figure 4.19 

Rubric block showing how Mr Mavuso was scored a 2 on his knowledge of questioning 
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The representations that Mr Mavuso chose to use for both his big ideas were examples and 

pictures. For big idea A, he selected the example of the nature and game reserves in Eswatini 

that are used to conserve endangered species of plants and animals. He continued to say that 

pictures showing conserved and extinct species would give learners more clarity. For Big 

Idea B, Mr Mavuso said he would use examples of coal and quarry mines in Eswatini and ask 

learners to “describe the condition of the air, land and water near the mines”. He again 

mentioned the use of pictures that would show an ecosystem polluted by a mining operation. 

His reason for using examples for both Big Ideas A and B was, “these examples are relevant, 

and places learners are familiar with”. Descriptions of his representations and how they 

would be used were insufficient because his reasoning for his choice of representations was 

inadequate, and there was no evidence of how he would use these representations to support 

conceptual understanding. His knowledge in the area of representations was seen as basic, 

and he was scored a two. 

When asked about the methods he would use to assess learner understanding of the big ideas, 

Mr Mavuso listed two methods, “assignments” and “classwork and homework”. These 

assessment methods are general, and his descriptions of how these assessments would be 

used were inadequate and did not indicate how they are linked to the big ideas (See Figure 

4.20). His knowledge of assessment was, therefore, scored a two, as it was seen as basic.  

Figure 4.20 

Mr Mavuso‟s methods of assessment 

 

4.4.3.3.3 Student Understanding 

Mr Mavuso states that what he finds difficult to teach about Big Idea A is “the difference 

between renewable and non-renewable resources”. His reason for the difficulty was that 

learners tend to confuse the two, and therefore “more emphasis with examples is needed”. 

For Big Idea B, Mr Mavuso says he finds it difficult “explaining the difference between 
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effects and impacts of mining”. His reason for this difficulty was the same as for Big Idea A 

as he said that “more emphasis is needed in explaining”. Figure 4.21 shows model answers 

with regards to difficulties related to learners. The difficulties mentioned by Mr Mavuso were 

appropriate, as this difficulty is related to students‘ misunderstanding of terms, as well as the 

teacher‘s difficulty in explaining the terms. 

Figure 4.21 

Model answers showing difficulties that can be related to students 

 

Despite giving appropriate difficulties, there was no evidence in his response of 

understanding why the students were finding it difficult to differentiate between the terms. As 

such, his knowledge of teaching difficulties was seen as basic and he scored a two. 

When identifying the misconceptions he may encounter during his teaching, Mr Mavuso 

describes “confusing effects with impacts”. As mentioned above, a misunderstanding of 

terminology can be viewed as a teaching or learning difficulty rather than a misconception. 

For this reason, his knowledge of misconceptions was viewed as basic, and he was scored a 

two. 

When asked about the questions he would use to elicit student thinking, Mr Mavuso lists 

“problem-solving” and “inference” questions. Although the type of questions he gave would 

encourage complex thinking, he did not give examples of the actual questions he would ask 

and therefore scored a one. 

4.4.3.3.4 Summary of Mr Mavuso’s Initial PCK 

Table 4.8 shows a summary of Mr Mavuso‘s initial PCK that he revealed before undergoing 

the professional development intervention.  
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Table 4.8 

A summary of the observations made on Mr Mavuso‟s initial PCK using the rubric 

Component of PCK Score 

Average 

score for 

PCK 

component 

Curricular saliency  

Concepts addressed when teaching 3 

Pre-concepts required by students 3 

Inclusion of environmental issues 1 

Importance of knowing about the big ideas 3 

 2.5 

Conceptual teaching strategies  

Teaching strategies/ method 2 

Questions to be asked 2 

Representations 2 

Assessment strategies 2 

 2.0 

Student Understanding  

Difficulties 2 

Students misconceptions 2 

Questions to access thinking 1 

 1.7 

Overall initial PCK 2.1 

 

Mr Mavuso‘s overall initial PCK was considered to be basic. The PCK component in which 

he had the highest score was knowledge and skills related to the curricular saliency of the 

topic. His lowest score was in the component of knowledge and skills related to students‘ 

understanding. 

4.4.3.4 PCK revealed in Mr Cele’s Pre-questionnaire 

4.4.3.4.1 Curricular Saliency 

Mr Cele listed the concepts that he viewed as being important to the teaching of extraction of 

metals. His chosen concepts were “the reactivity series of metals, extraction processes from 

the different ores of metals, the importance of conservation of resources, and the positive and 

negative environmental impact of mining”. All the ideas identified by Mr Cele were 
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appropriate, and a sequencing of the ideas was evident. He believed that those ideas directly 

linked to sustainability were important to his teaching, and as such, he mentioned both big 

ideas. Mr Cele‘s knowledge in this area was seen as exemplary. The rubric extract in Figure 

4.22 shows the indicators that led Mr Cele to score a four. 

Figure 4.22 

Rubric indicators showing Mr Cele's exemplary knowledge of concepts to address when teaching 

 

When asked which concepts needed to be taught to learners before the topic of the extraction 

of metals, he responded by listing “the reactivity series of metals” and “reactions of metals”. 

Although the list is not extensive, the concepts he mentioned are appropriate as they are a 

prerequisite to teaching this topic. The sequencing of the ideas is not evident as knowledge of 

reactions of metals is a required pre-concept to place the metals in order of their reactivity. 

Mr Cele's knowledge in the area of student pre-concepts was seen as basic, and he was scored 

a two. 

Mr Cele agreed that it is important for environmental issues to be included in the curriculum 

and that it should be a topic on its own. His reason for the inclusion was, “there are a lot of 

pollutants and some are emerging because of advances in technology”, and it can “sensitise 

the issue of the impacts of mining”. He added that it could “help contextualise the subject, 

chemistry, in learners”. His reasons were well articulated, and his first two reasons were in 

line with one of the aims of the EGCSE syllabus. Mr Cele was scored a 3 for his knowledge 

in this area as it was seen as developing (See Figure 4.23). 
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Figure 4.23 

Mr Cele‟s score for his reasons for the inclusion of sustainability issues into the curriculum 

 

When asked why it is important for students to know about Big Ideas A and B, Mr Cele gave 

the following response, 

The negative impact of unsustainable utility of natural resources is very close to 

students‟ lives. The occurrence of natural disasters, outbreaks/pandemics and climate 

changes due to greenhouse gas emissions, water, land and soil pollution, all impact their 

daily lives. (Mr Cele). 

Although his response does not link to the students‘ intended role in sustainable development, 

it shows that Mr Cele is aware of several sustainability issues and the relationship between 

environmental and social issues. His knowledge and reasoning in this area were seen as 

developing, and he was scored a three. 

4.4.3.4.2 Conceptual Teaching Strategies 

The teaching strategies Mr Cele chose to employ when teaching Big Idea were classroom 

discussions and site visits. While teaching Big Idea B, he would use group presentations 

(PowerPoint), storytelling and demonstrations. In his response, Mr Cele admits to having 

used the lecture method in the past but claims the learners could not relate to the concepts and 

“couldn‟t make connections with their everyday life experiences”, thus, he decided to change 

his strategy. His reasons for choosing these strategies were “for relevance”, to encourage 

learners to research, share information and “help in correcting misconceptions”. Although 

his reasons were not aligned with ESD, group presentations are considered student-centred 

and inquiry-based as they require the students to conduct research to find information and 

visual representations. Mr Cele could give brief explanations of the roles the students would 

play, and he was scored a 3 as his knowledge of teaching strategies was seen as developing. 

Figure 4.24 shows a rubric extract with the quality indicators for his score. 
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Figure 4.24 

Mr Cele‟s rubric score pertaining to his knowledge of teaching strategies and questioning 

 

When asked about the questions he considered important to ask during his teaching, he gave 

four questions. In his first question, he focuses on helping students develop ideas to promote 

sustainability by talking about the availability of apples for future generations (See Figure 

4.25). The second question he considered was, “differentiate between renewable and non-

renewable resources”. Another question prompted students to give examples of natural 

resources and describe “what practices are being put in place to ensure that the mentioned 

resources are sustainably utilised”. In his final question, Mr Cele describes how plastics 

manufacturing has shifted from using non-renewable to renewable resources. He then 

prompts students to ―give another example of environmental sustainability and explain why 

you think its manufacture or use is sustainable”. Figure 4.25 below shows Mr Cele‘s 

complete response. 
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Figure 4.25 

Mr Cele‟s response showing the questions he considered important to ask during his teaching 

 

Mr Cele's questions were only related to Big Idea A, and although some of the questions 

required critical thinking, there was no evidence of them requiring the students to solve 

problems. Mr Cele‘s knowledge in the area of questioning was seen as basic, and he was 

scored a two. 

When listing the representations he would use when teaching the big ideas, Mr Cele did not 

give an extensive list. For Big Idea A, he suggested three representations, of which only the 

“picture of wild animals in a zoo or game reserve” and a “diagram [picture] of people using 

firewood” were actual representations. His third suggestion was a story which culminated in 

a question. Mr Cele stated that for Big Idea B, “an animation can be perfect”. This animation 

would cover “how a mine is established, developed and run [managed]”. Although the 

representations were appropriate for the big ideas, the selection and description of how these 

representations would be used were inadequate. His justification for his choice of 

representations was insufficient, and in an attempt to justify his use of a diagram, he reveals 

his own misconception. Figure 4.26 shows part of Mr Cele‘s response in which he states that 

firewood is a non-renewable resource. 
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Figure 4.26 

Mr Cele‟s response showing his justification for using diagrams as a representation 

 

Mr Cele‘s knowledge in the area of representations was seen as basic, and as such, he was 

scored a two. 

When asked about the assessment strategy he would use, Mr Cele mentioned he would 

narrate different scenarios and “ask learners to identify resources that need to be conserved 

and explain how”. Although this assessment strategy is linked to one of the big ideas, he 

mentioned only one assessment, and as such, he was scored a two. 

4.4.3.4.3 Student Understanding 

Mr Cele identified three difficulties in teaching Big Idea A. The first was based on the 

challenges he faces when explaining the concept of conservation of resources. He states that 

“the obvious example is the conservation of biological species in game reserves”, and he 

finds it difficult to explain “the concept in relation to metal extraction”. He also found that, 

when referring to conservation sites/areas, students had difficulty because they ―couldn‟t 

think that wild animals and wetlands are being protected by law to avoid their extinction, 

instead they think that it is done to attract tourists and make money”. The third difficulty Mr 

Cele mentioned was that “there are limited resources in the country so learners may not 

understand about resources”. In response to difficulties pertaining to Big Idea B, he 

identified two difficulties. He said it was ―difficult for learners to associate mining with 

environment effects”. His reason for this difficulty was that “we have few mines in the 

country, and most learners have not visited these places”. The other difficulty he mentioned 

was that “learners do not have background information on mining”. Mr Cele identified 

difficulties that were related to the key ideas. Although the reasons for the difficulties were 

contextual and did not show awareness of difficulties associated with the learning of concepts 

(curricular saliency), they did show an awareness of students‘ thinking. Mr Cele‘s knowledge 

in the area of difficulties was seen as developing, and he was scored a three. Figure 4.27 

shows the rubric indicators which led to this score.  
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Figure 4.27 

Rubric indicators showing how Mr Cele scored a two on student difficulties 

 

Mr Cele was unable to put forward the misconceptions he encountered when teaching about 

Big Ideas A and B. However, he identifies students‘ difficulty to “make the link between 

recycling and conservation”. His response showed no indication of knowledge about 

misconceptions; therefore, he was scored a one. 

When Mr Cele was asked about the questions he would use to assess student thinking, he 

gave two examples: “how could you ensure conservation of [a] named natural resource?”, 

“What do you think are the environmental impacts of deforestation?”. Although these 

questions were appropriate for eliciting student thinking, there was no evidence of how these 

questions were linked to student understanding or the conceptual teaching strategies he would 

have used. Mr Cele‘s knowledge in assessing student thinking was seen as basic and as such, 

he was scored a two. 

4.4.3.4.4 Summary of Mr Cele’s Initial PCK 

Table 4.9 summarises the scores allocated to the responses given by Mr Cele. It shows Mr 

Cele‘s initial PCK per component and the overall initial PCK he revealed before undergoing 

the professional development intervention.  
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Table 4.9 

 A summary of the observations made on Mr Cele‟s initial PCK using the rubric 

Component of PCK Score 

Overall 

score for 

PCK 

component 

Curricular saliency  

Concepts addressed when teaching 4 

Pre-concepts required by students 2 

Inclusion of environmental issues  3 

Importance of knowing about the big ideas 3 

 3.0 

Conceptual teaching strategies  

Teaching strategies/method 3 

Questions to be asked 2 

Representations 2 

Assessment strategies 2 

 2.3 

Student Understanding  

Difficulties 3 

Student misconceptions 1 

Questions to access thinking 2 

 2.0 

Overall initial PCK 2.4 

Although Mr Cele‘s overall initial PCK was considered to be basic, his initial PCK in the 

component of knowledge and skills related to the curricular saliency of the topic was found to 

be developing. His lowest score was in the component of knowledge and skills related to 

student understanding. 

4.4.3.5 PCK revealed in Ms Dube’s Pre-questionnaire 

4.4.3.5.1 Curricular Saliency 

Ms Dube named the most important concepts she would address when teaching extraction of 

metals as “Oxidation/reduction, Electrolysis, Methods of extracting metals”, and 

“Conservation of environment”. The first and second concepts are normally taught before the 

topic on the extraction of metals as students need them to understand the topic of instruction. 

As such, they are not considered pre-concepts but rather new knowledge to be taught. The 
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third concept is considered as an appropriate idea, and the fourth idea refers to one of the big 

ideas. Based on only the third and fourth ideas identified being appropriate, sequencing was 

evident. There was more than one important idea missing, and as such, her knowledge of 

concepts to be taught was seen to be basic, and she was scored a two. Figure 4.28 below 

shows how Ms Dube was scored in this area. 

Figure 4.28 

Rubric showing how Ms Dube was scored a two in the area of knowledge of important concepts 

 

When asked what concepts needed to be taught to learners before teaching them about metals 

extraction, she identified three concepts. The concepts were“physical and chemical 

properties of metals, oxidation/reduction”, and “the reactivity series of metals”. All the 

concepts mentioned by Ms Dube are required to understand the topic and sequencing is 

logical. Her list of concepts was not extensive, giving her a score of 3 as her knowledge in 

this area was seen as developing.  

Ms Dube agreed with the inclusion of environmental issues into the curriculum. Her 

reasoning for the inclusion was that learners “need to be aware that some aspects of 

chemistry have an impact on the environment”. She continued to say that “they need the 

knowledge on these impacts and possible ways that can be undertaken to minimise the effects 

on the environment”. She concluded her response by saying that “they should ensure that the 

environment is protected at all costs”. Figure 4.29 below shows her full response. All of the 

reasons she provided were linked to three of the aims of the EGCSE syllabus. Ms Dube's 

knowledge of the inclusion of environmental issues into the curriculum was exemplary and 

she scored a four. 
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Figure 4.29 

Ms Dube's response on the inclusion of environmental issues into the curriculum 

 

 

When asked why it is important for students to know about Big Ideas A and B, Ms Dube 

responded by saying, “the students know that the resources, if not conserved, can run out 

since they are not man-made, hence appreciate the importance of conserving them”. She 

added that “leaners will recognise that mining sites should be chosen carefully such that 

[they are] not situated in areas where humans, animals as well as the environment itself will 

be negatively affected”. Ms Dube then decided to list five points. The first three were ―For 

environmental sustainability, For maintaining biodiversity”, and “Conserving resources 

means that the impact of mining on the environment can be reduced”. All of her reasons are 

generic, and there is no evidence of knowledge of the need for skills that the students should 

develop to achieve these. The last two points were: 

To avoid activities that destroy the environment as the rehabilitation of the resources 

causes [the] state a lot of money; conserving resources may also bring more revenue 

to the country since most of the species, sites and places of attraction will attract 

more visitors hence increased revenue and economic growth for the country. (Ms 

Dube) 

Although, from these last two reasons, it is evident that Ms Dube is aware of the link between 

economic and environmental issues as it benefits the country. However, she does not clarify 

how these reasons are directly linked to the students. Her knowledge in this area was seen as 

basic, and she was scored a two. 
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4.4.3.5.2 Conceptual Teaching Strategies 

When selecting the strategies she would use to teach the big ideas, Ms Dube opted to use the 

same strategy for both of the big ideas. For Big Idea A, the learners would be given 

“examples of resources available in the country”, after which they would choose one “of the 

listed resources and make a full presentation about it”. For Big Idea B, the learners would 

“choose one mining site in Swaziland and research about how mining has affected the 

surrounding environment in relation to vegetation, human beings and animals”. This would 

also be followed by a presentation. For both ideas, the students would be given guiding 

questions. Also, for Big Idea B, the presentations would be followed by a worksheet with 

“diagrams and questions which will prompt learners to identify how mining has changed the 

environment and how the environment can be restored”. Although the strategy was 

appropriate, and there was evidence from her response that showed learner involvement, she 

only gave justification for her choice of strategy for Big Idea B. She was, therefore, scored a 

2, as her knowledge in the area of conceptual teaching strategies was seen as basic. 

The questions that Ms Dube thought would be important to ask her learners during her 

teaching of the big ideas were, “What [do] learners understand environmental sustainability 

means? What does environmental sustainability mean for the state, economy and 

environment? What human activities affect environmental sustainability?” and “How can 

learners improve/ensure environmental sustainability and possible challenges they can 

face?” 

Although there was evidence that these questions would require higher-order thinking, 

neither of the questions explicitly referred to Big Ideas A or B. The questions are general and 

as such Ms Dube‘s knowledge in the area of questioning was found to be limited and she was 

scored a one. The extract from the PCK rubric, in Figure 4.30 shows the indicators that led to 

this score. 
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Figure 4.30 

Rubric block showing how Ms Dube was scored a one on her knowledge of questioning 

 

Ms Dube chose to use diagrams, a table, pictures and a video as representations for both her 

big ideas. For Big Idea A, she would start the lesson by showing “learners diagrams of 

renewable and non-renewable resources all mixed up”. The learners would then have to 

“draw up a table and classify each one correctly”. The learners would then be presented with 

an empty brown envelope written “The Earth is our greatest resource – help conserve it”. In 

Eswatini, there are government envelopes that have a statement on conservation. Figure 4.31 

shows an envelope similar to the one Ms Dube used. 

Figure 4.31 

An Eswatini government envelope with a statement on conservation 

 

Once learners were shown the envelope, they would be prompted to “unpack the meaning of 

that statement” and “describe ways to conserve resources and what would happen if not 
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conserved”. The lesson would end with learners observing pictures of “drought-ridden 

areas, littered out area, deforestation” and “old mines”. Ms Dube would use these pictures 

to “show learners the importance of conserving resources and what happens if not done”. 

For Big Idea B, she said she would use a video of “heavy equipment and machinery clearing 

around mining areas, and transporting whatever ore to processing facilities using public 

roads, [and] water bodies contaminated by chemicals emitted from mining process e.g. acid 

mine draining”. She again mentioned the use of pictures, this time they would show before 

and after images of ―destructed habitats of animals‖ and “people around a mining area who 

are sick”. When justifying her choice of visual representations, she said that they are “not 

easily forgotten by the learners and easily understood”. Ms Dube‘s reasoning for her choice 

and descriptions of how the representations would be used were sufficient. Her selection of 

representations was not extensive, as there were less than four, and she was scored a 3, as her 

knowledge in the area of representations was seen as developing. 

When asked for the methods that she would use to assess students‘ understanding of the big 

ideas, Ms Dube chose to use “formative assessment in the form of a topic test”. She 

continued to say that the “questions also include other learning outcomes for the topic”. This 

assessment method is general and there are no indications in her response of how it is linked 

to the big ideas. Therefore, her assessment knowledge scored a 2, as it was seen as basic.  

4.4.3.5.3 Student Understanding 

Ms Dube stated that what she found difficult to teach about Big Idea A is that students are 

―not exposed to conservation practices in their environment” and “they do not practice 

conserving resources in their everyday lives‖. She also added that “they do not understand 

the difference between renewable and non-renewable resources”. For Big Idea B, she says, 

“learners cannot relate to the impact mining has on the environment”. Her reason for this 

difficulty was that “they are not close to a mining site” and “have never seen areas affected 

by mining”. The difficulties mentioned by Ms Dube were appropriate and related to the key 

ideas. There was no evidence in her response of reasons for these difficulties related to Big 

Idea A. Her reasoning for the difficulties related to Big Idea B did not refer to the actual 

concepts that could have been causing difficulties. Although she referred to contextual 

constraints, learners having never seen a mine may influence their thinking of the effects of 

mining. As such, her knowledge in the area of teaching difficulties was seen as basic, and she 

was scored a two. 
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When asked to identify the misconceptions she encountered during her teaching about the big 

ideas, she described that students think that “natural resources never run out” and “mining 

does not affect the environment”. Although only the first idea is stated as a misconception in 

the model answers and master CoRe, this list is not exhaustive. Therefore the second idea 

will not be disregarded as Ms Dube‗s response shows an indication of knowledge about 

misconceptions. Her knowledge in the area of misconceptions was viewed as developing, and 

she was scored a three. The rubric extract in Figure 4.32 shows how she was scored in this 

area. 

Figure 4.32 

Rubric extract showing how Ms Dube was scored a 3 in the area of knowledge of misconceptions

 

When asked about the questions she would use to elicit student thinking, Ms Dube responds 

by saying she would ask “questions that probe learners to think about the concepts discussed 

in the topic”. She continues to give examples and lists, “What is meant by conserving 

resources? Is it really necessary? What would happen if not done”? Although she doesn‘t 

give examples related to Big Idea B, she mentions, Also, on the impact of mining, I would ask 

those questions”. Although the questions she gave would elicit student thinking, they are not 

all clearly formulated and do not show a link to the conceptual teaching strategies she 

mentioned earlier. Her knowledge in this area of student understanding was seen as basic and 

she was scored a two. 

4.4.3.5.4 Summary of Ms Dube’s Initial PCK 

Table 4.10 summarises Ms Dube‘s initial PCK that she revealed before undergoing the 

professional development intervention.  
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Table 4.10 

A summary of the observations made on Ms Dube‟s initial PCK using the rubric 

Component of PCK Score 

Average score 

for PCK 

component 

Curricular saliency  

Concepts addressed when teaching 2 

Pre-concepts required by students 3 

Inclusion of environmental issues 4 

Importance of knowing about the big ideas 2 

 2.8 

Conceptual teaching strategies  

Teaching strategies/method 2 

Questions to be asked 1 

Representations 3 

Assessment strategies 2 

 2.0 

Student Understanding  

Difficulties 2 

Student misconceptions 3 

Questions to assess students’ thinking 2 

 2.3 

Overall initial PCK 2.4 

 

Ms Dubes‘s overall initial PCK was considered to be basic. The PCK component in which 

she had the highest score was knowledge and skills related to the curricular saliency of the 

topic. Her PCK in this component was seen to be developing. Her lowest score was in the 

component of knowledge and skills related to the conceptual teaching strategies. 

4.4.3.6 PCK Revealed in Mr Fakudze’s Pre-questionnaire 

4.4.3.6.1 Curricular Saliency 

Mr Fakudze was prompted to list the most important concepts he would address during his 

teaching of ―extraction of metals‖. Mr Fakudze listed: “Describe native metals first, metal 

ores and identify native metals. Introduce the reactivity series that metals are arranged in 

order of their reactivity and that metals at the top are highly reactive. Relate the reactivity 

series with the extraction of each metal”, and “Explain that metals at the bottom of the 
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reactivity series are obtained in their pure state because they are native”. Although his 

response was not well formulated, it was understandable. Although sequencing was evident 

and some appropriate ideas were mentioned, more than one important idea was missing. 

Figure 4.33 shows that Mr Fakudze‘s knowledge in this area was basic, and as such, he was 

scored a two. 

Figure 4.33 

Rubric extract showing Mr Fakudze‟s limited knowledge in the area of important concepts 

 

When asked which concepts needed to be taught to learners before the topic of ―extraction of 

metals‖, Mr Fakudze mentioned, ―Unreactive metals such as gold and silver occur in their 

ores as elements. Ores of other metals appear as compounds. Explain that compounds of 

more reactive metals in the reactivity series need costly methods like electrolysis”, and 

“Explain that compounds of less reactive metals are stable, so they need a reducing”. The 

ideas mentioned are inappropriate as they do not constitute the pre-concepts required by 

students to understand the topic. They make up part of the new knowledge that students will 

gain while teaching the topic. Mr Fakudze‘s responses indicate that his knowledge in this 

area is limited, and he was scored a one.  

Mr Fakudze agreed with the inclusion of environmental issues into the EGCSE curriculum. 

He said that “learners need to know ... that environmental issues are common in nowadays 

and an issue of global importance, as human behaviour towards the environment causes 

harm to the environment”. His response is well articulated, and his reason for the inclusion is 

in line with one of the aims of the EGCSE syllabus. His knowledge in this area of curricular 

saliency is seen as developing, and as such he was scored a three. 

When asked why it is important for students to know about the big ideas, Mr Fakudze 

responded by saying that learners needed to know that “mining has long-term effects on the 
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environment and it takes years for the environment to replenish”. The response given by Mr 

Fakudze does not show evidence of his understanding of how these effects on the 

environment are linked to societal issues. It also does not indicate the knowledge and skills 

needed by students and the role they play in minimising these environmental effects. For this 

reason he was scored a 2, as his knowledge in this area was seen as basic. 

4.4.3.6.2 Conceptual Teaching Strategies 

When selecting teaching strategies that would be employed during his teaching of the big 

ideas, Mr Fakudze opted to use a “site visit to Ngwenya iron ore mine” followed by report 

writing and a class discussion for both Big Ideas A and B. His response does not indicate 

what he expects learners to write. He did mention that during the discussion, the students 

would discuss ―What could have been done to solve the issues at Ngwenya iron ore mine”. 

This strategy is considered general as there is insufficient evidence of learner involvement. 

He did not justify his choice, and as such, he was scored a one, as his knowledge of teaching 

strategies was found to be limited.  

When asked about the questions that he considers important when teaching the Big Ideas, he 

grouped his questions based on two ideas, “water as our precious resource” and the “cutting 

down of trees for firewood”. Figure 4.34 shows the questions he would ask. 

Figure 4.34 

Questions that Mr Fakudze considers important to ask during his teaching 

 

Although he did not explicitly mention Big Idea A, the questions referring to water as a 

precious resource and the cutting of trees could be related to Big Idea A, since water and trees 
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are considered natural resources. There were no questions pertaining to Big Idea B in his 

response. Despite this, there was evidence of questions requiring problem-solving skills, and 

if the two resources, water and trees, are looked at independently, sequencing of the questions 

is evident. Mr Fakudze‘s knowledge in the area of questioning was seen as developing, and 

as such, he was scored a three. Figure 4.35 shows the rubric blocks and the indicators for the 

level. 

Figure 4.35 

Rubric extract showing Mr Fakudze‟s scores for the area of questioning under Conceptual Teaching 

Strategies 

 

 

Mr. Fakudze stated that he would use a sticker and pictures as representations to enhance 

students‘ understanding of the big ideas. For Big Idea A, a sticker with a statement written, 

“throwing plastics using a window is a crime, it can result ina fine of E50 so help protect the 

environment” would be used as an example of how the Eswatini Environmental Authority 

tries to protect the environment and conserve resources. He describes that after showing the 

students the sticker, he would ask them to name “natural resources they know and how they 

can be conserved”. For Big Idea B, he would use pictures of local mines and would make 

students aware that “due to mining very large pits were left behind which is a threat to people 

and animals living in the area” and “ that there was vegetation growing in the mining areas 

but it was destroyed for the resources”. In his response, Mr Fakudze mentions only two 

representations. Although he described how these representations would be used, there was 

insufficient evidence of how they would support conceptual development. Mr Fakudze did 

not justify the choice of these representations; as such, his knowledge in this area was seen as 

basic and he was scored a two. 
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When indicating the assessment method he would use, Mr Fakudze responded by providing a 

question he would ask the learners. He stated, “explain the effects of mining on the 

environment being vegetation, land and water”. Although the question was linked to the 

topic, the response did not include any evidence of how the question would be given to 

learners or even what they would be expected to do. His assessment method was seen to be 

general; therefore, he was scored a 2, as his knowledge was found to be basic. 

4.4.3.6.3 Student Understanding 

When asked about the difficulties he encounters when teaching about Big Idea A, Mr 

Fakudze stated that students “confuse it with environmental conservation”. For Big Idea B, 

he mentioned that his school does not always permit for students to visit local mines, thus 

making it difficult to teach about this idea. Although the response was not clearly formulated, 

his difficulty for Big Idea A was appropriate as it refers to students' actual misunderstanding. 

The difficulty he mentioned for Big Idea B was a contextual constraint and did not reveal 

knowledge of students‘ thinking. Mr Fakudze could also not give reasons for these 

difficulties, and as such, his knowledge of the difficulties was found to be basic, and he was 

scored a two. 

In response to the question on the typical misconceptions he faced when teaching about Big 

Ideas A and B, he said students ―have the concept that it's only mining [that] has effects on 

the depletion of natural resources”. Although a potential misconception was identified, the 

response was not clearly formulated. As such, his knowledge of common student 

misconceptions was scored a two, as it was found to be basic. 

When asked about the questions he would use to access student thinking, Mr Fakudze 

responded with the question, “explain how mining can have a long-term effect on the 

environment and natural resources”. Although the question he gave was clearly formulated, 

he did not reveal any intention of asking other questions, and as such, he was scored a one. 

4.4.3.6.4 Summary of Mr Fakudze’s Initial PCK 

Table 4.11 shows a summary of Mr Fakudze‘s initial PCK he revealed before undergoing the 

professional development intervention. The table shows the scores allocated to the responses 

given by Mr Fakudze. 



113 
 

Table 4.11 

 A summary of the observations made on Mr Fakudze‟s initial PCK using the rubric 

Component of PCK Score 

Overall score 

for PCK 

component 

Curricular saliency  

Concepts addressed when teaching 2 

Pre-concepts required by students 1 

Inclusion of environmental issues  3 

Importance of knowing about the big ideas 2 

 2.0 

Conceptual teaching strategies  

Teaching strategies/method 1 

Questions to be asked 3 

Representations 2 

Assessment strategies 2 

 2.0 

Student Understanding  

Difficulties 2 

Student misconceptions 2 

Questions to access thinking 1 

 1.7 

Overall initial PCK 1.9 

Mr Fakudze‘s overall initial PCK was considered to be basic. The PCK component in which 

he had the highest score was knowledge and skills related to the curricular saliency of the 

topic. His lowest score was in the component of knowledge and skills related to student 

understanding. 

4.5 A Summary of the Analysis of Quality of the Teachers’ Initial Topic-specific PCK 

In the tables (Tables 4.6, 4.7, 4.8, 4.9, 4.10, and 4.11), each sub-component‘s outcome 

(component prompt) was scored using the rubric for each participant. The averages for each 

component were then calculated to get scores for each PCK component. In this summary, 

only the PCK component scores for each participant are shown. This was done to compare 

the scores for each PCK component for the six teachers. A summary of the analysis of the 

teachers‘ responses using the PCK rubric is given in Table 4.12. 
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Table 4.12 

A summary of the analysis of the teachers‟ responses using the PCK rubric 

 

Component of PCK  

Score 

Mrs 

Zikalala  

Mrs 

Dlamini  

Mr 

Mavuso 

Mr 

Cele 

Ms 

Dube 

Mr 

Fakudze 

Curricular saliency 3.3 2.0 2.5 3.0 2.8 2.0 

Conceptual teaching strategies 2.8 1.8 2.0 2.3 2.0 2.0 

Student Understanding 3.3 2.3 1.7 2.0 2.3 1.7 

Overall initial PCK 3.1 2.0 2.1 2.4 2.4 1.9 

The teachers‘ responses to these questions gave much insight into the initial PCK of the 

teachers. The same questionnaire was administered to the teachers after the intervention and 

the responses were used together with a lesson plan to determine the teachers‘ final PCK. The 

responses from the pre-intervention questionnaire were later compared to the responses of the 

post-intervention questionnaire and used to determine whether the intervention did or did not 

develop the teachers‘ PCK about environmental sustainability.  

4.6 Chapter Summary 

This chapter presented the findings from the data collected before the commencement of the 

professional development intervention. This data was collected using two questionnaires. The 

first questionnaire was a screening questionnaire which gave insight into the background 

information of the teachers and their views on sustainability and ESD. Regarding what SD 

advocates for, there was unanimous agreement on six of the twelve statements. These 

statements were maintenance of biodiversity, conservation of natural resources, recycling 

waste products, the balance between use and regeneration of renewable resources, 

preservation and restoration of the environment and protecting and promoting human health. 

Conservation of resources and preservation and restoration of the environment could be 

linked to what later became the big ideas. Much doubt has arisen from statements that 

referred to the social aspects of SD. When prompted on their understanding of ESD, there 

was evidence of only one of the eight statements where there was unanimous agreement. This 

was that ESD includes all three spheres of sustainability, i.e. economy, environment and 

society. Three of the six participants were unsure whether ESD was student centred and two 

of the six were unsure whether ESD promotes participatory learning and higher order 
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thinking skills. Three teachers were either unsure or disagreed that ESD is locally relevant 

and culturally appropriate. From these findings, it was evident that the teachers had more 

uncertainties about ESD than SD. According to Burmeister and Eilks (2013), the effective 

integration of sustainability into a lesson relies on the teachers' knowledge of ESD. This 

suggested to the researcher that the PDI needed a session whereby the teachers would be 

exposed to ESD. 

In the teachers‘ responses to the questions on sustainability, conservation of resources, which 

was Big Idea A, was an issue that four of the six teachers considered relevant to chemistry. 

Of those four, three mentioned that they had included it in their teaching in the past. Only one 

teacher mentioned the extraction of metals, yet four teachers chose the topic of ―metals‖ as 

the most suitable for addressing sustainability issues. These responses showed that the 

teachers were familiar with the big ideas; conserving resources and the environmental impact 

of mining. This finding assured the researcher that an appropriate topic, extraction of metals, 

was chosen for the study. 

The second questionnaire was the pre-intervention questionnaire which gave an 

understanding of the participants‘ initial pPCK. The findings from each participant were 

presented separately and compared in a summary table later. It was found that all teachers 

had a basic initial PCK, except for Mrs Zikakala, who was found to have a developing PCK. 

When analysing their PCK per component, it was revealed that all the teachers had the 

highest scores in the knowledge and skills component related to curricular saliency. Mrs 

Zikalala, Mrs Dlamini and Ms Dube had their lowest scores in the component of conceptual 

teaching strategies, and Mr Mavuso, Mr Cele and Mr Fakudze had their lowest scores in the 

component of student understanding. The varying scores of the teachers in the different 

components of PCK informed the PDI by consolidating the idea that it should cover all 

components of PCK. 

The following chapter discusses the online professional development intervention which was 

the focal point for the data collection that took place during the course of the study. It also 

presents the findings from the data that was collected from the interviews that took place 

during the intervention. 
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5 CHAPTER 5 

THE INTERVENTION 

5.1 Overview 

This chapter focuses on the Professional Development Intervention (PDI) conducted with the 

six teachers participating in the study. The chapter starts with a description of the design, 

structure and content of the online presentation of the intervention. The chapter then presents 

the data from the interviews conducted during the intervention. The data from the first 

interview provides evidence of the teachers‘ knowledge of the curricular saliency of the topic 

through the teachers‘ responses to the questions enquiring into the teachers‘ views about 

sustainability and education for sustainability. The data from the second and third interviews 

provide evidence related to the teachers‘ knowledge about curricular saliency, conceptual 

teaching strategies and student understanding of the topic of environmental sustainability. 

The data collected through the interviews supplemented the teachers‘ responses to the 

questionnaire and assisted in answering the following research questions: 

1. What are chemistry teachers‘ views about sustainability and education for 

sustainability? 

2. What is the nature of personal topic-specific PCK about extraction of metals with big 

ideas related to environmental sustainability, revealed in the teachers‘ planning prior 

to the PDI? 

3. What is the nature of personal topic-specific PCK about extraction of metals with big 

ideas related to environmental sustainability, revealed in the teachers‘ planning after 

the PDI?  

4. How does a professional development intervention influence the development of an 

experienced chemistry teacher‘s topic-specific PCK on the extraction of metals? 

The chapter will end with a summary. 

5.2 The Intervention 

Over the years, the requirements for learning have been changing. Learning is becoming 

deeper, more complicated and sophisticated. This means the demand on the teacher 

competencies that teachers need to develop to teach in the 21
st
 century has intensified. 

Teacher educators are obligated to look into ways of helping teachers develop these 21
st 

century competencies (Darling-Hammond et al., 2017). Those teachers in service constantly 

need ways to learn new ways of teaching and develop their PCK as a whole. PCK is a key 

component of successful teaching (Kleickmann, 2013). Grossman (1990) states that a 

teacher‘s PCK can develop from various sources. Although Friedrichsen (2009) stated 
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professional development programmes as a source of subject matter knowledge for teachers, 

the same can be expected of PCK. Education for sustainable development is a concept that 

sees a change from traditional forms of teaching to more contemporary, student-centred 

teaching. This study aimed to find how chemistry teachers reveal their personal PCK about 

environmental sustainability through planning a lesson on the extraction of metals and how 

this PCK can be developed. The researcher generated a professional development 

intervention which could help experienced chemistry teachers develop their PCK about the 

simultaneous teaching of chemistry and environmental sustainability. 

5.2.1 The Design 

The design the researcher chose for this intervention was based on the objectives the 

researcher hoped to achieve. As seen in the research questions above, the study mainly 

investigated how exposure to an intervention could affect the teachers‘ transfer of PCK from 

cPCK to pPCK, and from pPCK to the ePCK. The intervention focused on developing 

teachers‘ personal PCK about environmental sustainability. The intervention exposed the 

teachers to relevant sustainability issues, the concept of education for sustainable 

development, and how the components of PCK could help them plan an effective lesson by 

exploring some attributes of a good teacher. According to Lin (2006), a teacher‘s professional 

development opportunities could be in the form of seminars, workshops, professional 

dialogues, curriculum development meetings, peer classroom observation and peer coaching. 

Although the intervention was initially supposed to be face-to-face, it was later adapted to an 

online format because of COVID-19 regulations. 

5.2.2 The Structure 

The professional development intervention comprised four 15-20 minute online training 

sessions. The sessions were in the form of narrated PowerPoint presentations which were sent 

to the participants via email. This format was chosen instead of real-time online Google or 

Zoom meetings because schools were closed during the intervention, and most participants 

did not have access to a stable internet connection. 

The first and second sessions focused on developing the teacher‘s knowledge about the 

curricular saliency of the topic of environmental sustainability by focusing on a lesson on the 

extraction of metals. The first session covered sustainability issues considered relevant to 

students and those directly or indirectly linked to the extraction of metals. The second session 

exposed teachers to ESD and explored how a teacher could use their current syllabus to 
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incorporate sustainability issues. The third session focused on developing teachers‘ 

understanding of student thinking and learning. The fourth and final session explored 

conceptual teaching strategies, which could be used when planning a lesson with 

environmental sustainability and pedagogical reasoning in mind. This training happened after 

the researcher had established the teachers‘ baseline knowledge about SD and ESD, and their 

baseline PCK about the teaching of the extraction of metals, with an infused element of 

environmental sustainability. 

5.2.3 The Content 

As mentioned earlier, the baseline knowledge of the teachers was established before the 

intervention. This baseline knowledge was found using questionnaires, which focused on the 

participant‘s knowledge of curricular saliency, conceptual teaching strategies and student 

understanding about the topic. The intervention content was therefore aligned to these PCK 

components to enhance the teachers‘ knowledge in these areas. Data was also collected after 

the intervention to compare teachers‘ initial PCK (before the PDI) and final PCK (after the 

PDI). 

5.2.3.1 Session 1 

The researcher started this session by reviewing the attributes of a good teacher. These 

attributes relate to the components of PCK in everyday terminology, as the researcher did not 

want to overwhelm participants with big words and definitions. Table 5.1 shows how the 

attributes of a good teacher were aligned to the components of PCK. 

Table 5.1 

Alignment of components of PCK and attributes of a good teacher 

Component of PCK Attributes of a good teacher 

Curricular Saliency • Know the curriculum 

• Know what students have been taught previously 

• Know about issues that are relevant to the students  

Conceptual Teaching 

Strategies 

• Know how to select teaching methods that will promote 

meaningful learning 

• Know how to select teaching aids and resources that will 

help the students understand  

Student Understanding 

of Science 

• Know what interests the students have 

• Know what ideas the students have about scientific 

concepts 

• Know how to connect concepts to help students understand 
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Component of PCK Attributes of a good teacher 

Integration between 

PCK Components 

• Know how to adjust instruction based on student learning 

• Be able to interconnect and use all this knowledge to make 

teaching most effective 

Pedagogical Reasoning • Be able to justify their instructional moves 

One of the attributes mentioned was that a good teacher must know the issues that are 

relevant to students and is related to knowledge about the curricular saliency of the topic. 

This attribute allowed the researcher to introduce the teachers to global issues, which under 

sustainable development can be grouped into economic, societal or environmental issues. The 

researcher therefore started by briefly listing economic issues, followed by societal issues. 

The environmental issues, which are the focus of this study, were discussed last with a 

greater focus on the environmental issues caused by mining resources. Figure 5.1 depicts one 

of the slides in this session showing the environmental impacts of mining. 

Figure 5.1 

Environmental impacts of mining from the Session 1 presentation 

 

On this particular slide, the researcher was discussing the environmental impacts of mining. 

The focus on the environmental impacts of mining was because the study aimed to determine 

the teachers‘ PCK about environmental sustainability as seen through the planning of a lesson 

about the syllabus topic ―Extraction of metals‖. The researcher chose to use this topic 

throughout the intervention, focusing on the outcomes (big ideas) dealing with the 
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―environmental impact of mining‖ and ―conservation of resources‖ as these gave the 

researcher greater opportunities to integrate environmental sustainability issues. A discussion 

of these issues gave the researcher a chance to introduce the concept of Education for 

Sustainable Development (ESD) to the participating teachers. This was the first step to 

exposing the teachers to aspects that have the potential to enhance their knowledge about the 

curricular saliency of the topic. 

5.2.3.2 Session 2 

The second session started with a brief account of the link between Sustainable Development 

(SD) and ESD, using Sustainable Development Goal (SDG) Number 4, emphasising quality 

education. The session quickly moved on to the characteristics of ESD, some of which were 

later used in Session 4 to guide teachers in selecting appropriate teaching strategies. The 

teachers were then shown how to identify sustainability issues in atopic in the existing 

Physical Science curriculum and asked to do the same in another topic. This was done by 

analysing the learning outcomes stated in the syllabus and identifying themes and issues of 

SD. This exercise was linked to the attributes of a good teacher aligned to the teacher‘s 

knowledge of curricular saliency, which states that a good teacher should be able to identify 

issues relevant to the students. Figure 5.2 depicts a screenshot of the slide that paid attention 

to the learning outcomes under the topic of the extraction of metals. 

Figure 5.2 

How to identify themes and issues of sustainability in the existing syllabus 
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Once the ―big ideas‖ were identified, the researcher focused on teachers‘ awareness that there 

are questions that a teacher should ask themselves before teaching the content (relating to 

curricular saliency). The screenshot from the presentation shows the questions that a teacher 

should ask (Figure 5.3). 

Figure 5.3 

A screenshot from Session 2 with questions used to assess a teacher‟s curricular saliency 

 

 

These questions from the Loughran et al. (2012) CoRe are used to help researchers assess a 

teacher‘s knowledge and skills related to curricular saliency. Since this is a PDI focused on 

enhancing a teacher‘s PCK about environmental sustainability, the researcher purposefully 

based the PDI content on the components of PCK. However, as explained earlier, the phrase 

―pedagogical content knowledge‖ and the PCK terminology was initially not used to avoid 

confusing teachers with unfamiliar terminology.  The session continued to guide teachers on 

how to answer these questions using the example of the ―big idea‖ of the conservation of 

resources.  
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5.2.3.3 Session 3 

This session was based on PCK components three and four; knowledge and skills related to 

students‘ understanding of science and integration between PCK components (adjusting 

instructional moves based on student learning of concepts). The components discussed in this 

session focused mainly on student learning and thinking and how a teacher responds to these. 

Therefore, as with the data presented in Chapter 4, the researcher will continue to present and 

discuss these components together as ―Student understanding‖. This session emphasised the 

importance of a teacher‘s skills and knowledge of identifying and acknowledging variations 

in student learning and eliciting and assessing student difficulties and misconceptions. The 

session looked at questioning as a method of eliciting student thinking. Examples of 

questions in line with the extraction of metals, which could be asked before, during and after 

the lesson, were discussed. The researcher used a slide (Figure 5.5) to show the teachers how 

to use Bloom‘s taxonomy to plan the questions they would ask during the lesson. This was 

important for the intervention as ESD promotes higher order thinking skills which can mostly 

be accessed through higher order questioning. 

Figure 5.4 

How teachers could use Bloom‟s taxonomy when planning their questions 

                           

                      

The third session also looked at some misconceptions and common learner errors surrounding 

the topic and some reasons why students would find these concepts difficult to understand. 
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The session ended with examples of how a teacher can adjust instruction during the lesson if 

some students struggle to understand the concept. These suggestions included teachers 

slowing down their pace, providing more visual aids, and providing written and oral 

directions.  

5.2.3.4 Session 4 

This session, which was also the final session, was based on the PCK components focusing 

on knowledge and skills related to conceptual teaching strategies and pedagogical reasoning. 

It started by highlighting the importance of choosing teaching strategies and representations 

to enhance student understanding and promote meaningful learning. The teachers were 

reminded of the characteristics of ESD they were exposed to in the second session. These 

characteristics included: allowing a learner to be creative, thinking critically, asking 

questions, analysing local contexts and making decisions, being student-centred, and 

promoting higher order thinking and problem-solving skills. A recommendation was given 

for teachers to consider these characteristics when selecting their teaching strategies. They 

were also given the example of infusing problem-based learning into class discussions, issue 

analysis, inquiry and simulations. Teachers were also provided with examples of 

representations they could use when teaching aboutthe impact of mining. Figure 5.5 shows 

the slide on representations. 

Figure 5.5 

Examples of representations that could be used when teaching 
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Like in the other sessions, teachers were asked to reflect on or think about the content they 

had been given. Figure 5.6 shows a slide in this session where teachers were asked to think 

about how ESD could affect the assessment methods, especially because ESD encourages 

higher-order thinking.  

Figure 5.6 

A reflection on assessment methods that require deeper thinking 

 

Teachers were encouraged to also use assessments that require critical reasoning and original 

work by the pupil, such as essays, projects, speeches, portfolios, research reports and multi-

media presentations.  

The session continued to introduce teachers to the concept of pedagogical reasoning. A 

teacher's mind is constantly working, figuring out what to teach, when, why and finally, how 

to teach it. Pedagogical reasoning takes place during all phases of the teaching process, 

before, during and after the lesson. Therefore, pedagogical reasoning exists in all the different 

components of PCK, and a teacher must also be able to justify their choices. 

Figure 5.8 shows the slide that the researcher designed to show the teachers the knowledge 

bases that are necessary for effective teaching.  
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Figure 5.7 

Knowledge required for effective teaching on sustainability issues 

 

The fourth session ended withan introduction of the construct PCK (Figure 5.8). To bring the 

intervention to a close, the researcher explained that teachers' PCK is determined by their 

ability to: 

 select scientific concepts that are relevant to the students and connect them to make 

them pedagogically appropriate; 

 select instructional strategies and representations that promote meaningful learning; 

 recognise and engage students‘ prior knowledge, misconceptions and interests; 

 adjust instruction based on student learning, and 

 interconnect the components of PCK and justify the choice of teaching moves. 

These competencies are aligned with the components of PCK.  
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Figure 5.8 

The revelation of the consruct of PCK 

 

 

5.2.4 The Online Presentation of the PDI 

Before the commencement of the intervention, the researcher phoned the participants to 

explain how and why the study had changed. The study had changed because of the COVID-

19 pandemic, which resulted in the closure of schools and restrictions surrounding the ease 

and safety of face-to-face interactions. The participants were also asked if they were still 

willing to participate in the study, which now involved a professional development 

intervention in digital format. Once consent to continue with the study was given by 

participants, the researcher asked the participants for their active email addresses. These 

addresses were integral as the intervention comprised narrated PowerPoint presentations sent 

to the participants via email.  

Table 5.1 shows the contents of the emails sent to the participants and what was expected of 

the participants after each email. This table is very similar to the timeline that was sent to the 

teachers in the first PDI email. The first email also contained a resource pack. This resource 

pack, as mentioned before, contained materials that the participant could read during the 

intervention period. Throughout the intervention period, the participants and the researcher 

communicated via WhatsApp.  
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Table 5.1 

A detailed account of the delivery of the intervention 

Date Content of the email  What is expected of the 

participant? 

Week 1 Email 1 

- Resource pack 

- PDI timeline 

 

1. look through the timeline 

2. browse through the 

contents of the resource pack 

Week 2 Email 2 

 - Session 1 

 

3. watch PDI Session 1 

4. contact the researcher 

once the session has been 

completed to set up the 

telephone interview (1) 

Week 3 Email 3  

- Session 2  

- Session 3 

*The researcher used WhatsApp to contact the 

participants to check on their progress.  

 

5. watch PDI Session 2 

6. watch PDI Session 3 

7. contact the researcher for 

the telephone interview (2) 

Week 4 Email 4 

- Session 4 

 

 

8. watch PDI Session 4 

9. alert the researcher that all 

sessions have been 

completed 

Week5 Email 5 

 - Pre-questionnaire that participant had responded to 

before the PDI 

 - Lesson planning template 

 

 

 

 

10. modify answers on the 

questionnaire in light of new 

knowledge and send the 

questionnaire back to the 

researcher 

11. plan a lesson on “the 

impact of mining” and send 

the lesson plan to the 

researcher 

Week 6 Once the questionnaire and lesson plan on “the impact 

of mining” have been received, the researcher set up a 

telephone interview with participants 

 

12. Be available for a 

telephone interview 

 

Each email contained a list of attachments included in the email and detailed instructions on 

what would be expected of the participant. All contact details belonging to the researcher 

were sent with each email. 
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In the following section, the researcher will present the interview data that was collected 

during the intervention. Three interviews were conducted: the first one was after the first 

session, the second interview was after the second and third sessions, and the third one was 

conducted after the intervention was over. These interviews served to support the answering 

of the research questions. Only the responses from the first interview will be discussed in this 

chapter, as the information given to the participants in the first session of the PDI was linked 

to the first research question. The responses from the first interview will be presented under 

the sub-heading: Chemistry teachers‘ views about sustainability and education for 

sustainability. These responses will give information on the teachers‘ knowledge about the 

curricular saliency of the topic. 

5.3 Chemistry Teachers’ Views about Sustainability and Education for Sustainability 

after the PDI 

Teachers‘ views about sustainability and education for sustainability were elicited again once 

the intervention had started, in the responses to the questions in the first PDI interview. This 

interview was scheduled after the first session of the intervention, which introduced the 

teachers to the concepts of Sustainable Development and Education for Sustainable 

Development. The responses are therefore referred to as the post-PDI Session 1 intervention 

views of teachers concerning sustainability and education for sustainability. The researcher 

thought this was the most appropriate interview time as the following three sessions focused 

mainly on developing the teachers‘ PCK about environmental sustainability. The responses 

from this interview reveal the teachers‘ knowledge about the curricular saliency of the topic 

as the questions sought teachers‘ views on the importance of students learning about 

sustainability and the relevance of sustainability issues to chemistry, and the issues that could 

potentially be discussed while teaching content from the current EGCSE physical science 

syllabus. The responses also revealed the teachers' pedagogical reasoning about the 

knowledge needed to teach a chemistry topic infused with elements of sustainability. The 

question that focused on reasoning asked teachers whether they thought it was important to 

undergo professional development to help them understand how to educate for sustainability 

and what they thought the content of the training should be. The participants‘ responses will 

be discussed separately, starting with their knowledge of curricular saliency about 

environmental sustainability and then their pedagogical reasoning about what knowledge a 

teacher requires to teach this topic. 
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5.3.1 Mrs Zikalala’s Responses 

Mrs Zikalala thought it was important for students to learn about sustainability. Her reason 

was that, “it allows them to be responsible for their actions and to actually contribute their 

vision to the sustainable future that we are paving the way for”. 

The topics in chemistry that she chose as being suitable for addressing sustainability issues 

were the production of energy, redox reactions, criteria for purity, the energetics of a reaction, 

mining and its impact, acids, bases and salts, electricity and chemistry, non-metals and 

organic chemistry. Mrs Zikalala explained that her list looks extensive because all new topics 

require “prerequisite knowledge for them to understand new knowledge or the new subject 

content” so she highlighted those too. 

The sustainability issues that she thought would be suitable for the chemistry topics she 

mentioned above were land and water pollution, acid rain, global warming, climate change, 

industrialisation and fuels and food security. 

Mrs Zikalala believes that it is very important for teachers to undergo professional 

development. Her recommendations for the training were based on enhancing teachers‘ 

knowledge of curricular saliency and conceptual teaching strategies about the topic of 

environmental sustainability. She proposed that the training starts with an “introduction to 

the sustainable development concept” and be followed by the sustainability “challenges” 

that we face and the sustainable development goals. She emphasised the need for teachers to 

be made aware of “where it (sustainable development) is coming from, what is the reason 

behind it why should it be integrated into the education system”. She continued to describe 

the need for teachers to be “taught methods of integrating this (sustainable development) into 

the curriculum” and emphasised “teaching methods that will enable them to incorporate the 

concept into all the different subject areas”. She ended her response with the idea that the 

teachers might already know some of the methods. 

5.3.2 Mrs Dlamini’s Responses 

Mrs Dlamini believed that students must learn about sustainability and sustainability issues. 

She found it important because the students had to be taught how to keep the environment in 

its present state for future generations. Although she did not elaborate much on the 

environmental aspect of sustainability, she did mention some social issues in her reason. 
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“so they can live in peace without inequality and maybe also when we look at gender-

based violence, teach them not to discriminate and maybe health-wise because 

chemistry talks about producing chemicals.”   

When asked about the topics in the physical science EGCSE syllabus that she thought could 

allow the incorporation of sustainability issues, she replied: 

“renewable and non-renewable resources, environmental impacts of mining, non-

metals when we talk about land, water and air pollution... we can also add...uhm... 

manufacture of products but that is not so much in the syllabus”. 

When prompted in the interview about which sustainability issues she would incorporate into 

these issues, she hesitated and said, “the issue of society... it doesn‟t go in well, so maybe 

issues of health and diseases are in other subjects”. 

This answer shows that Mrs Dlamini is aware of the social aspect of sustainability but does 

not see how it can be related to the subject of chemistry. The researcher ended this interview 

with a reminder that ESD is interdisciplinary. 

She agreed when asked whether teachers needed professional development to implement 

ESD. When prompted on the content and structure of such training, she identified that 

knowing “how to teach it” would help when teaching sustainability and other topics. She 

also mentioned the need to create awareness about sustainability issues and said: 

what is affecting us like pollution, those issues that we can see every day or if we are 

given the chance to visit the area like the mines and see the chemical products, pH 

levels in soils, wastes, and ask will they affect our water quality. (Mrs Dlamini) 

Her response revealed her reasoning concerning the need for knowledge about conceptual 

teaching strategies and some aspects of curricular saliency.  

5.3.3 Mr Mavuso’s Responses 

In response to the question on whether he thought it was important for students to learn about 

sustainability and sustainability issues, Mr Mavuso agreed, saying: 

“Personally, I think it is important, they are relevant to challenges that we face inside 

the classroom, and that means the learners will be equipped on ways to tackle those 

problems.” 
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The topics that Mr Mavuso thought would be suitable for addressing sustainability were 

“experimental techniques, chemical reactions, metals and organic chemistry”. 

When prompted about the sustainability issues that he found relevant for incorporation into 

the topics that he mentioned, he responded: 

I would include economic development because mostly when you are conducting a 

chemistry lesson, there are ways in which you can install an economic issue to the 

students, so economy can be a relevant issue. Also, another issue is global warming 

and climate change. (Mr Mavuso) 

Mr Mavuso agreed that it was important for teachers to be trained to incorporate 

sustainability into their teaching. When asked what he had in mind concerning the structure 

and content of training for teachers, he pointed out that he was interested in: 

“how to incorporate sustainability in each and every lesson, especially into topics 

where it is difficult to place it.” 

Although his response revealed some reasoning, it was not elaborate enough to identify 

which knowledge of the components of PCK he would have liked to enhance. 

5.3.4 Mr Cele’s Responses 

When asked whether he thought it was important for students to learn about sustainability and 

sustainability issues, he started by linking sustainability, environmental protection and 

development. He then said he believed that sustainability-related issues impacted students‘ 

lives, before making another more detailed connection between the three. This was his 

response: 

They are the ones who are affected by the development that is happening in the country, 

so because whatever happens to the environment can either have a good or bad 

impact... so for sustainability, they need to be aware of the positive and negative. (Mr 

Cele) 

The sustainability issues that Mr Cele describes as being relevant to chemistry are 

environmental toxicology, biodiversity, disposal of waste and recycling. When asked which 

topics in the EGCSE physical science syllabus he could use to incorporate these issues, he 

was hesitant and failed to give a clear response. He eventually named the topic of organic 

chemistry. 
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According to Mr Cele, teachers need professional development. His suggestion for 

professional development training for in-service teachers was to use “what we have been 

using all along in the education system–workshops–with their items now considering 

sustainability.” His response did not reveal a need for teachers to enhance their knowledge in 

any of the PCK components. 

5.3.5 Ms Dube’s Responses 

Ms Dube states that it is important for students to learn about sustainability and related issues. 

Her view is that the only way development can be sustainable is if the students understand the 

sustainability issues and “apply it to real life”. She also believed that learning about 

sustainability could enhance their skills and make them more responsible. This is what she 

said: 

“this would help them to develop some problem-solving skills that will make them 

aware that their actions and decisions affect the environment or ... all in all I think it 

will help them become responsible adults and contribute to a sustainably developed 

community or country.” 

When asked what she thought of teachers as key agents in implementing education for 

sustainability, she said, “teachers can be key agents but they would have to work hand in 

hand with the students‟ families.” According to Ms Dube, the teachers‘ main role is to impart 

knowledge about sustainability and its relevant issues to the students. She believes that “the 

application of the knowledge would have to take place in their everyday lives, outside the 

school” and “the parents come in when they (students) have to implement this knowledge that 

they have gained.” She continues to explain why teachers are better suited to teach about 

sustainability. She states that teachers are equipped with an understanding of “the different 

types of learners” and which teaching methods and teaching aids will help them best 

understand sustainable development. 

Ms Dube holds that sustainability issues are indeed relevant to the subject of chemistry. The 

topics that she thought gave a good opportunity to discuss these issues were: the extraction of 

metals (which is a subtopic under metals), air (which is a subtopic under non-metals), fuels, 

alcohols and macromolecules (which fall under the subtopic organic chemistry). When listing 

these topics, she referred to some issues that she would discuss, such as “resource 

conservation” and ―air pollution”. When prompted further for other issues, she continues to 
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say, “The global issues that I think we can discuss are land pollution, deforestation, global 

warming and climate change, air pollution... mining and its impact”. 

She agreed when asked whether teachers need to undergo professional development on 

education for sustainable development. When suggesting what the teachers' training would 

look like, she described the content of the ―course‖ as follows: 

They have to first explain what education for sustainable development is, its 

characteristics. Then once they have done that, they should discuss ways in which the 

teacher can connect the concept of sustainable development to chemistry to help 

learners understand how the teachers can link syllabus topics to sustainable 

development and sustainability issues. (Ms Dube) 

This response reveals pedagogical reasoning as it details the knowledge about the aspects of 

curricular saliency she hopes to gain. 

She adds that “teachers can be helped with teaching methods that will promote meaningful 

learning on sustainability issues.” She also mentions the need for teachers to be provided 

with ―teaching aids and resources that will help the students understand sustainability 

issues‖. She also gives an example of such resources when she says: 

[They must provide] a worksheet that can guide us with examples on how we can 

incorporate the social, economic and environmental issues into the syllabus, a 

worksheet with questions where students will answer up until they reach an 

understanding of whatever concept is being discussed under the sustainability 

issues.(Ms Dube) 

Ms Dube‘s pedagogical reasoning is again revealed as she links teachers‘ knowledge of 

conceptual teaching strategies to student thinking. 

5.3.6 Mr Fakudze’s Responses 

Mr Fakudze believes that it is essential for students to learn about sustainability and 

sustainability issues. His reason was that “sustainability is an issue of great concern these 

days”. He also states that students should be introduced to sustainability as early as primary 

school, as “it can result in a greater change and it can create a lot of awareness to our 

students so that they can know about sustainability as early as possible”. 



134 
 

When listing the topics he found suitable for integrating into sustainability issues, Mr 

Fakudze mentioned the topics and the issues he could incorporate. He said: 

[We can incorporate] organic chemistry, where we talk about fuels such as petroleum, 

all the fuels that cause global warming. Also, we have non-metals which are addressing 

the pollutants in the air such as sulfur dioxide and nitrogen oxide and also we have 

another topic which includes macromolecules, such as polythene which are our plastics 

that are polluting our land. (Mr Fakudze) 

He agrees with the notion of teachers undergoing professional training in educating for 

sustainability. The training, according to Mr Fakudze should focus on “global warming and 

climate change”. His reason is that these two issues, which are sustainability issues are 

explicitly mentioned in the chemistry section of the physical science syllabus and he has 

difficulty when teaching them. Although Mr Fakudze‘s response did not detail the exact 

content of the professional development, it shows his own reasoning with regards to 

knowledge about the curricular saliency of the topic. 

5.4 Chapter Summary 

In this chapter, I started with a detailed description of the professional development 

intervention that was given to the six participating teachers. I went on to present the teachers‘ 

responses to the first interview conducted during the intervention. My reason was to find the 

teachers‘ views about sustainability and education for sustainability after they had been 

through a session about these concepts. 

Analysis of the teachers‘ responses revealed that all participants believed that it was 

important for students to learn about sustainability. These views could have been influenced 

by the research topic, as the participants may have believed that was the expected answer. 

The topics that were mentioned by more than one participant as being suitable for 

incorporating sustainability were organic chemistry, non-metals and metals. The 

sustainability issues that they would discuss under these topics were air, land and water 

pollution, global warming, climate change, biodiversity, recycling, deforestation and resource 

conservation. They also all agreed on the key role teachers need to play in the implementation 

of ESD and the need for professional development. Their suggestions for the content of the 

professional development focused mainly on aspects of knowledge about the topic's 

curricular saliency and conceptual teaching strategies. This was captured in the teachers‘ 

responses which mentioned the need for information about the concept of Sustainable 
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Development and Education for Sustainable Development, teaching methods and resources 

that can be used during teaching and examples of lessons that incorporate sustainability into 

their teaching.  

The following chapter will discuss the insights that emanated from the interactions that took 

place after the intervention. The chapter will start with a description of how the data is 

presented and analysed. This will be followed by the presentation and analysis of the 

participants‘ responses to the second and final interview, the post-intervention questionnaire 

and the lesson plans. The chapter will end with comparing the teachers‘ pre- and post- 

intervention pPCK about environmental sustainability. 
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6 CHAPTER 6 

POST-INTERVENTION DATA 

 

6.1 Overview 

This chapter focuses on the post-intervention PCK of the participants, during and after they 

had undergone the online professional development intervention (PDI). The same 

questionnaire administered before the intervention was administered to the teachers after the 

intervention. The responses to this questionnaire, the interview questions, and a lesson plan 

were used to determine the teachers‘ post-PCK. The analysis of their responses was also used 

to determine whether the intervention contributed to the improvement of teachers‘ PCK about 

environmental sustainability.  

The researcher is aware that not all changes seen in the teacher responses can be attributed to 

the intervention. Teachers may have had some knowledge before the intervention which they 

could not relate to but could make connections through the content of the intervention. There 

may have been other experiences that could have contributed to the development of the 

teachers‘ PCK. These experiences could have been interactions with students or teachers. 

Since the intervention occurred during COVID-lockdown, when schools were closed, it is 

reasonable to assume that most of the PCK development could be attributed to the 

intervention as these teacher-teacher and student-teacher interactions were not possible at this 

time. One limitation of this study was that, because of the COVID lockdown, the researcher 

could not observe the teacher‘s lessons and see how their pPCK translates to ePCK in real 

classroom settings. 

6.2 Data Sources 

As mentioned briefly above, the post-PCK and, subsequently, teachers‘ PCK development 

were investigated by analysing the teachers‘ responses to the interviews, post-PDI 

questionnaire and the lesson plans they created after the intervention. These responses 

assisted in answering the third research question, which was: 

What is the nature of personal topic-specific PCK about the teaching of extraction of 

metals with an infused element on environmental sustainability, revealed in the 

teachers‘ planning after the PDI?  

These data sources and how they were analysed are described below. 
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6.2.1 Teachers’ PCK, as Revealed in Responses to Interview Questions 

During and after the intervention, the participants were interviewed. The data obtained from 

the second and third interviews were presented under the subsection: ―Teachers‘ new 

knowledge‖, and will support the data collected using the post-PDI questionnaire and lesson 

plan. The responses from the second and third interviews reveal how the teachers‘ knowledge 

about the curricular saliency, conceptual teaching strategies and student understanding have 

changed during and after the PDI.  

The researcher believes that some of the questions asked during these interviews elicited 

information on the teachers‘ post-PCK. During the intervention, the teachers were given 

information about the attributes of a good teacher. These attributes were later aligned to the 

components of PCK. The interview questions, and the PCK component to which it could 

potentially contribute, are shown below. The responses to these questions are discussed in the 

order in which they were presented to the participant. 

A question from Interview 2 was: 

 Now that you are aware of ESD and some attributes of a good teacher, will your 

lesson planning experience be different? How?  

The response to this question may give information about different PCK components, such as 

curricular saliency, conceptual teaching strategies and student understanding, and can 

therefore be analysed under these components. 

A question from Interview 3 was: 

 What did you learn during this intervention that you did not know before? 

(i) About the topic of sustainability and educating for sustainability (ESD)? 

(ii) About being a good teacher?  

The response to the first part of this question gave information about the teacher's knowledge 

about the curricular saliency of the topic. The response to the second part elicited information 

about any of the different components, depending on the part of the intervention that 

impacted the teacher the most. An interview was also conducted once the researcher had 

received the responses to the post PDI questionnaire and the lesson plan. The interview 

mainly aimed to clarify some of the participants‘ responses. The results of this interview are 

discussed together with the responses. 
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6.2.2 Teachers’ pPCK, as Revealed in the Post-questionnaire 

The PDI consisted of four 15-20 minute narrated presentations delivered electronically to the 

participants. This PDI was collective PCK (cPCK) as it was an amalgam of contributions 

regarding students' knowledge, curricular knowledge, pedagogical knowledge, assessment 

knowledge and content knowledge. Details of the PDI were discussed in Chapter 5.  

After the intervention was completed, the researcher gave the participants a copy of the 

questionnaire, with their own responses, completed before the intervention. The participants 

were asked to look through the questionnaire and either delete, modify or add to their 

responses, in light of the new knowledge they gained through the intervention. These 

responses would reveal the elements of the cPCK that were transferred to the teachers' own 

pPCK. Only the changes noted by the researcher are discussed in this section. The researcher 

analysed the responses using the PCK rubric (Appendix H), and scores were given. These 

scores were later used to see if there was a shift in the teachers' scores for the pre-intervention 

questionnaire. 

6.2.3 Teachers’ ePCK, as Revealed in a Lesson Plan 

Before the intervention, the teachers were given a resource pack which they were to go 

through as a source of additional information during the intervention. The resource pack 

included, amongst other things, a lesson plan template (See Appendix L) and an example 

lesson plan on ―the environmental impact of mining‖. The teachers were made aware that on 

completion of the intervention, they would be asked to create their own lesson plan using the 

example lesson plan given to them in the resource pack as a starting point for their own 

lesson plan.  

When creating their own lesson plan, the teachers we asked to add the knowledge that they 

had gained during the intervention, and that was revealed during the interviews and post-

questionnaire that the researcher now considered as part of their pPCK. The lesson plan 

would allow the teachers to enact this pPCK. The teachers were asked to focus their lesson on 

Outcome Number 6 under the topic ―extraction of metals‖ found in the EGCSE Physical 

science syllabus. The outcome states that learners should be able to ―describe the 

environmental impact of the mining and extraction of metals on vegetation, human beings 

and animals‖.  
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The teachers were asked to use the lesson plan template they were given in the resource pack 

to assist in the lesson design process. The template required the participants to specify 

information such as the lesson's purpose, teaching methods and resources. It also allowed the 

participant to describe both student and teaching activities that would occur throughout the 

lesson, as well as methods of assessment.  

Presentation of the data revealed in the lesson plan occurs under the same components of 

PCK used to present and discuss the responses from the post-questionnaire: curricular 

saliency, conceptual teaching strategies and student understanding. Table 6.1 shows the 

subheading from the lesson plan and the PCK component under which it was discussed.  

For analysis, the subheadings were linked to questions in the PCK rubric, according to the 

information they elicited. For example, under curricular saliency, the ―purpose‖ in the lesson 

plan was linked to the question, ―Why is it important for students to know about conservation 

of resources and the impact of mining on the environment?‖ Table 6.1 summarises the rubric 

questions used to score the components in the lesson plan. 

When scoring the teachers‘ responses, the researcher assumed that the teachers‘ knowledge 

could be revealed in any one of the instruments. The researcher viewed the highest score 

from either of the instruments as evidence of the teacher's knowledge. 

Table 6.1 

The sub-headings from the lesson plan and the related command prompt from rubric 

PCK component Sub-heading in the 
lesson plan 

Prompt in CoRe 

Curricular saliency Purpose  

 

*Why is it important for students to know 

about conserving resources and the impact 

that mining has on the environment? 

Prior knowledge *What concept(s) need to be taught to 

learners before teaching them about 

“extraction of metals”?  

Learning outcome(s) *Name the four most important concepts 

you would address when teaching 

“extraction of metals” 
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PCK component Sub-heading in the 
lesson plan 

Prompt in CoRe 

Conceptual teaching 

strategies 

Instructional strategies 

 

*What teaching strategies would you use 

to teach conserving resources and the 

environmental impact of mining? Why? 

Resources 

 

*What representations would you use 

during your teaching conserving resources 

and the environmental impact of mining? 

Why? How? 

Essential questions 

 

*What questions, related to environmental 

sustainability (ES), would you consider 

important to ask your learners during your 

teaching? 

Teacher/student 

activities 

*What representations would you use 

during your teaching conserving resources 

and the environmental impact of mining? 

Why? How? 

Assessment *What ways would you assess student 

thinking and understanding about 

conserving resources and the impact that 

mining has on the environment? 

Student 

understanding 

Check for understanding *What questions would you use to access 

student thinking and understanding about 

conserving resources and the impact that 

mining has on the environment? 

 

Since the PCK rubric was initially designed to assess the responses to the CoRe prompts, the 

rubric was adjusted for the assessment of ePCK revealed in the lesson plan. The prompts for 

the CoRe, used to design the rubric, focus on both big ideas; however, the teachers were 

asked to plan a lesson only on the impact of mining. For this reason, some adjustments were 

made to the rubric while scoring. Firstly, any mention of conservation of resources or 

sustainability in the rubric was ignored (highlighted in red) when assessing the lesson plan. 

Secondly, where the question mentions ―extraction of metals‖ (highlighted in blue), only the 

big idea ―impact of mining‖ was considered. Lastly, the response to the question on ―how‖ 

and ―why‖ the resources were used can be found under student/teacher activities (highlighted 

in pink). See Table 6.1. 
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Also, those indicators in the rubric that focus on mentioning both the big ideas were not a 

determining factor in the scoring as they were seen to mean the same thing, ―reference to the 

big idea‖. Figure 6.1 shows the PCK rubric and indicators referring to the big ideas that were 

not considered when assessing the lesson plan. 

Figure 6.1 

An extract of the PCK rubric showing indicators that refer to the big ideas 

 

 

The analysis focused on the extent to which the teacher individualised the lesson plan initially 

based on the example given before the intervention. The researcher looked for things the 

teacher changed in the example lesson plan. These modifications were analysed to determine 

whether these changes were evidence of a PCK that had developed or improved. If the lesson 

plan was changed completely, it indicated that the teacher decided to enact their own pPCK 

fully. 

6.3 Presentation of Teachers’ Post-PCK Revealed in Their Responses to the 

Interviews, Post-PDI Questionnaire and Lesson Plan 

In this chapter, the researcher has continued with the theme of presenting and analysing data 

from each participant separately. First, the responses to the interviews are discussed. This 

discussion is followed by the presentation and analysis of modifications made by the teacher 

in the post-PDI questionnaire. The PCK rubric was used to score these responses. The new 

scores, if any, are given as a summary of the pPCK of the teacher after the PDI. The 

researcher then continues to present the teacher‘s lesson plan, again using the PCK rubric to 

score the teachers‘ responses. A more detailed description of how the PCK rubric was used to 

score the lesson plan is given in Section 6.1.3 above. These scores from the responses in the 

lesson plan demonstrate whether the teachers could enact their full pPCK, therefore revealing 

the teachers‘ ePCK. The final post PCK score was found by selecting the higher of the scores 
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received from the questionnaire (pPCK) and the lesson plan (ePCK). The post-PCK of the 

teacher can be identified by this value because ePCK is a subset of pPCK (Carlson & 

Daehler, 2019). In the end, the researcher summarises the post PCK of the teacher. 

6.3.1 Mrs Zikalala’s Post-PCK 

6.3.1.1 Post-PCK, as Inferred from Mrs Zikalala’s Interview Responses 

Mrs Zikalala was asked if she thought her lesson planning experience would be different, 

now that she was aware of ESD and the attributes of a good teacher. She responded, “I think 

this will influence the way I tackle things now”. The researcher asked her to elaborate and she 

explained as follows: 

In the past, we did focus more on the content. But now we will relate content not only 

to what they know but to the social and environmental issues that we're facing and 

actually let them know what the world's expectations is. (Mrs Zikalala; Interview 2) 

This response proves that she understands that the content taught must be locally and globally 

relevant to the students. This is one of the main characteristics of ESD. She adds, “there will 

be inquiry-related content that will allow them to think and engage them in problems.” This 

response reveals that Mrs Zikalala understands the connection between curricular saliency 

and conceptual teaching strategies. She states that this “relevant” content must be taught 

using inquiry and problem-based learning, which are part of ESD pedagogy. 

When asked about what she had learnt, during the intervention about sustainability and 

education for sustainability, she acknowledged that this was a new thing for her. She 

continued to state:  

“I learnt that sustainability is development that is more concerned with our 

tomorrow. It‟s just a paradigm for thinking about the future in which environmental, 

social and economic considerations are balanced.” 

She continued to say: 

“It's about teaching about sustainability issues so that we become responsible. That it 

is my duty, it is my role to create awareness about these issues that affect them, the 

kids that we teach.” 
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She concluded by saying that she also learnt about some issues and how they can be 

incorporated into the curriculum. Mrs Zikalala‘s response demonstrates how her knowledge 

of the curricular saliency of the topic has changed. It also shows that she is now more aware 

of her role as a teacher in ESD. 

In response to what she learnt about being a good teacher, she said: 

“I feel science can become so abstract and becomes out of touch... know the issues 

that are relevant to them [the students] and know how they think, what they think so 

that I can recognise and engage that knowledge by creating opportunities for them to 

reveal their thinking.” (Mrs Zikalala) 

This response shows that Mrs Zikalala understands the importance of assessing student 

thinking to make the learning process more meaningful. 

She continued to say that she learnt the importance of “engaging learners with the teaching 

aids, knowing how exactly to do this to achieve a type of learning that is more inquiry-based 

and more student-centred”. Her response revealed aspects of knowledge on conceptual 

teaching strategies.   

In her responses, there was evidence that Mrs Zikalala had gained knowledge of all three 

components of PCK.  

6.3.1.2 Post-PCK, as Inferred from Mrs Zikalala’s Post-questionnaire Responses 

In this section, I discuss the modifications made by Mrs Zikalala to the responses in her pre-

questionnaire. These modifications took place after she had completed the online 

intervention. For uniformity, the modifications were grouped according to the PCK 

component under which they fall. Each modification was discussed to reveal whether the 

modification resulted in any changes to the scoring of the teacher‘s responses using the PCK 

rubric. 

Curricular Saliency 

Mrs Zikalala made two lengthy additions under this component. Her first addition was in 

response to whether she agreed with the inclusion of sustainability issues into the curriculum 

and why. For this question, her score for the initial PCK was a three. In addition, she gave 

two more reasons in line with two of the aims of the EGCSE syllabus. She stated, ―to give 
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them the skills necessary to handle social and environmental changes and actually lead lives 

at which they can care for and respect our planets resources too”. Figure 6.2 shows the part 

of the addition in which the two aims were mentioned. 

Figure 6.2. 

Mrs Zikalala‟s addition to the question on the inclusion of environmental issues into the curriculum 

 

Her final response to this question included reasons linked to all three of the aims of the 

syllabus. This showed exemplary knowledge in this area, and she was scored a 4 (See Figure 

6.3). 

Figure 6.3. 

Rubric extract showing indicators for Mrs Zikalala‟s knowledge on inclusion of environmental issues 

into the curriculum 
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When asked why it was important for students to know about conserving resources, her pre-

intervention response gave her a score of 4. After the intervention, she decided to add to her 

initial response by mentioning that students need ―to take responsibility for their actions and 

contribute their vision for a sustainable future” and “This is an opportunity to give the 

younger generation the ideas necessary to handle the social and environmental changes that 

occur in the near future”. (See Figure 6.4) 

Figure 6.4. 

Mrs Zikalala‟s modification on the importance of students knowing about the big ideas 

               

Her reasons were appropriate and she continued to show an in-depth understanding of the 

need for students to be taught about the existing problems and also how to solve these 

problems and take responsibility. Mrs Zikalala‘s knowledge is exemplary, and she was scored 

a four. 

Conceptual Teaching Strategies 

She also modified her response on the teaching strategies she would use to teach big idea A. 

She added, “student-led discussions” (See Figure 6.5). The teaching strategy added by Mrs 

Zikalala did not affect her initial score of 3. The score was unchanged because she did not 

present a reason why she would employ the discussion and did not explain how the 

discussions would be used to support conceptual understanding. 



146 
 

Figure 6.5. 

Mrs Zikalala‟s modification to choice of teaching strategy for Big Idea A 

 

When listing the questions she considered important to ask her learners; she scored a 4 on the 

pre-questionnaire. After the intervention, she added one more question, “What solutions can 

we provide in a quest to curb the impact extraction of resources has on the environment?” 

This question also required students to use their problem-solving skills, and as such, her 

knowledge in this area remained worth a four. 

She also modified her response on the representations she would use to teach Big Idea B. She 

added a “blueberry muffin activity” and ―field trips to local mines in the country”. For each 

of these representations she described why she chose these representations and how they 

would be used to support conceptual development. The representations added by Mrs 

Zikalala did not affect her initial score of 3. This was because there was no logical 

sequencing of the use of these representations. 

In her response to the pre-questionnaire, Mrs Zikalala showed no evidence of knowing 

appropriate assessment methods and, as such, was scored a one. After the intervention, she 

added: 

“The use of higher order thinking strategies where learners are not only answering 

questions related to problems identified but actually identifying solutions” and 

“designing methods/ models that can be useful in curbing the environmental issues we 

are facing imposed by mining.‖ (Mrs Zikalala) 

The assessment strategy that she added shows a link to the concept of mining. Her emphasis 

on the need to encourage problem-solving and critical thinking shows an exemplary 

knowledge of assessment methods, and she was scored a 4 (See Figure 6.6 below).  
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Figure 6.6 

Rubric extract showing scoring indicators for Mrs Zikalala‟s assessment methods 

 

Student Understanding 

Mrs Zikalala made only one modification under this component. She modified the type of 

questions she would use to assess students‘ thinking. In the pre-questionnaire, she revealed 

exemplary knowledge in this area. The questions she added were, ―Is the mining problem a 

problem for everyone? Do these impacts call for concern? How can we conserve resources?” 

These questions added to the already extensive list of questions, and her score remained a 

four. 

6.3.1.3 Post-PCK, as Inferred from Mrs Zikalala’s Lesson Plan 

Curricular Saliency 

Mrs Zikalala stated the lesson's purpose to be, “To identify the impact mining has had on the 

vegetation, human beings as well as animals”. Although her reason was clear, and she 

mentioned the environmental and social effects of mining, she did not mention the knowledge 

and skills students would gain to help them tackle these environmental issues. Her score 

based on the lesson plan would have been a 2, but as she scored a 4 in the post-questionnaire, 

her score remained a four. 

According to her, the knowledge students should have to understand the new concepts are 

“the different mining methods, the importance of mining and how minerals mined are used in 

our everyday life”. These ideas are appropriate as these are the pre-knowledge needed by the 

students. However, her list is not extensive as she is missing an important concept relating to 

the sources of metals. This reveals a developing knowledge in this area, so her score is 

changed from a two to a three.  

Mrs Zikalala gave four learning outcomes for her lesson. She wrote,  
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Describe the environmental impacts of mining on vegetation, describe the 

environmental impacts of mining on human beings, describe the environmental 

impacts of mining on animals and provide solutions on the negative impacts mining 

has had on the environment. (Mrs Zikalala) 

She gave appropriate outcomes, and sequencing was evident. All the important ideas were 

mentioned, so her knowledge in this area remained exemplary, and she was scored a four. 

Conceptual Teaching Strategies 

Mrs Zikalala chose to use question and answer, teacher-led discussions and presentations as 

her instructional strategies for the lesson. Since these are general strategies, the researcher 

sought evidence, under the activities section, of how these strategies were used and if they 

showed learner involvement. She started the lesson by using questioning to assess students‘ 

prior knowledge and then used an activity where students were to extract blueberries from a 

muffin and answer her questions in a teacher-led discussion. For the main activity, students 

would be given handouts to assist them in preparing for a presentation on the impacts of 

mining and solutions to those impacts. Although the teaching strategies seem general at first, 

her description of how these would be used, showed evidence of participatory learning, 

collaboration and problem-solving, which are key characteristics of ESD. Her score in the 

post questionnaire was a three. However, because of her description in the lesson plan of how 

these strategies would be used, she was given an overall score of four. 

The questions that she thought were essential to her teaching were: “How has mining affected 

the environment (human beings, vegetation and animals)?”, “What alternative resources can 

be used instead of mining these resources?” and “How can we minimise the impacts of 

mining?” The questions are related to the key idea and there is evidence of questions that 

require higher-order thinking and problem-solving. Her knowledge in this area is exemplary, 

and her score remained a four. 

She decided that she would use blueberry muffins and hand-outs on mining and its impacts as 

her resources for the lesson. She described student and teacher activities and under the 

questions she would ask during the activity, how the muffins and handouts would be used. 

Her description showed evidence of how these resources would support conceptual 

development. Although her selection of representations was not extensive, she was the only 

teacher amongst the participants who included the actual handouts she would use. The 

handouts provided information on “how mining has affected certain spheres of the world” 
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and were excerpts focusing on the impacts of mining in South Africa, Kenya and the United 

States of America. These gave the researcher a clearer picture of her lesson, and as such she 

was scored a four.  

Mrs Zikalala chose to assess her students with “reading and writing on what has been done 

so far to try to rehabilitate areas affected by mining” and “Writing on what global views do 

other countries have on mining impacts and what is being done. According to her lesson 

plan, the students would have already made presentations on different solutions as each group 

was given a different handout. This could have been an extension activity. This assessment 

strategy is appropriate as it promotes research skills as well as independent learning with the 

aim of finding solutions to the environmental challenges caused by mining. Her score on the 

assessment remained a four. 

Student Understanding 

She gave an extensive list of questions she would use to determine student understanding. 

The questions she planned to ask during her introduction using the blueberry muffin activity 

were, “Why is mining important? Is it possible to extract the blueberries from the muffins and 

leaving the muffin intact? Can the muffin return to its original state?” and “What is the 

aftermath of mineral extraction?” For her main activity, the questions she planned to ask 

were, “What are the environmental impacts of the extraction of metals on vegetation, human 

beings and animals?” and “What solutions can be provided?” During the conclusion of her 

lesson, she would ask, “Is it possible to make a mine return to its original state?” and “Why 

is mining something everyone should be concerned about?” There was evidence of questions 

that elicited student thinking, and the questions were aligned to the teaching strategies and 

resources she planned to use. For this reason, her score was a four. 

6.3.1.4 A Summary of Mrs Zikalala’s Post-PCK 

Table 6.2 summarises Mrs Zikalala‘s post-PCK. As mentioned earlier, the final score for each 

category was found by selecting the higher scores received from the post-PDI questionnaire 

(pPCK) and the lesson plan (ePCK). This value is considered the final post PCK score 

because ePCK is a subset of pPCK. 
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Table 6.2 

Summary of the observations made on Mrs Zikalala‟s post PCK using the rubric 

Component of PCK 

Score from 

questionnaire(pPCK)/ 

Score from lesson 

plan(ePCK) 

Final score (PCK) 

Overall score 

for PCK 

component 

Curricular saliency   

Concepts addressed when teaching 4/4 4 

Pre-concepts required by students 2/3 3 

Inclusion of environmental issues  4/4 4 

Importance of knowing about the big ideas 4/4 4 

  3.8 

Conceptual teaching strategies   

Teaching strategies/ method 3/4 4 

Questions to be asked 4/4 4 

Representations 3/4 4 

Assessment strategies 4/4 4 

  4.0 

Student Understanding   

Difficulties 2/2 2 

Student misconceptions 4/4 4 

Questions to access thinking 4/4 4 

  3.3 

Overall post- PCK 3.7 

 

An analysis of Mrs Zikalala‘s pPCK score from the post-PDI questionnaire and her ePCK 

score from the lesson plan shows that either her pPCK score and ePCK were the same or her 

ePCK score was higher than her pPCK score. This suggests that Mrs Zikalala was able to 

draw on her pPCK to demonstrate her ePCK. 

6.3.1.5 An Interpretation of Findings from Mrs Zikalala 

Mrs Zikalala‘s overall post-PCK was considered to be exemplary. This suggests that she 

could draw on the cPCK in the intervention and demonstrate her pPCK. According to Carlson 

and Daehler (2019), there are amplifiers and filters that determine what is transferred from a 

cPCK to a teachers own pPCK. It is evident from Table 6.2 that Mrs Zikalala‘s highest post-

PCK score was in the component of conceptual teaching strategies. When looking back at 

Mrs Zikalala‘s interview responses, she said, ―science can become so abstract and becomes 
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out of touch”. From this statement, we could infer that her belief about the nature of science 

content could have acted as an amplifier and allowed her to sufficiently draw on the cPCK 

about knowledge and skills about CTS and demonstrate an exemplary pPCK. As mentioned 

above, when comparing Mrs Zikalala‘s post-pPCK and post-ePCK, her ePCK is always the 

same as her pPCK or higher. This suggested that she could sufficiently transfer PCK from the 

cPCK to her pPCK and later demonstrate it in her ePCK. Another possible amplifier could be 

Mrs Zikalala‘s knowledge and belief about her purpose for teaching. This belief was evident 

in an interview response when she said,“it is my duty, it is my role to create an awareness 

about these [sustainability] issues”. Although she had an overall exemplary post PCK, we 

cannot overlook the possibility of filters as she scored lower in the component of knowledge 

and skills related to students‘ understanding. These filters, however, could not be identified. 

6.3.2 Mrs Dlamini’s Post-PCK 

6.3.2.1 Post-PCK, as Inferred from Mrs Dlamini’s Interview 

When asked if she thought her lesson planning experience would be different in light of the 

knowledge she had gained during the intervention, she mentioned that her questioning 

strategy would be different. She started by describing how she did things in the past and 

stated how she would change. 

Before a lesson, I would usually pop in one or two questions that are more about 

introducing the topic. It was never detailed, I never asked with the intention of finding 

out how much they really know, I just asked to take them into what I am going to be 

teaching about; then I would go further. But the intervention has taught me to be more 

detailed when asking about what they know, where they learnt about it and exactly how 

much they know about this topic.(Mrs Dlamini; Interview 2) 

This response proved that Mrs Dlamini understands that questioning can be used to assess 

students‘ thinking. 

When asked about what she had learnt during the intervention about sustainability and 

education for sustainability, she responded by saying, ―I am currently doing my master‟s, so 

the things about sustainable development I knew even before the intervention as we did some 

research on it”. However, she added that she had learnt something about ESD, particularly 

“how you can look for relevant topics in the syllabus and use them to talk about 

sustainability in your teaching”. This response gives us a sense of how her knowledge about 
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curricular saliency of the topic has changed. Something else she said she learnt, was “the 

reclamation process, I had never even heard that word, but surely now I will teach my 

students about it”. 

In response to what she learnt about being a good teacher, she stated that: ―A good teacher 

must be well prepared on even the questions that they will ask the students. If the questions 

are thought about before the lesson, then they can be used to help the students understand 

better”. She added that “a teacher must be able to choose teaching methods that will make 

students more involved as they are our future problem-solvers, we can‟t keep spoon-feeding 

them, they must learn to be researchers”. 

These responses are related to the component of conceptual teaching strategies as she 

acknowledges that a good teacher should carefully consider the questions and teaching 

methods they plan to use during a lesson. 

In both responses, Mrs Dlamini emphasises that what she gained most from the intervention 

is the type of questions to ask learners, when to ask them and the importance of planning the 

questions to be more useful in supporting conceptual development.  

6.3.2.2 Post-PCK, as Inferred from Mrs Dlamini’s Post-questionnaire 

In this section, I discuss the modifications and additions made by Mrs Dlamini to the 

responses in her pre-questionnaire. These modifications took place after Mrs Dlamini 

completed the online intervention. The modifications were grouped according to the PCK 

component under which they fall for uniformity. Each modification is discussed to reveal 

whether the modification caused any changes to the scoring of the teacher‘s responses using 

the PCK rubric. 

Curricular Saliency 

Mrs Dlamini made changes to two of her responses under this component. For the first 

question, her score for the initial PCK was a two. She then added the ―sustainability and 

reclamation procedure‖ (See Figure 6.7 below). Although the model answers and master 

CoRe suggested the added concept as being important, she has not yet reached the score of 

three because she did not include the second big idea, so her score remained a two. 
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Figure 6.7 

Modifications to the concepts addressed when teaching (CS1) 

When asked why it was important for students to know about conserving resources, she 

maintained her initial response and added ―to learn reclamation procedures‖ (See Figure 6.8) 

Figure 6.8 

Modifications on the importance of knowing about the big ideas (CS4) 

 

Her reason was appropriate and showed a link to the students‘ roles. It can also be seen in 

Figure 6.9 that the reason added by Mrs Dlamini was a suggestion in the master CoRe. Her 

score, therefore, changed from a two to a three. 
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Figure 6.9 

Extract of master CoRe showing suggestions on why it is important for students to know about the big 

ideas 

 

 

Conceptual Teaching Strategies 

She also modified her response on the representations she would use to teach Big Idea B. She 

added, “reclamation plan of mines developed to tourist areas” (See Figure 6.10). The 

representation added by Mrs Dlamini did not affect her initial score of two. This was because 

no reasons were identified and no explanations were provided of how the reclamation plan 

would be used to support conceptual understanding. 

Figure 6.10 

Modifications to choice of representations (CTS3) 

 

In her response to the pre-questionnaire, Mrs Dlamini showed no evidence of knowing 

appropriate assessment methods and as such, was scored a one. After the intervention, she 

added “classwork with questions of the extraction of metals and sustainability”. However, 
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this assessment strategy was considered general and had no indication of how it would be 

linked to the concepts. For this addition, she was scored a two (See Figure 6.11). 

Figure 6.11 

Rubric extract showing scoring indicators for assessment methods 

 

 

Student Understanding 

When asked to review her responses, Mrs Dlamini modified the type of questions she would 

use to access students‘ thinking. The additions can be seen in Figure 6.12. 

Figure 6.12 

Modifications to questions used to access student thinking (S3) 

 

As seen in Figure 6.12, she made a seemingly small adjustment to her third question, which 

meant that all her questions were now clearly formulated. Clear formulation of a question 

was an indicator of a developing PCK in the PCK rubric. When considering the 

misconception Mrs Dlamini mentioned about students believing that mining damages were 

permanent, the added fourth question is evidence of a link to student understanding. For this 

reason, her knowledge of questions used to access students‘ understanding moved from basic 

to developing, and she was scored a three. 
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6.3.2.3 Post-PCK, as Inferred from Mrs Dlamini’s Lesson Plan 

Curricular Saliency 

For the lesson, Mrs Dlamini stated two reasons, ―To discuss the environmental impact of the 

mining on the vegetation, human beings and animals. To emphasise the importance of 

conservation of resources”. Although her reasons were clear, she did not mention the 

knowledge and skills students would gain to help them tackle these environmental issues. Her 

score based on the lesson plan would have been a two but she scored a three in the post-

questionnaire; therefore, her score remains a three. 

When asked about the knowledge that students should have to understand the new concepts, 

she lists, ―How does mining affect the environment –vegetation, human beings and animals? 

What can be done to reduce the impacts of mining?‖ These ideas are not appropriate as these 

questions are related to the new knowledge the students would gain rather than the pre-

knowledge that should already be in place. She reveals a limited knowledge in this area of the 

lesson plan and would have scored a one, but her score in the questionnaire was a two; 

therefore, the score remains a two. 

For her learning outcomes, she wrote, “To understand that mining disrupts the environment 

and ecosystem” and “To discuss things that can be done to sustain the environment”. These 

outcomes are appropriate and sequencing is evident, but an important idea is missing. Even 

though she did not mention the social effects of mining, her knowledge seems to have 

improved; thus, her score is now a three.  

Conceptual Teaching Strategies 

Mrs Dlamini used question and answer sessions, group discussions, brainstorming and 

presentations as her instructional strategies (See Figure 6.13). Although these are general 

strategies, the description of the use, under the activities section, of brainstorming before the 

presentations encourages students to speak, listen, write and collaborate with other students. 

She was scored a three because she described how these strategies would be used, which is 

higher than her score of two in the questionnaire. This gave her an overall score of three. 
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Figure 6.13 

An extract from Mrs Dlamini‟s lesson plan showing conceptual teaching strategies 

 

 

She used a hand-out on mining and pictures of a mine before and after mining as her lesson 

resources. Although she showed how the pictures would be used under student and teacher 

activities (See Figure 6.13), there was inadequate evidence of how these resources would 

support conceptual development. The score given to her was the same as the score from the 

questionnaire response, so her score remained a two. 

 

The questions that she thought were essential were “How does mining affect the 

environment?” and “What can be done to sustain the environment-reclamation procedures?” 

The first question was identical, and the second question was similar to the ones used by the 

researcher in the example lesson plan given to the participants at the beginning of the 

intervention. The researcher decided not to score Mrs Dlamini for her knowledge on 

questions that she considered important to ask during the lesson because this was not a true 

reflection of her own pPCK. Her score in this area remained a two. 
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Mrs Dlamini chose to assess her students with a written report. She stated, ―each student to 

submit written report (two pages)–to be evaluated based on how their problem was 

addressed and the success of reclamation plan”. In her main activity, the students would 

work in groups to identify the problems arising from mining. The groups focused on 

vegetation, animals or humans. She referred to the problems they would have identified in 

class in her assessment. This assessment is appropriate and links to the concepts to be 

discussed during the lesson. According to her lesson plan, the students would have discussed 

and made presentations on reclamation procedures. This assessment method gives Mrs 

Dlamini a score of three, which is an improvement on the score she received from her 

response to the questionnaire. 

Student Understanding 

Mrs Dlamini gave an extensive list of questions she would use to determine student 

understanding. Figure 6.14 shows the questions she planned to ask her students throughout 

the lesson. There was evidence of questions to elicit student thinking, and the questions were 

aligned to the teaching strategies and resources she planned to use. The questions she gave in 

the lesson plan improved her response in the questionnaire, giving her a score of four. 

Figure 6.14 

Mrs Dlamini‟s lesson plan showing the questions she would use to check for student understanding 

 

Mrs Dlamini‘s lesson plan had several similarities to the one the researcher gave to the 

participants before the intervention as part of the resource pack. When asked about the 

similarities in the final interview, she stated, “I liked the idea of reclamation procedures and 

wanted to do a similar lesson with my own students”.  
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6.3.2.4 A Summary of Mrs Dlamini’s Post-PCK 

She had responses in the interview and post-questionnaire that were evidence of the 

development of her pPCK, but when asked to design a lesson, she could not draw on her 

pPCK and enact it in a lesson plan. This could mean that although the cPCK had become part 

of her own pPCK. Mrs Dlamini was not ready to put the pPCK she had revealed into action 

and enact her PCK. In cases where she copied the example lesson plan, the researcher did not 

give any credit, but where changes were made, the changes were analysed to see if credit was 

due. 

Table 6.3 summarises Mrs Dlamini‘s post-PCK. The final score for each category was found 

by selecting the higher of the scores received from the questionnaire and lesson plan. 

Table 6.3 

A summary of the observations made on Mrs Dlamini‟s post-PCK using the rubric 

Component of PCK 

Score from 

questionnaire 

(pPCK)/Score 

from lesson plan 

(ePCK) 

Final score (PCK) 

Overall score 

for PCK 

component 

Curricular saliency   

Concepts addressed when teaching 2/3 3 

Pre-concepts required by students 2/1 2 

Inclusion of environmental issues  2/2 2 

Importance of knowing about the big ideas 3/2 3 

  2.5 

Conceptual teaching strategies   

Teaching strategies/method 2/3 3 

Questions to be asked 2/2 2 

Representations 2/2 2 

Assessment strategies 2/3 3 

  2.5 

Students Understanding   

Difficulties 2/2 2 

Students misconceptions 2/2 2 

Questions to access thinking 3/4 4 

  2.7 

Overall post-PCK 2.6 
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An analysis of Mrs Dlamini‘s pPCK score from the post-PDI questionnaire and her ePCK 

score from the lesson plan show that most of the time, both her pPCK score and ePCK were 

the same, or her ePCK score was higher than her pPCK score. However, there are two 

instances where her ePCK is lower than her pPCK (highlighted). In identifying pre-concepts 

required by students and explaining why it is important for students to know about the big 

ideas, Mrs Dlamini could not draw on her pPCK to demonstrate her ePCK. This means her 

PCK development in terms of understanding did not match her development to the extent of 

application as she could not apply what she had learnt. This concurs with a finding from a 

study by Mazibe et al. (2018), comparing teachers‘ reported and enacted PCK about graphs 

of motion. It was found that all teachers showed a lower enacted PCK than a reported PCK in 

at least one component of PCK. 

6.3.2.5 An Interpretation of Findings from Mrs Dlamini 

Mrs Dlamini‘s overall post-PCK was found to be developing. However, there was one 

instance where her post-PCK was seen to be exemplary in the area of using questions to 

assess students‘ thinking. This suggests the possibility of an amplifier in this area that 

allowed her to sufficiently draw on the cPCK in the intervention and demonstrate her pPCK. 

Her ePCK in this area was also higher than the pPCK. In her interview responses, she says, “I 

never asked with the intention of finding out what they really know”. From this response, we 

can infer that this is her perceived self-efficacy. Self-efficacy and enthusiasm are amplifiers 

and filters of teacher competence (Sorge et al., 2019). It is worth noting that after this 

statement, Mrs Dlamini mentioned twice that she put more effort into her questioning. There 

is a possibility that this realisation became an amplifier and allowed her to draw from her 

pPCK and demonstrate an ePCK. 

As mentioned earlier, there are two instances where her ePCK is lower than her pPCK, both 

under the component relating to her knowledge and skills about the curricular saliency of the 

topic. This finding was not expected because in one of the interviews she had said, “I am 

currently doing my master‟s, so the things about sustainable development I knew before the 

intervention”. The researcher believed this would have been an amplifier in the area of CS, 

but this was not evident in the findings. This suggests that there could have been another 

factor that was acting as a filter in this area. Looking back at her interview responses, the 

researcher found two possible filters. In Chapter 4, Mrs Dlamini said, “we can‟t keep spoon-

feeding them; they must learn to be researchers”. This response could mean that she might 

have focused less on the concepts because she thought it was not her responsibility. Also, this 
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response could reflect her own learning experiences as a student herself, translating into a 

belief that students should go out and find their own content. Another possibility was found 

in the responses in the Chapter 5 interviews. The researcher found that Mrs Dlamini‘s focus 

was not on the environmental aspect of sustainability but instead on the social aspect. She 

repeatedly mentioned issues that are not directly related to chemistry, such as “inequality”, 

“gender-based violence” and “health and disease”. This alerted the researcher to the 

possibility that in her Master's studies, Mrs Dlamini‘s knowledge of sustainable development 

could have focused significantly on the social aspect of sustainability. 

6.3.3 Mr Mavuso’s Post-PCK 

6.3.3.1 Post-PCK, as Inferred from Mr Mavuso’s Interview 

In light of the new knowledge that he had received about ESD and the attributes of a good 

teacher, Mr Mavuso stated that his lesson planning would be different. He described how his 

knowledge of ESD would change his teaching strategies by saying: 

In my older lesson plan, the section where I planned about my teaching methods, I 

usually used teacher-led discussions and experiments. Those are the teaching 

methods that I mostly used. But now that I am aware and understand that ESD 

promotes participatory learning, I will include presentations in my methods where the 

learners will be able to share ideas, solve problems and then present them to the 

whole class.(Mr Mavuso; Interview 2) 

This response shows that Mr Mavuso is now aware of some of the characteristics of ESD, 

namely participatory learning and that he will try to involve all students in the learning 

process. 

He went on to say: 

In my traditional lesson planning, in the prerequisite information section, I would 

usually assume that my learners know about general issues related to the topic and I 

would not question them. So now that I've looked through the presentation, so now I 

will question my learners in order to assess their prior knowledge to the topic and, 

that will help me to understand what my learners are thinking. (Mr Mavuso; 

Interview 2) 
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This response demonstrates how his knowledge about student understanding has changed. He 

acknowledges that he did not previously take time to assess students‘ prior knowledge. 

When asked about what he had learnt during the intervention about sustainability and 

education for sustainability, he responded that he did not know “that there are sustainable 

development goals and that education holds a key position in the sustainable development 

goals.” He also added that he has learnt “about the characteristics of ESD and how it is 

implemented into teaching.” 

In response to what he learnt about being a good teacher, he said that “a good teacher must 

know issues that are relevant to learners” and “a teacher must be able to recognise them 

(issues) in our existing syllabus.” He added that he also learnt that “a teacher must be able to 

select instructional strategies that promote meaningful learning”. These responses are 

evidence of how Mr Mavuso‘s knowledge about the curricular saliency and conceptual 

teaching strategies of the topic has been altered. 

His responses showed that Mr Mavuso had gained knowledge on different aspects of the 

three components of PCK. 

6.3.3.2 Post-PCK, as Inferred from Mr Mavuso’s Post-questionnaire 

In this section, I discuss the modifications Mr Mavuso made to the responses in his pre-

questionnaire. These modifications took place after he had completed the online intervention. 

The modifications were grouped according to the PCK component under which they fall for 

uniformity. Each modification was discussed to reveal whether the modification caused any 

changes to the scoring of the teacher‘s responses using the PCK rubric. 

Curricular Saliency 

Mr Mavuso made only one modification under this component. In response to the question on 

whether he agreed with the inclusion of sustainability issues into the curriculum and why, he 

added that “it helps learners to think beyond technical chemistry concepts, by giving them 

skills to apply and solve everyday life environmental situations they face”. For this question, 

his score for the initial PCK was one. His additional justification was well articulated and in 

line with one of the aims of the EGCSE syllabus. Figure 6.15 below shows how his 

knowledge in this area changed from limited to developing, and he was scored a three.  
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Figure 6.15 

A rubric extract showing Mr Mavuso‟s post-PCK about the inclusion of environmental issues into the 

curriculum 

 

Conceptual Teaching Strategies 

Mr Mavuso also modified his response on the teaching strategies he would use to teach the 

big ideas by completely changing his choice of strategies. Figure 6.16 shows how Mr Mavuso 

changed his teaching strategies from student-led discussions and visualisation, in the pre-

questionnaire, to simulations and class discussions, in the post-questionnaire. He confirmed 

his new insights, saying, ―simulations encourage learners to participate” and “class 

discussions help learners develop strong communication skills”. These justifications are clear 

and consistent with ESD-specific strategies; therefore, his pre-PCK score was changed from a 

two to a four, as his knowledge of teaching strategies was now seen as exemplary. This 

response corresponds with Mr Mavuso‘s interview response where he said, “now that I am 

aware and understand that ESD promotes participatory learning, I will include presentations 

in my methods where the learners will be able to share ideas, solve problems and then 

present them to the whole class”. 

Figure 6.16 

Mr Mavuso‟s modifications to his conceptual teaching strategies 
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He also modified his response on the assessment strategies he would use when teaching the 

big ideas. He added that ―learners would be given questions, then gather information and 

present it to the class” (See Figure 6.17 ). Although this assessment strategy was appropriate, 

there were no indications of how it was linked to either of the big ideas, so his score remained 

at two. 

Figure 6.17 

Mr Mavuso‟s modifications on the assessment strategies he would use 

 

 

Student Understanding 

When asked to review his responses to questions under this component, Mr Mavuso changed 

two questions. When asked what he found difficult about teaching Big Idea B, he decided to 

completely change his response by saying, ―explaining the issue of global warming and 

climate change” and ―explaining the technical terms; greenhouse gas, global warming and 

climate change”. When compared with the model answers (Figure 6.18), these difficulties 

faced by Mr Mavuso are appropriate and related to the key concepts. Still, he did not give any 

reasons for the difficulties, which led to a score of two as his knowledge in this area remained 

basic. 
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Figure 6.18 

Model answers showing difficulties related to teachers and the reasons 

 

Mr Mavuso also modified the misconceptions he would encounter while teaching the big 

ideas. In the pre-questionnaire, he responded with student difficulties instead of 

misconceptions. On changing his response, he stated that students are “unable to differentiate 

the environmental terms; ecosystem and habitat” and “unable to differentiate the terms 

global warming and climate change. He also added that students say, ―conservation is the 

maintenance and protection of animals only, not plants” (See Figure 6.19). These responses 

refer to students‘ misunderstandings, and so his score remained a one. 

Figure 6.19 

Mr Mavuso‟s post-questionnaire response to the question on student misconceptions 

 

6.3.3.3 Post-PCK, as Inferred from Mr Mavuso’s Lesson Plan 

Curricular Saliency 

For the lesson, Mr Mavuso explained the reason was “to create awareness on the impacts of 

mining metals and other minerals to the environment.” Although his reason was clear, and he 
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mentioned the environmental impact of mining, he did not link this to the social effects of 

mining. He also did not point out the problem-solving knowledge and skills that students 

would gain to deal with these environmental issues. He would have scored two based on the 

lesson plan, but he scored a three in the post-questionnaire; therefore, his score remains a 

three.  

According to him, the pre-concepts students should have to understand the new concepts are 

―knowledge on what takes place during mining, how metals are extracted from their ores and 

how the environment around a mine looks like”. The first and second ideas that he mentioned 

are appropriate. The third concept is inappropriate as it relates to the new knowledge the 

students would gain during the lesson. He reveals limited knowledge of prior knowledge in 

the lesson plan, but his score in the post-questionnaire was a three and so remains a three. 

Mr Mavuso stated two learning outcomes for his lesson. He said the intended outcomes were 

“to explain how mining harms the soil, water, air and vegetation” and “to devise a 

reclamation plan for a mine after mining ceases in order to restore biodiversity”. Although 

the outcomes he gave were appropriate and sequencing was evident, the important idea about 

the impact of mining on animals/humans was not considered. This revealed that his 

knowledge was developing and his score remained a three.  

Conceptual Teaching Strategies 

The instructional strategies that Mr Mavuso chose to use for the lesson were simulation, 

presentation and class discussion. Evidence under the activities section of the lesson plan 

made it clear that these strategies were student-centred and relied on learner involvement. He 

introduced the lesson with a simulation of the process of mining. Students were instructed to 

“locate and recover the ore within a certain amount of time”. During this time, he would 

lead a class discussion which would be followed by students presenting their findings on how 

much ore they mined and comparing ―the condition of the muffin before mining and after 

reclamation”. The description of how these teaching strategies would be used shows 

evidence of participatory learning, collaboration and problem-solving, which are key 

characteristics of ESD. His score in the post questionnaire was a four, and because he 

described how these strategies would be used, his score remained a four. 

The questions that he thought were essential to his teaching were “How does mining change 

the Earth‟s surface?”, “Describe practices at mine sites that could reduce environmental 
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impacts of mining” and “How does reclamation reduce impacts of mining after mining 

ceases?” These questions are related to the key idea, and there is evidence of questions that 

require higher-order thinking and problem-solving. His knowledge in this area was seen as 

exemplary, and his score was changed from a two to a four. 

The resources that he chose to use for his lesson were “blueberry muffins, straws, spatulas, 

toothpicks” and a student worksheet. The blueberry muffin and the mining tools were to be 

used during the simulation. For the main activity, students would be given a worksheet 

“comprising of a diagram showing activities at a mine and a table to be completed”. The 

descriptions of the activities that would be carried out by the students and teachers and 

formed part of the questions that he would ask during teaching gave sufficient evidence of 

both justification and how the blueberry muffin would be used to support conceptual 

development. However, the description of the worksheet was inadequate and did not give a 

clear picture of how it would be used to support conceptual understanding or why it was 

chosen. Mr Mavuso was scored a two in the post questionnaire, and the knowledge he 

displayed in the lesson plan was also seen as basic, so his score remained a two. 

According to Mr Mavuso‘s lesson plan, “students will be given an assignment to go research, 

and write short essays arguing for or against the benefits of mining outweighing the impacts 

on the environment”. This assessment strategy is appropriate as there are indications of how 

it is linked to the main concept being taught. Although it may promote independent research, 

it does not promote problem-solving, which could have shown exemplary knowledge, but his 

knowledge is now seen as developing, and he scored a three.  

Student Understanding 

The list of questions he planned to ask during his simulation using the blueberry muffin 

activity was extensive. The questions were, ―How did mining the blueberries affect the shape 

of the muffin? What is the ratio of the ore to the waste rock after mining? In what way would 

the percentage of ore mined differ if you did not have to worry about preserving the surface 

of the muffin? Was the muffin able to be restored to its previous condition?” and “Explain 

some challenges in reclamation of the muffin”. For his main activity, the questions he 

planned to ask were, “How does mining affect the condition of the environment? How do the 

actions taken at the mine reduce the impacts of mining?” and “How does reclamation reduce 

the impacts of mining?” He planned to conclude the lesson with, ―Do you think the benefits 

of mining outweigh the impacts on the environment?” Although Mr Mavuso planned to ask 
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only one question during his conclusion, he gave an extensive list of questions that he would 

use to access student thinking and understanding during his introduction and main activity. 

There was sufficient evidence of questions to elicit student thinking, and the questions were 

aligned to the teaching strategies and resources he planned to use. For this reason, he was 

awarded a score of four. 

6.3.3.4 A Summary of Mr Mavuso’s Post-PCK 

Table 6.4 shows a summary of Mr Mavuso‘s post-PCK. The final score for each category 

was found by selecting the higher score received from the questionnaire and lesson plan. 

Table 6.4 

A summary of the observations made on Mr Mavuso‟s post PCK using the rubric 

Component of PCK 

Score from 
questionnaire 
(pPCK)/ Score 

from lesson plan 
(ePCK) 

Final score (PCK) 

Overall score 
for PCK 

component 

Curricular saliency   

Concepts addressed when teaching 3/3 3 

Pre-concepts required by students 3/3 3 

Inclusion of environmental issues  3/3 3 

Importance of knowing about the big ideas 3/3 3 

  3.0 

Conceptual teaching strategies   

Teaching strategies/method 4/4 4 

Questions to be asked 2/4 4 

Representations 2/2 2 

Assessment strategies 2/3 3 

  3.3 

Students’ Understanding   

Difficulties 2/2 2 

Students’ misconceptions 2/2 2 

Questions to assess thinking 1/4 4 

  2.7 

Overall post-PCK 3.0 

 

An analysis of Mr Mavuso‘s pPCK score and ePCK score shows that all the time, his pPCK 

score and ePCK were either the same or his ePCK score was higher than his pPCK score. 

This means that Mr Mavuso could sufficiently draw on his pPCK to demonstrate his ePCK. 
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6.3.3.5 An Interpretation of Findings from Mr Mavuso 

Mr Mavuso had an overall post-PCK that was developing. His highest score was in the 

component of knowledge and skills related to conceptual teaching strategies. This means that 

he could transfer knowledge from the cPCK and create his own pPCK. This transfer, as 

mentioned before, is informed by potential amplifiers and filters such as a teacher‘s attitudes, 

beliefs, knowledge and experiences. During his post-PDI interview Mr Mavuso revealed that 

in the past he used teacher-centred methods, and “now that I am aware and understand that 

ESD promotes participatory learning”, he will make an effort to include appropriate 

strategies into his teaching. We can infer from this response that this awareness and new 

knowledge could have acted as a possible amplifier in the knowledge and skills about the 

conceptual teaching strategies about the topic. 

Table 6.4 shows no instances where his ePCK was lower than his pPCK. This implies that for 

all areas under the three components of PCK, Mr Mavuso was able to draw on his pPCK to 

demonstrate his ePCK. According to the RCM, there are always amplifiers and filters 

informing the transfer of knowledge between the three realms of PCK, but these factors may 

not have been revealed to the researcher. 

6.3.4 Mr Cele’s Post-PCK 

6.3.4.1 Post-PCK, as Inferred from Mr Cele’s Interview 

Mr Cele was asked if he thought there would be a change in his lesson planning experience 

now that he was aware of ESD and the attributes of a good teacher. He mentioned that after 

this intervention, “there is no way that my lesson could be the same”. He pointed out that he 

is keen on incorporating sustainability issues into his teaching, when he said, “it is so hard, 

for some topics to put in sustainability, but I‟ve already started looking for some relevant 

topics in chemistry and biology.” He believes that when teachers plan a lesson, the most 

important question they should ask themselves is, ―how will this lesson impact the student‟s 

lives?” He adds that, “for a lesson to be successful it must change the students‟ thinking and 

behaviour”. To do this, he refers to the type of questions he will construct by saying, ―[they 

are] questions that will involve the students and turn them into a more critical thinking and 

problem-solving class.” 

This response shows that he understands that the content taught must be relevant to the 

students and promote critical thinking and problem-solving skills. These are both 

characteristics of ESD.  
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When asked what he had learnt about sustainability and education for sustainability during 

the intervention, he said there is little he did not know about sustainability. Concerning ESD, 

he said although he had heard about the concept, he had never been given a chance to think 

about it. He said he learnt that “it involves raising an awareness about social, environmental 

and economic issues that impact our students‟ lives and also their future”. He continued to 

say that he viewed ESD “as one vehicle to meaningful and quality education, which is the 

kind of education that responds to the issues that are relevant to the students”. 

This response reveals how Mr Cele‘s knowledge of the curricular saliency of the topic has 

changed.  He understands the importance of making content relevant to students. 

In response to what he learnt about being a good teacher, he said that it is “someone who can 

teach scientific content in such a way that the students understand what is in the curriculum 

and also apply it out of school, in real life situations”. He continued to emphasise his point 

and said, “a good teacher doesn‟t only need to know the curriculum but also needs to know 

how the content of the curriculum applies to the students”. This response shows that Mr Cele 

understands the importance of making learning more meaningful. 

In all his responses, there was evidence that Mr Cele had gained knowledge on the curricular 

saliency of the topic.  

6.3.4.2 Post-PCK, as Inferred from Mr Cele’s Post-questionnaire 

In this section, I discuss the modifications made by Mr Cele to the responses in his pre-

questionnaire. These modifications took place after he had completed the online intervention. 

The modifications were grouped according to the PCK component under which they fall for 

uniformity. Each modification was discussed to reveal whether it caused any changes to the 

scoring of the teacher‘s responses using the PCK rubric. 

Curricular Saliency 

Mr Cele made changes to three of the four questions under this component. His first 

modification was in response to the question about the four most important concepts he 

would address during his teaching of extraction of metals. Figure 6.20 shows the 

modifications made. For this question, his score for the initial PCK was a four. His modified 

response shows that his knowledge is exemplary, and his score remains a four. 
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Figure 6.20 

Mr Cele‟s modified response to the question on the most important concepts he would teach 

 

 

When asked which concepts needed to be taught to learners before the topic on metals 

extraction, he added two more concepts, namely, “renewable and non-renewable natural 

resources” and “formation of ions from salts in aqueous medium – in order to explain 

electrolysis”. Although these concepts are considered appropriate, the logical sequencing of 

the concepts was not evident, and as such, his knowledge of required pre-concepts was seen 

as basic, and his score remained a two. 

His pre-intervention response gave him a score of three when asked why it was important for 

students to know about conserving resources. After the intervention, he added to his initial 

response by mentioning that it enables students ―to make good decisions and take 

responsibility regarding matters associated with environmental factors, respecting 

themselves, others and nature”. He added that it also helps students “appreciate the role of 

chemistry in bridging the gap between life and school matter, that is, allowing learners to 

apply scientific knowledge in everyday life-related issues”. Mr Cele‘s pre-intervention score 

was a three, and his addition in the post-questionnaire response indicated his awareness of the 

need to create a sense of responsibility among the students. Figure 6.21 shows the knowledge 

indicators that led to his score being changed to a four.  
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Figure 6.21 

Rubric extract showing indicators for Mr Cele‟s knowledge on the importance of knowing about the 

big ideas 

 

 

Conceptual Teaching Strategies 

Mr Cele also modified his response on his teaching strategies to teach Big Idea A. His 

addition concerned why and how he would use his chosen strategies. Figure 6.22 shows Mr 

Cele‘s additions. Although he did give more detail on how he would use the strategies, his 

reasons still do not show any link to students' roles and as such his score remained a three.   
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Figure 6.22 

Mr Cele‟s modification to choice of teaching strategy for Big Idea A 

 

 

When listing the representations he would use to teach Big Ideas A and B, he added “a table 

comparing benefits of conservation and consequences of not conserving natural resources”, 

“a picture of the land before and after mining” and a picture or diagram of “a comparison 

between the damages caused by unsustainable mining and sustainable mining”. This 

response showed evidence of how each of these representations would be used to support 

understanding. However, this response showed no logical sequencing in using these 

representations, although his knowledge of representations was now seen as developing and 

his score was changed from a two to a three.  

In his pre-questionnaire response, Mr Cele was seen to have limited knowledge of 

appropriate assessment strategies and so was scored as a one. After the intervention, he 

added, ―learners can work in groups and make presentations on their conservation 

models/strategies of the resources” and “problem-based learning, where learners discuss 

and come up with solutions on conservation, development and environmental protection” and 

“designing methods/models that can be useful in curbing the environmental issues we are 
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facing imposed by mining”. The assessment strategies that he added show a link to both big 

ideas. They also encourage problem-solving and critical thinking. This modified response 

shows Mr Cele‘s exemplary knowledge of assessment strategies, and he was scored a four. 

Figure 6.23 shows the knowledge indicators for exemplary knowledge.  

Figure 6.23 

Rubric extract showing scoring indicators for Mr Cele‟s assessment strategies 

 

Student Understanding 

Mr Cele made two modifications under this component. His first modification concerned the 

difficulties that he may face when teaching the big ideas. He added that “improper selection 

of teaching aids can lead to a lot of misconceptions since learners have no life experience on 

mining”. According to the master CoRe, ensuring that representations are relevant is a 

difficulty faced by teachers, making Mr Cele‘s difficulty appropriate. He did not explain why 

a teacher may fail to select the correct examples, so his score remained a two. 

He also added to the type of questions he would use to access student understanding. The 

question he added was, ―can you develop a mining project that will observe conservation of 

species and environmental protection to a greater extent?” This question is closely related to 

the task that Mr Cele added as part of his assessment strategy when he said that learners 

would discuss and “make presentations on their conservation models”. This response 

showed that the question is linked to the conceptual teaching strategy that he would use and, 

therefore, his score was changed from a two to a three.  

6.3.4.3 Post-PCK, as Inferred from Mr Cele’s Lesson Plan 

Curricular Saliency 

Mr Cele stated the purpose of the lesson was “to discuss about the benefits and drawbacks of 

mining natural resources in relation to the environment”. Although his purpose for the lesson 

was clearly formulated, there was no link to society, and he did not mention the knowledge 
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and skills students would gain to help them tackle these environmental issues. He would have 

scored a two based on the lesson plan, but he scored a four in the post-questionnaire; 

therefore, his score remains a four.  

According to Mr Cele‘s lesson plan, the pre-concepts required for students to understand the 

new concepts are “the extraction processes” and “the importance of minerals in their daily 

life”. These ideas are appropriate as they are part of the knowledge required by students to 

understand the concept. Although the sequencing is logical, the list of ideas is not extensive. 

This reveals that his knowledge in this area is not yet exemplary but still developing, so his 

score is changed from a two to a three.  

The two learning outcomes Mr Cele set for his lesson were, “Describe the impacts of 

resource extraction on the environment” and “Identify the social, environmental and 

economic effects of mining on any given life event”. Although he gave appropriate outcomes 

with visible sequencing, the idea of finding solutions on how the effects of mining can be 

minimised was missing. His score based on the lesson plan would have been a three, but he 

scored a four in the post-questionnaire; therefore, his knowledge in this area remained 

exemplary. 

Conceptual Teaching Strategies 

Mr Cele chose to use exposition, discussion and presentations as his instructional strategies 

for the lesson. The researcher sought additional evidence under the activities section to 

determine how these strategies were used and why they were chosen. Mr Cele starts his 

lesson with an activity where students categorise renewable and non-renewable resources. 

This is followed by a teacher-led discussion where students recap what they have learnt about 

mining in previous lessons. For the main activity, students would be grouped and given a 

worksheet, blueberry muffins and some ―mining‖ tools. Their responses to the worksheet 

would be used to make a presentation. The second part of the main activity would have two 

projections of pictures. The first picture would be “of land before and after mining” followed 

by group discussions of the social, economic and environmental impacts of mining. The 

second projected picture would be “pictures of two mines; one which was developed with 

sustainability in mind and the other which was developed unsustainably”. This projection 

would be followed by a “debate on the impacts of each on the environment and discuss them 

as a class.” Mr Cele chose to conclude his lesson by highlighting the lesson‘s main points. 

Although the description of how these would be used showed evidence of learner 
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involvement, there was no evidence of enhancement of problem-solving skills which is a key 

characteristic of ESD. His score in the post questionnaire was a three, and because his 

description was not consistent with ESD-specific strategies, his knowledge was seen as 

developing, and his score remained a three. 

The questions that he thought were essential to his teaching were “How does mining affect 

the environment?” and “How does [the] impact of mining affect the society, environment and 

economy?” The questions are related to the key idea, and there is evidence of sequencing. 

Although sequencing demonstrates some reasoning, there is no evidence of questions that 

require critical thinking and problem-solving skills, and as such, his score remained a two. 

Mr Cele indicated that he would use blueberry muffins, paper towels, toothpicks, a razor, 

beaker, laptop and projector as his resources for the lesson. Under the sections student and 

teacher activities, and the questions he would ask during the activity, he described how he 

planned to use these items. Although his description showed evidence of how these resources 

would support conceptual development, his knowledge in the area of representations was 

seen as developing as his list was not extensive, and his score remained a three. 

For his assessment, he chose an assignment where the students would be asked to ―write half 

of a page about five things good about mining and five things that are bad about mining. The 

student should explain how their choice affects social, economic or environmental life”. 

According to his lesson plan, the students would have already discussed and debated the 

impacts of mining. This assessment strategy is appropriate as it promotes independent 

learning and critical thinking; however, it does not encourage problem-solving.  His score for 

knowledge of assessment in the lesson plan would have scored him a three, but his score 

from the post-questionnaire was a four, and so his knowledge is seen as exemplary. 

Student Understanding 

He gave a list of questions that he would use to determine students‘ understanding. The 

questions he planned to ask during his lesson introduction were: ―Does mining of minerals 

impact the environment?” and “What are the likely impacts of mining to; plants, animals, 

soil, water and humans?”  For his main activity, he planned to ask, “can you successfully 

mine the blueberries without destroying the muffin; can we mine natural resources without 

destroying the environment; how does mining impact the social life, the environment and the 

economy of the country; and how can we reduce the negative impacts of mining, while 
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ensuring sustainable development”. He planned to conclude his lesson with the question, 

“Does mining support sustainable development in terms of ensuring the wellness of future 

generations?” From this list, there was evidence of questions to elicit student thinking, and 

the questions were aligned to the teaching strategies and resources he planned to use. The list 

is not extensive, which reveals that his knowledge in this area is not yet exemplary but is still 

developing, and so his score remains a three.  

6.3.4.4 A Summary of Mr Cele’s Post-PCK 

Table 6.5 below shows a summary of Mr Cele‘s post-PCK. The final score for each of the 

categories was found by selecting the higher of the scores received from the questionnaire 

and lesson plan. 

Table 6.5 

A summary of the observations made on Mr Cele‟s post PCK using the rubric 

Component of PCK 

Score from 

questionnaire(pPCK)/ 

Score from lesson 

plan(ePCK) 

Final score (PCK) 

Overall score 

for PCK 

component 

Curricular saliency   

Concepts addressed when teaching 4/3 4 

Pre-concepts required by students 2/3 3 

Inclusion of environmental issues  3/3 3 

Importance of knowing about the big ideas 4/4 4 

  3.5 

Conceptual teaching strategies   

Teaching strategies/method 3/3 3 

Questions to be asked 2/2 2 

Representations 3/3 3 

Assessment strategies 4/3 4 

  3.0 

Student Understanding   

Difficulties 2/2 2 

Students misconceptions 1/1 1 

Questions to access thinking 3/3 3 

  2.0 

Overall post PCK 3.0 
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An analysis of Mr Cele‘s pPCK and ePCK scores shows that most of the time, both his pPCK 

score and ePCK were the same. There is only one instance where his ePCK score was higher 

than his pPCK score. There are also two instances where his ePCK is lower than his pPCK 

(highlighted). This suggests that in identifying concepts that would be addressed during 

teaching and assessment strategies, Mr Cele was unable to draw sufficiently on his pPCK to 

demonstrate his ePCK. 

6.3.4.5 An Interpretation of Findings from Mr Cele 

Mr Cele‘s overall post-PCK was found to be developing. His highest score was in the 

component of knowledge and skills about the curricular saliency of the topic. This means that 

in this area, he could best transfer cPCK from the intervention to his own pPCK. According 

to the RCM, context plays a major role when teachers create their own pPCK. This context 

includes amplifiers and filters which shape teachers‘ pPCK. When looking at Mr Cele‘s 

biographical information, it is evident that he was a highly experienced teacher with more 

than 16 years of experience in teaching chemistry. Possibly, his experience acted as an 

amplifier and allowed him to draw sufficiently on the cPCK and transfer it to his own pPCK 

in this area. A possible amplifier can be found when looking through Mr Cele‘s post-PDI 

interviews. He stated, “I have already started looking for some relevant topics in chemistry 

and biology”. This statement shows Mr Cele‘s interest, excitement and commitment to 

incorporating sustainability issues into his teaching subjects. According to Hong (2010), the 

interest and enjoyment one gets from an activity, and their commitment to that activity can 

act as an amplifier.  

As mentioned in the previous section, there are also two instances (highlighted in Table 6.5) 

where Mr Cele‘s ePCK is lower than his pPCK. This means there is a possibility that filters 

existed, and he could not draw adequately on his pPCK to demonstrate his ePCK. The 

researcher, however, could not find any possible filters from his interview responses. 

6.3.5 Ms Dube’s Post-PCK 

6.3.5.1 Post-PCK, as Inferred from Ms Dube’s Interview 

Ms Dube was asked if she thought her lesson planning experience would be different now 

that she was aware of ESD and the attributes of a good teacher. The first thing that she 

mentioned was regarding her teaching strategy; as she said, ―I will be able to choose teaching 

methods and teaching aids that will keep my learners interested in the lesson and actively 

participating in a different way than before”. She also mentions that she will try and address 
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sustainability issues to “open up the minds” of her learners. Ms Dube‘s response 

demonstrates how her knowledge of conceptual teaching strategies for the topic has changed. 

In her response, Ms Dube also acknowledges that, in the past, she never prepared her 

questions in advance by saying, 

I will use questioning to find out what my students are thinking and also to assess 

their prior knowledge by preparing the questions before the lesson during my lesson 

planning, which is something I was not doing before. I was never preparing 

questions. We always assume that they know, but now I will have a list of questions to 

assess them and check if they know what I think they know. (Ms Dube; Interview 2) 

Although she admitted that she was unsure how she would incorporate it into her planning, 

she did mention that she has yet to find a way to help her “identify the difficulties and 

misconceptions that the learners have”. This response shows us that she is now aware of the 

role that students‘ thinking plays in conceptual understanding and the importance of 

accessing students‘ thinking to make the learning process more meaningful. 

When asked about what she had learnt during the intervention, about sustainability and 

education for sustainability, Ms Dube admitted that she did not know about sustainability or 

education for sustainability before this training. She stated that, regarding sustainability, she 

was now aware that “we can meet our needs, in terms of resources, without disturbing the 

earth for future generations”. She continued to state that “everybody should play a part in 

ensuring that the renewable and non-renewable resources are sustainable for future 

generations... our every action impacts sustainability”. With regards to ESD, she said she 

learnt that “it is interdisciplinary” and “promotes higher order thinking in learners”. She 

concluded by saying, “everyone should be able to make decisions with sustainability issues in 

mind... Learners need to be aware that they need to protect the environment for future 

generations”. 

Ms Dube‘s response demonstrates how her knowledge of the curricular saliency of the topic 

has changed. It also shows that she is now more aware that “everyone” is responsible for 

sustainability issues. 

In response to what she learnt about being a good teacher, she said, “A well-designed lesson 

is one thing a good teacher should do”. She added that she learnt that it‘s not enough for a 
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teacher to know the “curriculum and subject content”, as a good teacher should also “know 

why that knowledge is important to them” and “issues that are relevant to the learners”. This 

response again reveals how her knowledge of curricular saliency on the topic has changed. 

She continued to explain that “a good teacher must select teaching methods according to the 

strengths of the learners, to help them understand”. She said teachers “do not ask questions 

to find their pre-existing knowledge; we just assume that they know” yet “a good teacher 

must have questions to find the pre-existing knowledge of the learners”. This response 

revealed aspects of knowledge on conceptual teaching strategies and student thinking. 

In her responses, there was evidence that Ms Dube had gained knowledge on different 

aspects that fell under all three components of PCK. 

6.3.5.2 Post-PCK, as Inferred from Ms Dube’s Post-questionnaire 

In this section, I discuss the modifications, made by Ms Dube to the responses in her pre-

questionnaire. These modifications took place after she had completed the online 

intervention. The modifications were grouped according to the PCK component under which 

they fall for uniformity. Each modification was discussed to reveal whether  the modification 

caused any changes to the scoring of the teacher‘s responses using the PCK rubric. 

Curricular Saliency 

Ms Dube made two minor additions under this component. Her first addition was in response 

to the question on the four most important components she would address when teaching. She 

added to the concept “methods of extraction,” which she had mentioned in her pre-

questionnaire, the phrase ―based on their position in the reactivity series‖. For this question, 

her score for the initial PCK was a two, and this addition did not change her score as her 

knowledge was still seen as basic. 

When asked which concepts needed to be addressed before teaching learners about the 

extraction of metals, her pre-intervention response gave her a score of three. After the 

intervention, she decided to add to her initial response by mentioning a fourth concept, 

“renewable/non-renewable resources including examples”. According to the model answers 

and master CoRe it would be more appropriate for this concept to be addressed during the 

teaching of the topic of extraction of metals and not before. For this reason her addition did 

not change her score, and it remained a three. Figure 6.24 below shows Ms Dube‘s modified 

response. 
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Figure 6.24 

Ms Dube‟s modification of pre-concepts needed by learners 

 

 

Conceptual Teaching Strategies 

Ms Dube also modified her response on the questions she considered important to ask her 

learners. After the intervention, she added the question, ―How does mining prevent progress 

towards sustainability?‖ Her response in the pre-questionnaire did not make specific 

reference to either of the key ideas, leading to her score of one. This additional question was 

related to one of the key ideas and as such her score changed to a two. The rubric extract in 

Figure 6.25 shows the indicators that led to this change in scoring. 

Figure 6.25 

Rubric showing Ms Dube‟s post score for her knowledge on questioning 

 

She also modified her response on the representations she would use to teach Big Idea B. She 

added “a choc-chip muffin”. In her response, she described why she would use these 

representations and how the representation would be used to support conceptual 

development. Before the intervention, Ms Dube had a score of three in this area as she had 
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listed three representations. With this additional representation, her list is considered 

extensive, and as such, her score is changed to a four. 

When asked in the pre-questionnaire about the assessment strategies she would use, Ms Dube 

listed general assessment methods that were unrelated to the key ideas. For her initial 

response, she was scored a two. After the intervention, she added “assignments”. Although 

she mentioned that the assignment would be used to “check their level of understanding with 

questions prompting them to design a plan”, there was no evidence of the details of the plan 

and how it could be linked to the key ideas. Figure 6.26 shows her modification to her initial 

response. Her knowledge in this area was found to be basic, and her score remained a two. 

 

Figure 6.26 

Ms Dube‟s modification to the assessment strategies she would use 

 

Student Understanding 

Under this component, Ms Dube modified the question on the difficulties encountered and 

questions to assess student understanding. In response to the difficulties she could encounter, 

she opted to delete her whole pre-questionnaire response and replace it. Her score for the 

initial PCK in this area was a two. Her final response was that “the learners cannot 

differentiate between climate change, greenhouse effect and global warming. I think they fail 

to understand clearly the meaning of these”. This is an appropriate difficulty, and her 

explanation shows knowledge of students‘ understanding. Her knowledge in this area was 

now seen as developing, and her score was changed to a three. 

She also modified the questions she would use to assess students‘ thinking and understanding 

about conserving resources and the impact that mining has on the environment. She added, 

“Ask learners what they have learnt about the two and difficulties they had in 
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understanding”. In the pre-questionnaire, she revealed basic knowledge in this area. 

Although her response could be linked to student thinking as it aimed to identify learning 

difficulties, no actual questions were given. Her score in this area remained two. 

6.3.5.3 Post-PCK, as Inferred from Ms Dube’s Lesson Plan 

Curricular Saliency 

Ms Dube stated the lesson's purpose to be for students to “learn that mining affects the 

environment, human beings and vegetation and how it affects it”. Although she did mention 

the environmental and social effects of mining, she did not mention the knowledge and skills 

that students would gain to help them tackle the issues caused by mining. Her score based on 

the lesson plan is a two, which is the same as her score of two in the post-questionnaire; 

therefore, her score remains a two.  

According to Ms Dube, the knowledge students should have to understand the impact of 

mining are “Knowledge on renewable and non-renewable resources, Knowledge on 

conservation of resources”, and “Knowledge on sustainability and sustainability issues”. 

These ideas were not appropriate as these concepts are not directly related to the impact of 

mining. This revealed that the knowledge enacted in this area is limited, but she scored a 

three in the post-questionnaire, and as such, her overall score was changed to three. 

She gave two learning outcomes for her lesson: "Describe how mining impacts the 

environment, vegetation and human beings” and “Explain ways to practice „green‟ mining”. 

She gave appropriate outcomes, and sequencing was evident. She scored two in the post 

questionnaire, and because all the important ideas were mentioned she was given an overall 

score of four. 

Conceptual Teaching Strategies 

Ms Dube chose to use question-and-answer, discussion and issue analysis as her instructional 

strategies for the lesson. As with the other participants, the researcher sought additional 

evidence of how these strategies were used and if they showed learner involvement under the 

activities section. She starts the lesson by stating, “the link between mining and 

sustainability”. She then moves on to question-and-answer and “asks learners to list 

existing/old mines in the country and which resource was/is mined”. She also ask students 

“what they know about mining and what happens to a site before mining can begin”. For the 

main activity, students would be given “handouts with diagrams of mining sites before and 
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after mining”, after which they would be expected to write descriptions of how mining 

affects the environment, vegetation and human beings. She planned to end the lesson with a 

discussion on “how acid mine drainage affects aquatic organisms, wildlife and humans” and 

continue to discuss “other impacts of mining”. Although these teaching strategies were 

suggested as teacher and student activities, there is no evidence of participatory learning, 

collaboration and problem-solving, which are key characteristics of ESD. She scored one in 

the post-questionnaire, and because of her description of how these strategies would be used, 

she was given an overall score of two. 

The questions that she thought were essential to her teaching were: “What do you know about 

mining?, What do you think has to happen in the area before mining can take place?, How 

does mining impact the environment, vegetation and human beings” and “Can we mine for 

resources without disturbing the Earth?” Although the questions listed by Ms Dube are 

related to the key idea, and there is evidence of questions that require higher order thinking, 

the questions do not encourage problem-solving. She scored a two in the post-questionnaire, 

and her response in the lesson plan was scored a three as her knowledge was seen as 

developing. Her overall score then became three. 

She decided to use the EGCSE chemistry textbook, a worksheet and handouts as her 

resources for the lesson. Her description of student and teacher activities showed how the 

handout and worksheet would be used during the main activity to support the conceptual 

development of the lesson. Her description was considered inadequate as she did not mention 

how the students would use the textbook. Her knowledge in the area of representations was 

seen as basic in the lesson plan, but she scored a four in the post-questionnaire, and so her 

overall score was a four. 

Ms Dube chose to assess her students‘ understanding using a research assignment where they 

would be required to “design a plan on how „green‟ mining can be done, i.e. mining without 

too much disturbance on the environment”. She continued to describe that “in their plan, 

they should discuss how mining prevents progress towards sustainability”. Unlike her post-

questionnaire response where she only mentioned that students would “design a plan”, this 

description elaborates on the plan, making it an appropriate assessment strategy that promotes 

research skills and encourages critical reasoning and problem-solving. This response provides 

evidence that her knowledge in this area is exemplary, and she scored a four, which was 

better than the score of two that she received in her post questionnaire. 
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Student Understanding 

The questions she planned to ask during her introduction were, “What did you learn about 

mining? What did you not understand about the lesson? Can we mine while not disturbing 

the Earth?” and “What do you think about the impacts of mining?” For her main activity, she 

wrote, “mark and grade learners‟ work from the worksheets”. As the lesson plan template 

had asked for questions that would be used, the researcher decided to review the main activity 

again to determine whether the questions in the worksheet were mentioned. According to her 

description, students would be asked to “describe how mining affects the environment, 

vegetation and human beings”. They would “write their interpretations in the spaces 

provided on the worksheet”. During the conclusion of her lesson, she stated that she would 

“give learners feedback on their responses, clearing misconceptions discovered during 

teaching and while marking”. Although there was evidence of questions to elicit student 

understanding in the introduction, there was insufficient evidence of the questions being 

aligned to the teaching strategies and resources she planned to use. She also did not list the 

specific questions she would use during the main activity and conclusion. Therefore, her 

knowledge in this area was seen as limited, and she was scored a one. As she had scored a 

two in the post questionnaire, Ms Dube‘s overall score was a two. 

6.3.5.4 A Summary of Ms Dube’s Post-PCK 

Table 6.6 summarises Ms Dube‘s post-PCK. 

 An analysis of Ms Dube‘s pPCK scores from the post-PDI questionnaire and her ePCK 

scores from the lesson plan shows that at times both her pPCK scores and ePCK scores were 

the same, and at other times her ePCK scores were higher than her pPCK score. There are, 

however, three instances where her ePCK is lower than her pPCK (highlighted). This 

suggests that in identifying the pre-concepts required by students, representations and 

questions to assess thinking, Ms Dube could not draw on her pPCK adequately to 

demonstrate her ePCK. 
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Table 6.6 

A summary of the observations made on Ms Dube‟s post PCK using the rubric 

Component of PCK 

Score from 

questionnaire(pPCK)/ 

Score from lesson 

plan(ePCK) 

Final score (PCK) 

Overall score 

for PCK 

component 

Curricular saliency   

Concepts addressed when teaching 2/2 2 

Pre-concepts required by students 3/1 1 

Inclusion of environmental issues  4/4 4 

Importance of knowing about the big ideas 2/4 4 

  2.8 

Conceptual teaching strategies   

Teaching strategies/method 1/2 2 

Questions to be asked 2/3 3 

Representations 4/2 4 

Assessment strategies 2/4 4 

  3.3 

Students Understanding   

Difficulties 3/3 3 

Students misconceptions 3/3 3 

Questions to access thinking 2/1 2 

  2.7 

Overall post-PCK 2.9 

 

6.3.5.5 An Interpretation of Findings from Ms Dube 

Ms Dube‘s overall post-PCK was found to be developing. Her highest score was in the 

component of knowledge and skills about the conceptual teaching strategies of the topic. This 

meant that of all three components, she could better transfer knowledge from the cPCK to 

inform her own pPCK. This suggests the existence of possible amplifiers. During her post-

intervention interview, she said, “I will be able to keep my learners interested in a different 

way than before”. This response reveals information about her realisation that the teaching 

methods and representations she used in the past were not creating interest among the 

students, and this could have acted as a possible amplifier. 

As mentioned in the previous section, Ms Dube had three instances, one under each of the 

three components, where her ePCK was lower than her pPCK. This means there could have 
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been filters causing poor knowledge transfer and not allowing her to demonstrate her ePCK 

adequately. One of the instances was in the area of pre-concepts required by students. When 

analysing her post-intervention responses, we found a statement that could have revealed a 

possible filter in this area. The first was her statement, “we always assume that they know”. 

From this response, we could infer that this assumption could have acted as a filter in this 

area and may have led her to neglect to focus on accessing students‘ prior knowledge because 

she believed that the students already knew. Therefore, there was no need to ask questions. 

Another instance where she had difficulty enacting her pPCK was in the area of 

representations. As mentioned above, she revealed in her interview that she now has the skills 

to choose representations that will keep her learners interested. This realisation that she 

lacked knowledge could have acted as a possible amplifier for transferring knowledge from 

the cPCK to pPCK because she may have been eager to gain new knowledge on 

representations. However, what could have acted as an amplifier earlier on may have acted as 

a filter when she attempted to draw on her pPCK and demonstrate her ePCK. This same 

realisation that she lacked knowledge could have caused a lack of confidence to employ the 

new knowledge about representations that she had gained. Perhaps this was because she 

never had these skills before and therefore had never used them.  

The last instance where she could not draw on her pPCK and demonstrate her ePCK was in 

the area of questions that she could use to assess students‘ thinking. In her post-intervention 

interview she acknowledged that during her lessons she never attempted to assess students‘ 

prior knowledge and said, “which is something I was not doing before”. Although this 

realisation, on Ms Dube‘s part, could have acted as a potential amplifier, evidence from Table 

6.6 shows that it may have acted as a filter instead. Perhaps, since questioning to assess 

student thinking was not something she did in the past, she may have lacked the experience 

and confidence to demonstrate her ePCK. 

6.3.6 Mr Fakudze’s Post-PCK 

6.3.6.1 Post-PCK, as Inferred from Mr Fakudze’s Interview 

When asked whether his lesson planning would change and, if it would, how it would change, 

he mentioned that the content would be different. He said, “I'm going to include sustainable 

development in topics that are relevant and also when I'm planning for the lessons I am going 

to incorporate it”. 
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He continues to state that one part that intrigued him was the content on how and why to 

assess students‘ prior knowledge. This was his reason: 

I'm going to include it because, as teachers, we are always behind in the syllabus. 

When we're teaching, we are always trying to catch time, and we sometimes don't 

assess our learners to ask what they know before we teach them. We always spoon-

feed them all the time. (Mr Fakudze; Interview 2) 

This response demonstrates how his knowledge about students‘ understanding has changed. 

He acknowledges that he did not previously take time to assess students‘ prior knowledge. 

When asked about what he had learnt during the intervention about sustainability and 

education for sustainability, he responded by acknowledging that he had always had a 

problem when it came to teaching sustainability-related topics such as “conservation of 

resources”. He added that he had learnt “so many activities that were interesting”. He 

particularly referenced the blueberry muffin activity, saying, “it will make my teaching easier 

as it will be very interesting to them”. This response shows evidence of how Mr Fakudze‘s 

conceptual teaching strategies about the topic have been enriched. 

In response to what he learnt about being a good teacher, he emphasised the importance of 

what he called ―pre-questions‖. He mentioned that good teachers must ask themselves: 

“before going to teach my learners, the What? Why? When? How and Who?... for my lesson 

to be effective”. He adds that the responses to these questions will help him “select the right 

concepts”. He mentioned that he also learnt that “before I teach, I should ask my learners 

what do they know before going to feed them with information I have”. He ends his response 

by admitting that these were things he never did. These responses are evidence of how Mr 

Fakudze‘s knowledge about curricular saliency and student understanding of the topic has 

been altered. 

In his responses, there was evidence that Mr Fakudze had gained knowledge on different 

aspects of the three components of PCK. 

6.3.6.2 Post-PCK, as Inferred from Mr Fakudze’s Post-questionnaire 

In this section, I discuss the modifications Mr Fakudze made to the responses in his pre-

questionnaire. These modifications took place after he had completed the online intervention. 

The modifications were grouped according to the PCK component under which they fall for 
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uniformity. Each modification was discussed to reveal whether the modification caused any 

changes to the scoring of the teacher‘s responses using the PCK rubric. 

Curricular Saliency 

Mr Fakudze made two modifications under this component. In response to the question on 

whether he agreed with the inclusion of sustainability issues into the curriculum and why, he 

altered his response to, “as teachers we are agents of creating awareness to our learners 

about environmental issues”. For this question, his score for the initial PCK was a three. His 

alteration was well articulated and still in line with one of the aims of the EGCSE syllabus; as 

such, his score remained a three.  

Mr Fakudze also chose to add a response to the question on why it was important for students 

to know about the big ideas. He added that “They need to know that mining or use of natural 

resources, there should be a way or an alternative for the reclamation process in order for 

the resources to replenish”.Mr Fakudze‘s score for the initial PCK was a two, and because 

this additional reason he stated was not clear, his knowledge in this area was seen to have 

remained basic, and he was scored a two. 

Conceptual Teaching Strategies 

He also modified his response on the teaching strategies he would use to teach the big ideas 

by adding to his choice of strategies. Mr Fakudze added to his initial teaching strategy of site 

visits for both big ideas. For Big Idea A, he added that he would also “introduce renewable 

and non-renewable resources and add that resources are not only minerals but water, trees 

we have to conserve them because they are non-renewable”. For Big Idea B, he added that he 

would “introduce the blue berry muffin activity even if the school trip is not taken”. His 

response did not give any reasons why he would use these strategies. His addition to the big 

idea was not well articulated and revealed Mr Fakudze‘s misconception that trees are a non-

renewable resource. His addition concerning Big Idea B corresponds to Mr Fakudze‘s 

interview response, where he said that he found the blueberry muffin activity very interesting. 

His initial score for knowledge of teaching strategies was a one, and although he added 

strategies, he did not justify his choices and as such his score in this area remained a one. 

He also decided to modify his initial choice of the representations he would use to teach the 

big ideas. For Big Idea A, he added that he would “introduce the shoe box mine activity”. In 

his attempt to justify his choice, Mr Fakudze states that he would use his activity “to show 



190 
 

that mining without a reclamation process results in depletion of resources”. For big idea B, 

he added the blueberry muffin activity. Although the representations added by Mr Fakudze 

were appropriate, his justification was insufficient, and the description of how they would be 

used to support conceptual development was inadequate. This modification did not affect his 

initial score of two.  

He also modified his response on the assessment strategies he would use when teaching the 

big ideas. He added that he would set “an assignment where students will describe the 

impacts of mining on the environment”. He also planned to “ask questions based on the 

shoebox mine activity” (See Figure 6.27). His assessment strategies were appropriate and 

clearly indicated how they were linked to the big ideas, and for that reason, his score was 

changed from a one to a three. 

Figure 6.27 

Mr Fakudze‟s modifications on the assessment strategies he would use 

 

Student Understanding 

When asked to review his responses to questions under this component, Mr Fakudze made 

changes to two questions. When asked what he found difficult about teaching Big Idea A, he 

added that he ―did not have enough knowledge about conserving natural resources”. For Big 

Idea B, his initial response referred to his school not allowing visits to local mines. This was 

not a student difficulty but a challenge imposed by the school. His modification was not a 

difficulty; instead, he added that he might no longer solely rely on the field trips with his 

knowledge of the blueberry muffin activity. Although Mr Fakudze‘s difficulty for Big Idea A 

was appropriate, there was no evidence of justification and as such, his score in the area of 

difficulties remained a two. 

Mr Fakudze also modified his questions to assess students‘ thinking. In the pre-questionnaire, 

he responded with a single question, but after the intervention, he added four more questions. 
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The questions were: ―What can be done to minimise the impacts that come with mining to the 

environment?, Define renewable and non-renewable resources?, Name the resources you 

know and classify them as renewable and non-renewable”, and “ What can be done to 

conserve non-renewable resources stated above?” 

His final response consisted of an extensive list of questions appropriate for eliciting student 

understanding. His knowledge in this area was exemplary, as the questions were linked to his 

choice of teaching strategy. His score was changed from a one to a four. 

6.3.6.3 Post-PCK, as Inferred from Mr Fakudze’s Lesson Plan 

Curricular Saliency 

For the lesson, Mr Fakudze stated the objectives “to discuss the environmental impact of 

mining on vegetation, human beings and animals” and “to discuss possible solutions to the 

environmental impacts caused by mining”. The reasons mentioned were appropriate as he 

mentioned the environmental and social effects of mining. There was also evidence of a link 

to the student‘s role with regard to finding solutions.  His knowledge based on the lesson plan 

could have been exemplary, but there was no evidence of an in-depth understanding of the 

link between the environment and society, and as such, he scored a three. He scored a two in 

the post-questionnaire; therefore, his overall score was a three.  

According to him, the pre-concept students should have to understand the impact of mining is 

the “importance of conserving resources”. This concept is inappropriate as it is not a 

prerequisite for understanding the topic. He reveals a limited knowledge of pre-concepts in 

the lesson plan, and his score in the post-questionnaire was also a one, so his score remains a 

one.  

Mr Fakudze stated two learning outcomes for his lesson. He said, “to describe the 

environmental impacts of mining on vegetation, human beings and animals” and “to come up 

with possible innovative solutions to the environmental impacts of mining”.  The outcomes he 

gave were appropriate and sequencing was evident, revealing his knowledge was exemplary. 

His score was changed from a one to a four. 

Conceptual Teaching Strategies 

The instructional strategies that Mr Fakudze chose to use for the lesson were a video, teacher-

led discussions, simulation, group presentations and brainstorming. His descriptions of the 
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activities of the lesson had evidence of learner involvement. He introduced the lesson with a 

teacher-led discussion on “how a mine is established”, starting with “government hiring 

environmentalists who conduct an environmental impact assessment” and a video covering 

the same discussion topic. The discussion would be followed by student group 

representatives presenting their “summary of what they saw in the video”. For the main 

activity, the teacher would explain that a “mineral is found around the school, and 

government is interested in mining the mineral”. Mr Fakudze would then “assign each group 

to conduct an environmental impact assessment for the mine and identify the possible impacts 

of the mine on; vegetation, human beings, animals and classify them as short and long term”. 

The lesson would end with group presentations where each group would “present their 

environmental assessment to the class and their possible solutions” to the “impacts that will 

come with the mine”. The description of how these teaching strategies would be used shows 

evidence of participatory learning, collaboration, critical thinking and problem-solving, 

which are all key characteristics of ESD. His score in the post questionnaire was a one, and 

because of his description of how these strategies would be used, his score was changed to a 

four. It is worth mentioning that Mr Fakudze did not use the same conceptual teaching 

strategies for the post-questionnaire and lesson plan; they were completely different. 

The questions that he thought were essential to his teaching were: “How does mining affect 

the environment?” and “What are possible solutions to the environmental impacts that are 

caused by mining?” These questions were related to the key idea, and there was evidence of 

questions that required critical thinking and problem-solving. His knowledge in this area was 

seen as exemplary, and his score was changed from a three to a four. 

The resources that he chose to use for this lesson were a “video on the environmental impact 

assessment and establishment of a mine”, a “handout on the impact of mining, showing 

different impacts on known mines in Eswatini”, and a ―summary on impacts of mining on 

vegetation, human beings and animals”. The descriptions of the activities that would be 

carried out by the students and teacher, and the questions that he would ask during teaching, 

gave sufficient evidence of both justification and how the video would be used to support 

conceptual development. There was, however, no description of how, why or when the 

handout or summary would be used. Mr Fakudze was scored a two in the post questionnaire, 

and the knowledge he displayed in the lesson plan was also seen as basic, so his score 

remained a two. 
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According to Mr Fakudze‘s lesson plan, as an assessment, the students would be given 

homework where “each student will submit his/her possible solutions to the environmental 

impacts of mining on the environment, vegetation, human beings and animals.” This 

assessment strategy is appropriate as there are indications of how it is linked to the main 

concept being taught. It also encourages critical reasoning and problem-solving, which shows 

exemplary knowledge in this area, and as such, he scored a four.  

Student Understanding 

The questions Mr Fakudze planned for his introduction were, ―Why is an environmental 

impact assessment conducted before a mine is established?” and “Based on the video clip, 

how were human beings, vegetation and animals affected by the establishment of a mine?” 

For his main activity, he planned to ask, “How does mining affect the environment?” During 

his conclusion, he would end with, ―Can the impacts of mining be avoided before the mining 

takes place? How?” Although he only planned to ask one question during his main activity 

and conclusion, which was not extensive, this question would have required learners to recall 

and understand almost all the information they had learned from the beginning of the lesson. 

There was also evidence of questions to elicit student thinking, and the questions were 

aligned to the teaching strategies and resources he planned to use. The quantity of Mr 

Fakudze‘s questions was overlooked due to the quality of his questions, and for this reason 

his score was a four.   

6.3.6.4 A Summary of Mr Fakudze’s Post-PCK 

Table 6.7 shows a summary of Mr Fakudze‘s post-PCK. The final score for each category 

was determined by selecting the higher scores received from the post-PDI questionnaire 

(pPCK) and lesson plan (ePCK). 

An analysis of Mr Fakudze‘s pPCK and ePCK scores shows both his pPCK scores and ePCK 

scores were always the same, or his ePCK scores were higher than his pPCK scores. This 

suggests that Mr Fakudze was able to draw on his pPCK to demonstrate his ePCK. 

 

 

 



194 
 

Table 6.7 

A summary of the observations made on Mr Fakudze‟s post PCK using the rubric 

Component of PCK 

Score from 

questionnaire(pPCK)/ 

Score from lesson 

plan(ePCK) 

Final score (PCK) 

Overall score 

for PCK 

component 

Curricular saliency   

Concepts addressed when teaching 1/4 4 

Pre-concepts required by students 1/1 1 

Inclusion of environmental issues  3/3 3 

Importance of knowing about the big ideas 2/3 3 

  2.8 

Conceptual teaching strategies   

Teaching strategies/method 1/4 4 

Questions to be asked 3/4 4 

Representations 2/2 2 

Assessment strategies 3/4 4 

  3.5 

Students Understanding   

Difficulties 2/2 2 

Students misconceptions 1/1 1 

Questions to access thinking 4/4 4 

  2.3 

Overall post-PCK 2.9 

 

6.3.6.5 An Interpretation of Findings from Mr Fakudze 

Although Mr Fakudze‘s overall post-PCK was found to be developing, there was a 

component where he displayed an exemplary post-PCK. This component was that of 

knowledge and skills about the conceptual teaching strategies of the topic. This means that of 

all three components, he was better able to transfer knowledge from the cPCK and create his 

own pPCK. This suggests the possibility of the presence of amplifiers, which informed this 

knowledge transfer. On analysis of his interview responses, the researcher was unable to 

identify possible factors that could have acted as amplifiers. Although the components 

dealing with knowledge of curricuar saliency and student understanding did not yield the 

highest overall scores, there were instances where his post-PCK was exemplary. One instance 

was in the area referring to the concepts addressed when teaching. In the responses to his 



195 
 

post-PDI interview, he said, “we are always behind in the syllabus”. We could infer from 

this response that this would mean that he has to focus on the teaching of content and, as 

such, this could have acted as an amplifier in this area.   

Another area where Mr Fakudze showed an exemplary post-PCK was in the area of his 

ability to use questions to assess student thinking. This shows the possibility of the presence 

of an amplifier in this area. When analysing his interviews, he identified a possible amplifier, 

saying: "we sometimes don‟t assess our learners to ask what they know”. As seen with the 

other teachers, this realisation has acted as an amplifier and a filter. In the case of Mr 

Fakudze, it may have acted as an amplifier. 

6.4 A Comparison of the Teachers’ Post-intervention TSPCK 

The interviews revealed that all teachers planned to make some changes to how they planned 

their lessons. Table 6.8 summarises some of the ways the teachers planned to change their 

teaching and the component it reflected. 

Table 6.8 

A summary of teachers‟ responses to the interview questions 

Teacher Response PCK component 

Mrs 

Zikalala 

- Relate content to social and environmental issues 

- Use problem-based learning 

- Assess students’ prior knowledge 

- Use inquiry-based and student-centred learning 

CS 

CTS 

SU 

CTS 

Mrs 

Dlamini 

- Assess students’ prior knowledge 

- Incorporate sustainability issues into topics 

- Preparation of questions to assess students’ thinking 

- Use teaching methods that promote problem-solving 

SU 

CS 

SU 

CTS 

Mr Mavuso - Use participatory learning, allow learners to share ideas and solve 
problems 

- Assess students’ prior knowledge 

- Discuss relevant issues in existing topics 

- Use teaching strategies that promote meaningful learning 

CTS 

 

SU 

CS 

CTS 

Mr Cele - Use questioning that allows critical thinking and problem-solving 

- Incorporate relevant issues into topics 

- Make the content relevant to real-life situations 

CTS 

CS 

CS 
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Teacher Response PCK component 

Ms Dube - Use participatory learning 

- Assess students’ prior knowledge (said twice) 

- Preparation of questions before the lesson 

- Discuss relevant issues  

- Select teaching methods based on the strengths of learners 

CTS 

SU 

CTS 

CS 

CTS 

Mr 

Fakudze 

- Incorporate sustainability issues into topics 

- Assess students’ prior knowledge (said twice) 

CS 

SU 

 

Although the participants focused on different aspects of the components of PCK, there were 

some common planned changes. Some of the most common changes that the participants 

anticipated making to the planning of their lessons were: incorporating relevant/sustainability 

issues into the lesson, using teaching strategies that promote problem-solving and 

participatory learning, and assessing students‘ prior knowledge. All these responses were not 

evident in the pre-intervention data; they only became evident after the teachers had 

undergone the PDI in the post-intervention data. 

A teacher‘s post-intervention pPCK score was found by analysing their responses in both the 

post-intervention questionnaire and lesson plan. The post-questionnaire responses were 

analysed first and scored using the PCK rubric. This was followed by an analysis of the 

lesson plans that the teachers had created using the same rubric. The two scores were 

compared, and the better of the two scores was taken to be the post-intervention PCK of the 

teacher. In the tables above (Table 6.2, 6.3, 6.4, 6.5, 6.6, and 6.7), the outcome for each sub-

component (component prompt) was shown. The averages for each component were then 

calculated to get scores for each PCK component. The researcher chose to use score averages 

rounded to one decimal place so that while comparing the pre- and post-PCK scores, even the 

slight changes to the teachers‘ PCK could be observed. Although most PCK studies have 

used whole numbers to represent pre- and post-PCK (Makhechane & Mavhunga, 2021; 

Mavhunga, 2019a), however, some have used decimals (Mazibe et al., 2020). Since the focus 

of this study was on the possible development of a teacher‘s pPCK after a PDI, any 

development, whether minimal or major, is important to the researcher. The use of whole 

numbers could conceal the fact that there was some development; therefore, averages to one 

decimal place were used. In this comparison only the PCK component scores for each 
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participant are shown. A summary of the comparison of the teachers‘ post- intervention 

responses using the PCK rubric is given in Table 6.9 below. 

Table 6.9 

A comparison of the teachers‟ post-intervention responses per component 

 

Component of PCK  

Score 

Mrs 

Zikalala  

Mrs 

Dlamini  

Mr 

Mavuso 

Mr 

Cele 

Ms 

Dube 

Mr 

Fakudze 

Curricular saliency 3.8 2.5 3.0 3.5 2.8 2.8 

Conceptual teaching strategies 4.0 2.5 3.3 3.0 3.3 3.5 

Student Understanding 3.3 2.7 2.7 2.0 2.7 2.3 

Average post-PCK 3.7 2.6 3.0 2.8 2.9 2.9 

 

The component referring to the knowledge and skills related to conceptual teaching strategies 

had the most teachers‘ highest PCK scores. Mrs Dlamini scored highest in the component of 

knowledge and skills related to students‘ understanding, and Mr Cele had his highest post-

PCK score in knowledge and skills related to curricular saliency. Five of the six teachers had 

their lowest post-PCK score in the component of knowledge and skills related to student 

understanding, with Mrs Dlamini having her lowest score in knowledge and skills related to 

curricular saliency. Overall, Mrs Zikalala had the highest post-PCK score, and Mrs Dlamini 

had the lowest. 

6.5 Chapter Summary 

This chapter investigated the teachers‘ PCK after participating in a professional development 

intervention. The data was collected during and after the intervention through interviews, a 

post-intervention questionnaire and a lesson plan. During the interviews, teachers were asked 

if and how their lesson planning would be different in future and what they learnt from the 

PDI. The findings from each participant were first presented separately and then later 

compared in a summary table (Table 6.8), revealing three teaching aspects that the teachers 

were planning to change. These were; incorporating relevant/sustainability issues into the 

lesson, using teaching strategies that promote problem-solving and participatory learning, and 

assessing students‘ prior knowledge.   



198 
 

The PDI was considered a source of collective PCK (cPCK) as the content that made up the 

intervention was a combination of contributions from various professionals. Each teacher‘s 

post-intervention pPCK score was found by analysing their responses in both the post-

intervention questionnaire and lesson plan. The PCK rubric was used to score these 

responses, and a pPCK score from the post-questionnaire and an ePCK score from the lesson 

plan was determined. According to the RCM (Carlson & Daehler, 2019), the level and quality 

of knowledge transfer between the cPCK, the pPCK,  and the ePCK, depends on how 

amplifiers and filters act in the teachers‘ minds. These could be the learning context (Carlson 

& Daehler, 2019), a teacher‘s values, self-efficacy, commitment, emotions, knowledge, 

beliefs, micro-politics (Hong, 2010), enthusiasm (Sorge et al., 2019) and self-regulatory 

skills.  

The final post PCK score was found by selecting the higher of the scores received from the 

questionnaire (pPCK) and the lesson plan (ePCK). This value can identify the post PCK of 

the teacher because ePCK is a subset of pPCK (Carlson & Daehler, 2019). The ePCK is used 

by a teacher when planning, teaching and reflecting on a lesson. During this enactment, the 

teacher only uses parts of the bigger realm of pPCK. This means that the ePCK makes up 

only part of the pPCK, just as the pPCK makes up only part of the cPCK. On further analysis 

of these two scores for each of the participants, there were three findings; the ePCK and 

pPCK scores were the same, the ePCK score was higher than the pPCK score, or the ePCK 

score was lower than the pPCK score.  

If a teacher‘s ePCK and pPCK scores were the same, it could have meant that the teacher was 

able to draw sufficiently on their pPCK to demonstrate their ePCK. If a teacher had a higher 

ePCK than pPCK score, there is a possibility that some aspects of the teacher‘s pPCK were 

amplified in the ePCK since a teacher cannot enact a pPCK that they do not have. Mrs 

Zikalala, Mr Mavuso and Mr Fakudze were the only three participants who did not have 

instances where their ePCK was not fully demonstrated. Possible amplifiers for Mrs Zikalala 

could have been her beliefs about the nature of science content and her role as a teacher. Mr 

Mavuso‘s amplifier could have been a possible change in his teaching orientation from a 

more teacher-centred to a student-centred approach. Possible amplifiers for Mr Fakudze were 

not revealed to the researcher. Although three of the six participants had at least one 

incidence where the ePCK was lower than the pack, this did not mean they did not have 

instances where the ePCK was higher. Other possible amplifiers found were that of interest 
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and commitment, from Mr Cele and knowledge of student attitudes, from Ms Dube. The 

cases of the teachers that displayed an ePCK that was either the same or higher than the 

pPCK were more frequent.  

If a teacher had a lower ePCK score than the pPCK score, the teacher might have failed to 

draw on their pPCK to demonstrate their ePCK because of filters. As mentioned earlier, 

displaying a lower ePCK than pPCK could indicate the presence of filters. From Mrs 

Dlamini‘s responses, it was evident that her own learning experiences may have acted as a 

filter, as they may have affected how she views her responsibility as a teacher. In some cases, 

like Ms Dube, it was found that, in the area of representations, what acted as an amplifier for 

the transfer of knowledge from cPCK to pPCK, possibly acted instead as a filter for the 

transfer of knowledge from pPCK to ePCK. The presence of filters and amplifiers inform the 

PCK transitions between the three realms of PCK. Figure 6.28 illustrates how, in the case of 

Ms Dube‘s choice or representations, a factor that acted as an amplifier later acted as a filter. 

 
Figure 6.28 

Presence of filters and amplifiers informing transitions between the three realms of PCK 

 

In other cases, such as Mrs Dlamini, Ms Dube and Mr Fakudze, there was the possibility of 

the same factor acting as an amplifier for one teacher and a filter for another. Lastly, it was 

found that a factor that acted as an amplifier for transfer of knowledge in one component of 
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PCK, acted as a filter in another component, for the same teacher. This was evident with Mr 

Fakudze and his focus on content delivery. It is worth noting that although filters and 

amplifiers inform knowledge transfer between the three realms of PCK, there were instances 

where the researcher could not identify filters and amplifiers from the interview responses. 

To determine if there were any changes in the quality of the teacher‘s PCK about the topic, 

the researcher compared each of the teachers‘ pre-intervention PCK sores with their post-

intervention PCK scores. This comparison was made to answer the fourth research question: 

 How does a professional development intervention influence the development of an 

experienced chemistry teacher‘s topic-specific PCK of the extraction of metals? 

Table 6.10 presents the pre- and post-PCK scores for all the participants concerning each 

PCK component. Each of the three components is divided into three columns, one for the pre-

PDI score, one for the post-PDI score and the other to show the gain in PCK, if there was 

any. The last two columns also give person averages for both the pre-PDI and post-PDI 

scores. The average scores per component have also been included in the last row of the 

table. 

Table 6.10 

A summary of the shifts in the pre-post-PCK of the teachers 

Component 

of PCK 
Curricular 

saliency 

Conceptual 

teaching strategies 

Student 

Understanding 

PERSON AVERAGE 

SCORE Pre Post Gain Pre Post Gain Pre Post Gain Pre Post Gain 

Mrs 

Zikalala 
3.3  3.8 0.5 2.8   4.0 1.2 3.3 3.3 0.0 3.1 3.7 0.6 

Mrs 

Dlamini 
2.0   2.5 0.5 1.8   2.5 0.7 2.0  2.7 0.7 1.9 2.6 0.7 

Mr 

Mavuso 
2.5   3.0 0.5 2.0   3.3 1.3 1.7 2.7 1.0 2.3 3.0 0.7 

Mr Cele 3.0   3.5 0.5 2.3  3.0 0.7 2.0 2.0 0.0 2.2 2.8 0.6 

Ms Dube 2.8 2.8 0.0 2.0   3.3 1.3 2.3   2.7 0.4 2.4 2.9 0.5 

Mr 

Fakudze 
2.0  2.8 0.8 2.0 3.5 1.5 1.7 2.3 0.6 1.9 2.9 1.0 

Average 

scores per 

component 

 

2.6 

 

3.0 

 

0.4 

 

2.1 

 

3.3 

 

1.2 

 

2.1 

 

2.6 

 

0.5 
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When comparing the pre- and post-PCK scores for the different PCK components, it was 

evident that three participants showed a positive gain in the quality of their PCK on all three 

components of PCK. Ms Dube, Mrs Zikalala and Mr Cele only showed changes on two of the 

three components. Ms Dube did not show any change in the quality of her PCK on curricular 

saliency of the topic, as both her pre- and post- score were 2.8. Mrs Zikalala did not show any 

change in the quality of her PCK on conceptual teaching strategies about the topic, as her 

score remained at 3.3. Mr Cele did not show any change in the quality of his PCK under the 

component related to student understanding. It can also be seen from Table 6.10 that five of 

the six teachers had pre-PDI scores that showed a basic PCK. Mrs Zikalala was an exception 

as she had a developing pre-PDI PCK score.  

An increase observed between the pre- and post-intervention scores was evidence of PCK 

development. This indicates that the teacher was able to transfer knowledge from the cPCK, 

which was found in the intervention, to their own pPCK. The researcher knows that not all 

knowledge transfer can be attributed to the intervention. Since the intervention occurred 

during the COVID lockdown, when schools were closed, it is reasonable to assume that most 

of the PCK development could be attributed to the intervention as experiences such as 

teacher-teacher and student-teacher interactions were not possible at this time. The ability of 

a teacher to make this transfer of knowledge depends on amplifiers and filters. If a teacher 

showed an increase from the pre-PCK to the post-PCK, we could assume that there were 

amplifiers that allowed the teacher to draw on the cPCK and inform their own pPCK. If there 

was no increase that was observed between the pre- and post- intervention scores, this could 

have indicated that the teacher did not present evidence of PCK development. If the teachers‘ 

pre- and post- PCK were limited, this could have meant that when the teacher attempted to 

transfer knowledge from the cPCK to their own pPCK, the cPCK did not settle as pPCK 

because of the presence of filters. Another assumption would be that if the teacher's pre- and 

post- PCK were basic, the teacher did not find it necessary to present the information that 

would indicate a knowledge gain, which would be evidence of a lower level of PCK. If the 

teacher's pre- and post-PCK were developing or exemplary, perhaps the teachers existing 

PCK in that component seemed sufficient to the teacher and gave the teacher a reason to 

focus on other components in which they felt they were lacking. 

The average PCK scores per component show that before the intervention, the participants 

had the highest average score in the component of curricular saliency. This component also 
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had the lowest gain in the teacher‘s quality of PCK. The highest gain in the teacher‘s quality 

of PCK was on the conceptual teaching strategies of the topic, as their average pre-PDI scores 

were 2.1, and their average post-PDI score was 3.3. This finding was similar to 

Makhechane‘s (2021) findings concerning PGCE pre-service teachers. 

The person averages, which are the overall pre-post-intervention scores, are also included in 

Table 6.9. From these person averages, it is evident that all participants showed an overall 

positive gain in their PCK‘s quality as a result of the intervention. This means that although 

in some instances participants failed to enact their pPCK in the lesson plan, all the teachers 

could draw on the cPCK, which was the intervention, and demonstrate their pPCK.   
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7 CHAPTER 7 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

7.1 Overview 

This chapter concludes my study by drawing on the findings reported in Chapters Four, Five 

and Six to answer the research questions that guided the study. The primary research question 

for this study was ―How does a professional development intervention (PDI) influence 

experienced chemistry teachers‘ personal PCK about environmental sustainability, revealed 

through their planning of a lesson on the extraction of metals?‖ 

This primary question was broken down into four secondary questions: 

1. What are chemistry teachers‘ views about sustainability and education for 

sustainability? 

2. What is the nature of personal topic-specific PCK about the extraction of metals with 

big ideas related to environmental sustainability, revealed in the teachers‘ planning 

prior to the PDI? 

3. What is the nature of personal topic-specific PCK about the extraction of metals with 

big ideas related to environmental sustainability, revealed in the teachers‘ planning 

after the PDI?  

4. How does a professional development intervention influence the development of an 

experienced chemistry teacher‘s topic-specific PCK on the extraction of metals? 

The chapter starts with an overview of the purpose of the study. It follows with a discussion 

of the study's methodology and how it aligns with the framework used for this study. Each 

research question frames a section in this chapter, explaining how the data was collected and 

findings were used to answer that research question. The chapter then reflects on the 

methodology, using the grand rubric for PCK (Chan et al., 2019), using an online intervention 

and acknowledges the study's limitations. The study's findings are discussed and followed by 

the contributions that the study made in relation to these findings and the methodology and 

data analysis. The chapter ends with conclusions drawn from the data and suggestions for 

future research. 
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7.2 Summary 

The study's main purpose was to explore chemistry teachers' personal and enacted PCK about 

the extraction of metals through teaching big ideas related to environmental sustainability 

before and after an online professional development intervention. Six chemistry teachers 

were purposively and conveniently selected as participants. The topic of the extraction of 

metals was primarily chosen because of the opportunities it provided, expressed as learning 

outcomes in the EGCSE physical science syllabus, for teachers to infuse big ideas related to 

environmental sustainability. These focus areas which informed the big ideas were: the 

impact that mining has on the environment and the conservation of resources. 

The data collection for this qualitative study took place in three phases; before, during, and 

after an online intervention. Figure 7.1 shows how the research questions and data collection 

align with the study's conceptual framework, explained in Chapter 2. The personal PCK of 

the teachers before the online intervention was captured using the responses to the screening 

questionnaire (Appendix B) and a pre-professional development intervention (PDI) 

questionnaire (Appendix C). The responses from the screening questionnaire were discussed 

under Research Question 1, and the responses to the pre-PDI questionnaire were discussed 

under Research Question 2. The framework illustrates how the collective PCK, represented in 

the expert CoRe and model answers (Appendix I), informed the intervention (Appendix H) 

given to the six participating teachers. The researcher assumed that any development of the 

teachers‘ personal PCK was informed chiefly by the intervention because the schools were 

closed during the intervention due to the national COVID-19 lockdown. This meant that the 

participants had little to no interactions with either other teachers or students.   
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Figure 7.1 

Diagram illustrating the alignment between the framework and research design 

 

Interview protocols (Appendix E, F and G) were used to capture the teachers' personal PCK 

during and after the intervention. It was through these interviews that evidence of amplifiers 

and filters emerged. The amplifiers and filters that emerged during the knowledge transfer 

from the cPCK to pPCK were addressed under Research Question 4, and those that emerged 

during the knowledge transfer from the pPCK to ePCK were addressed under Research 

Question 3. 

A post-PDI questionnaire was also used to capture the teachers‘ personal PCK after the 

intervention. These responses were discussed under Research Question 3. Although the initial 

hope for the study was for the researcher to observe the teachers as they enact their PCK, this 

was not possible as the schools were all closed. The researcher used a lesson plan template 

(Appendix L) to capture the teachers' enacted PCK during the planning phase of enactment.  

The sequence of concentric circles in the framework symbolically situates one realm of PCK 

within another. This sequence illustrates the overlapping nature of the three realms of PCK, 



206 
 

with each realm being a subsidiary of another. It shows that the three realms are co-dependent 

on each other, that ePCK is a subset of pPCK, and that pPCK is a subset of cPCK.  

The data analysis used a validated PCK rubric (Appendix H) designed using the grand rubric 

for PCK (Chan et al., 2019).  The components of PCK in the rubric used for this study were 

aligned to the CoRe prompts (Loughran et al., 2004), adapting them to elicit the knowledge 

of the PCK components. During the analysis, the researcher also referred to the expert CoRe 

of extraction of metals. These two instruments for analysis were developed to assess the 

quality of the participating teachers' PCK in the components of PCK. The components were 

as follows: skills and knowledge about curricular saliency, student thinking and conceptual 

teaching strategies in the topic. The scores given to the teachers for each component were 

averaged to get an overall PCK for each teacher. 

7.3 Answering the Research Questions 

As mentioned above, four secondary research questions were created to help answer the 

primary research question. The findings are summarised below. 

7.3.1 Secondary Research Question 1 

Secondary Research Question 1 was: What are chemistry teachers‟ views about sustainability 

and education for sustainability?  

The teachers‘ views about sustainable development and education for sustainable 

development were assessed before the intervention through the screening questionnaire and 

after the intervention through interviews. Before the intervention, all the teachers agreed that 

sustainability issues were relevant to chemistry and that it was important for students to be 

taught about sustainability issues. The issues they considered relevant were preservation and 

restoration of the environment, renewable resources, fuels, pollution, extraction of metals, 

ozone depletion, climate change, conservation of natural resources and recycling. The issue 

raised most frequently by the teachers was the conservation of natural resources mentioned 

by four of the six participants. After the intervention, the teachers still agreed that 

sustainability was relevant to chemistry and it was important for students to learn about 

sustainability issues. When asked to name the issues that they considered relevant, the issues 

that were repeated, with four or five of the teachers mentioning them, were pollution, global 

warming and climate change. Notably, one of the participants, who had not mentioned any of 

these issues before the intervention, mentioned all three frequently mentioned issues, 

including conservation of resources, which was the most frequently raised issue before the 
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intervention. Since the teachers were not at school and had no interactions with other 

teachers, the assumption is that the new knowledge revealed by the teacher was a result of the 

intervention. Sustainability issues revealed after the intervention, and not before, were those 

of acid rain, deforestation and biodiversity. 

When asked which physical science topics could be used to address sustainability issues, 

most teachers mentioned the topic of ‗metals‘. After the intervention, in addition to the topic 

of ‗metals‘, the topics of ‗non-metals‘ and ‗organic chemistry‘ were mentioned by four or 

five participants. Interestingly, the same teacher mentioned above, who had not given any 

response before the intervention regarding suitable physical science topics, mentioned all 

three of these frequently mentioned topics after the intervention. 

Teachers revealed in the screening questionnaire that they had more uncertainties about ESD 

than SD. Three of the six participants were unsure whether ESD pedagogies were student 

centred, and two of the six were unsure whether ESD promotes participatory learning and 

higher order thinking skills. It seemed that the teachers were generally not informed about 

ESD and did not practice ESD in their teaching before the intervention. A reason for this 

general lack of information about ESD was that teachers had not paid attention to the aims of 

the EGCSE physical science curriculum made available to them at the beginning of every 

year by their administrators. This was revealed in some of the teacher‘s interview responses, 

where they admitted that syllabus coverage was their main focus.  

In one of the post-intervention interviews, the researcher asked the teachers what they had 

learnt about ESD and how their lessons would be different moving forward. The most 

frequently mentioned response was that they would use teaching methods that promote 

problem-solving, critical thinking and participatory learning. These pedagogies are student 

centred and characteristic of ESD, and therefore show a gain in teacher‘s knowledge 

regarding ESD. 

7.3.2 Secondary Research Question 2 

Secondary Research Question 2 was: What is the nature of personal topic-specific PCK about 

extraction of metals with big ideas related to environmental sustainability, revealed in the 

teachers‟ planning prior to the PDI? 

A pre-PDI questionnaire was given to the six teachers before the PDI took place. The 

responses to this questionnaire allowed the researcher to establish the level of teachers‘ 
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personal PCK about the extraction of metals, through the teaching of big ideas related to 

environmental sustainability, before an online professional development intervention. The 

questions focused on obtaining information from the teachers about what they would consider 

when teaching lessons on ―the extraction of metals‖ with a particular focus on the 

environmental impact of mining and conserving resources. All the questions from the 

Loughran et al.'s (2004) CoRe tool were modified to draw the teachers to these two 

sustainability issues, which were the big ideas. These big ideas allowed the teachers to 

incorporate sustainability into their reasoning and responses.  

The PCK utilised a rubric to assess the quality of the teachers‘ PCK using a four-point scale 

with scores of 1 for limited, 2 for basic, 3 for developing and 4 for exemplary (Park et al., 

2011). It was found that all the teachers had a basic pre-PDI PCK, except for Mrs Zikakala 

who was found to have a developing PCK. When analysing their PCK per component, it was 

revealed that all the teachers had their highest scores in the component of knowledge and 

skills related to curricular saliency (CS). The one thing that these teachers had in common 

was that they were experienced teachers. It is possible that their experience with teaching 

chemistry and the topic of ―the extraction of metals‖ in particular could be the reason for a 

high score in the component of CS. Mrs Zikalala, Mrs Dlamini and Ms Dube had their lowest 

scores in the component of conceptual teaching strategies, and Mr Mavuso, Mr Cele and Mr 

Fakudze had their lowest scores in the component of student understanding. 

7.3.3 Secondary Research Question 3 

Secondary Research Question 3 was: What is the nature of personal topic-specific PCK about 

extraction of metals with big ideas related to environmental sustainability, revealed in the 

teachers‟ planning after the PDI? 

This research question focused on transferring knowledge from the pPCK to the ePCK. The 

final post-intervention PCK score was found by selecting the higher of the scores received 

from the questionnaire (pPCK) and the lesson plan (ePCK). The post-intervention PCK of the 

teacher can be identified by this value because ePCK is a subset of pPCK (Carlson & 

Daehler, 2019). The ePCK is used by a teacher when planning, teaching and reflecting on a 

lesson. During this enactment, the teacher only uses parts of the bigger realm of pPCK. This 

means that the ePCK makes up only part of the pPCK. On analysis of these two scores for 

each participant, there were three findings; the ePCK and pPCK scores were the same, the 

ePCK score was higher than the pPCK score, or the ePCK score was lower than the pPCK 
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score. The differences between the pPCK and ePCK showed the presence of amplifiers and 

filters in transferring knowledge between these two realms of PCK. 

Mrs Zikalala, Mr Mavuso and Mr Fakudze were the only three participants who did not have 

instances where their ePCK was fully demonstrated. Possible amplifiers for Mrs Zikalala 

could have been her beliefs about the nature of science content and her role as a teacher. In 

her interview responses, she showed awareness of the abstract nature of scientific concepts 

and later stated that she believed it was her duty to make students aware of sustainability 

issues. Mr Mavuso‘s amplifier could have been a possible change in his teaching orientation 

from a more teacher-centred to a student-centred approach. Possible amplifiers for Mr 

Fakudze were not revealed to the researcher. Although three of the six participants had at 

least one incidence where the ePCK was lower than the pPCK, this did not mean they did not 

have instances where the ePCK was higher. Other possible amplifiers found were that of 

interest and commitment from Mr Cele, and knowledge of student attitudes from Ms Dube. 

The cases of the teachers that displayed an ePCK that was either the same or higher than the 

pPCK were more frequent.  

From Mrs Dlamini‘s interview responses, it was evident that her own learning experiences 

may have acted as a filter, as they may have affected how she viewed her responsibility as a 

teacher. In some cases, like Ms Dube, it was found in the representations, what acted as an 

amplifier for transferring knowledge from cPCK to pPCK, possibly acted as a filter for the 

transferring knowledge from pPCK to ePCK. In other cases, such as Mrs Dlamini, Ms Dube 

and Mr Fakudze, there was the possibility of the same factor acting as an amplifier for one 

teacher and a filter for another. It is worth noting that although filters and amplifiers inform 

knowledge transfer between the two realms of PCK, pPCK and ePCK, there were instances 

where the researcher could not infer possible filters and amplifiers from the interview 

responses. 

Possible amplifiers revealed from the teachers‘ interview responses were their awareness of 

the abstract nature of scientific content, the realisation that they lacked knowledge in some 

areas, awareness or new knowledge on different types of teaching strategies, and focusing on 

content delivery. Possible filters revealed were beliefs that students should be independent 

researchers, assumptions that students already know the content, lack of confidence to 

employ new knowledge, lack of experience and focusing on content delivery. Three possible 

scenarios were found regarding how amplifiers and filters affect knowledge transfer from one 
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realm of PCK to another. Firstly, a factor that acted as a filter for one teacher may have acted 

as an amplifier for another teacher, or vice versa. This was seen with Ms Dube and Mrs 

Dlamini and their lack of experience in using questioning to assess students‘ prior 

knowledge. Secondly, a factor that acted as an amplifier for transferring knowledge from 

cPCK to pPCK, could also act as a filter for transferring knowledge from pPCK to ePCK. 

This was evident with Ms Dube, where her realisation that she lacked knowledge on teaching 

methods and representations that would keep her students interested acted as an amplifier in 

her transfer of knowledge from cPCK to pPCK. This same realisation could have caused a 

lack of confidence to employ the new knowledge gained as she displayed an ePCK that 

scored lower than her pPCK. Lastly, it was found that a factor that acted as an amplifier for 

transferring knowledge in one component of PCK acted as a filter in another component. This 

was evident with Mr Fakudze and his focus on content delivery. 

7.3.4 Secondary Research Question 4 

Secondary Research Question 4 was: How does a professional development intervention 

influence the development of an experienced chemistry teacher‟s topic-specific PCK on the 

extraction of metals? 

This research question focused on transferring knowledge from the cPCK to the pPCK. In 

this study, the cPCK was represented by the intervention. From the person averages, it is 

evident that all participants showed an overall positive gain in the quality of their pPCK as a 

result of the intervention. This means that all the teachers were able to draw on the cPCK and 

demonstrate their pPCK. Figure 7.2 summarises the difference between the teacher‘s pre-

intervention PCK score and post-intervention PCK score. These scores are the overall PCK 

scores, with all PCK components included. 
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Figure 7.2 

Comparison of teacher‟s pre- and post-intervention PCK scores 

 

 

According to the RCM, science learning takes place within a context, and this context can 

serve as an amplifier or filter to the transfer of knowledge between these two realms. It is 

worth reminding the reader that during this intervention, the learning context for these 

teachers was not typical. The teachers were at home, due to the COVID-19 lockdown, with 

no exposure to students or other teachers.  

From the interview responses, it was found that all the teachers believed that it was important 

for students to learn about sustainability and even gave reasons. They also agreed on the key 

role they needed to play in the implementation of ESD and that teacher‘s needed professional 

development on how to incorporate sustainability into their teaching. These views could have 

acted as amplifiers for the teachers as they show their beliefs about the purpose of teaching. 

Another amplifier could have been the flexibility of the online intervention, as five 

participants mentioned in interview responses that they could go through the intervention at 

their own pace when it was most convenient for them. When comparing the pre- and post-

intervention scores for the different PCK components, it was evident that three participants 

showed a positive gain in the quality of their PCK on all three components of PCK. Ms Dube, 
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Mrs Zikalala and Mr Cele only showed an improvement in two of the three components. An 

increase observed between the pre- and post-intervention scores was evidence of PCK 

development.  

Before the intervention, the participants had the highest average score in the component of 

curricular saliency. This component also had the lowest gain in the teacher‘s quality of PCK. 

The highest gain in the teachers‘ quality of PCK was on the conceptual teaching strategies of 

the topic.  

7.4 Discussion of the Study’s Findings 

As mentioned earlier, the study aimed to explore experienced chemistry teachers PCK of 

environmental sustainability, before and after an online intervention, when teaching about 

extraction of metals. The quality of the participating teachers' PCK was assessed using the 

components of PCK: skills and knowledge related to curricular saliency, student thinking and 

conceptual teaching strategies about the extraction of metals with particular focus on 

conserving resources and the impacts of mining. The simultaneous teaching of the topic of 

extraction of metals and environmental sustainability requires teachers‘ knowledge of the 

components of PCK about this topic and the concept of ESD. Although the teachers agreed 

that sustainability issues were relevant to chemistry and that it was important for students to 

be taught about sustainability issues, the findings show that the teachers had uncertainties 

about ESD before the intervention. This meant that the foundation for developing their PCK 

about environmental sustainability was not solid. These uncertainties also affected how they 

planned and conducted a lesson (Magnusson et al., 1999). After the intervention, the 

participants revealed through interviews why teachers were the key agents in the 

implementation of ESD and that ESD requires teaching methods that promote problem-

solving, critical thinking and participatory learning. According to Burmeister and Eilks 

(2013), a positive attitude, knowledge of content, and suitable teaching strategies are 

requirements for infusing SD into teaching.  

The study focused on how chemistry teachers reveal their PCK about environmental 

sustainability when preparing to plan a lesson on the extraction of metals. Their preparation 

for the planning was revealed in their responses to questionnaires and interviews, as these 

questions solicited information on how they would plan their lesson. The final outcome of 

everything that was done, the intervention, the questionnaire and the interviews, was the 

planning of a lesson. They revealed their PCK through various instruments in this process. 
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The teachers' pre- and post-intervention PCK were found to establish the extent to which they 

could transfer knowledge from the PDI to their pPCK. It was found that before the 

intervention, the teacher‘s knowledge of curricular saliency was better than their knowledge 

of conceptual teaching strategies and student understanding. This finding was similar to 

Makhechane's (2021) findings with PGCE pre-service teachers. This meant that the teachers 

had better knowledge about the important concepts that needed to be taught, the pre-concepts 

needed by the students to understand the new concept, the concept itself and how the concept 

could be sequenced in relation to other concepts.  

The study found that the quality of the teacher‘s PCK improved after the intervention for all 

the teachers. This showed that the experienced teachers could draw on the knowledge they 

were exposed to in the intervention, which was based on collective PCK, to develop their 

pPCK and ePCK. Although there was a general increase in the overall PCK of the chemistry 

teachers, the study showed a varying increase in PCK development amongst the teachers. 

Similarly, Mavhunga (2019a) found that the improvement of pre-service teachers' PCK 

varied despite exposure to the same intervention.  

The study also showed that some teachers had poor transferring of knowledge from their 

pPCK to their ePCK as they could not sufficiently draw on their pPCK to demonstrate their 

ePCK fully. Mazibe et al. (2018) had similar findings when comparing teachers' reported 

PCK and enacted PCK. According to Shulman (1987), before a teacher enacts a lesson, a 

reasoning process must occur. This process allows the teacher to make decisions about how 

the content will be delivered based on their knowledge bases. Pedagogical reasoning, 

therefore, drives the transfer of knowledge from pPCK to ePCK and can also be influenced 

by factors such as  teachers' beliefs, context and affective factors (Mavhunga, 2019b). These 

factors are referred to as amplifiers and filters in the RCM (Carlson & Daehler, 2019). 

Possible amplifiers or filters include a teacher‘s values, self-efficacy, commitment, emotions, 

knowledge, beliefs, and micro-politics (Hong, 2010). An amplifier that was identified by 

Mavhunga and van der Merwe (2020) when investigating the translation of ePCK in the 

planning stage (ePCKp) to ePCK in the teaching stage was teachers reflections, particularly 

reflection-for-action. Since these are unique to a teacher, the implication for PCK 

development is that it is individualised 

There was also varying improvement across the PCK components. Similar to the findings of 

Pitjeng-Mosabala and Rollnick (2018), in this study the component of curricular saliency had 
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the lowest gain in the teacher‘s quality of PCK. Most knowledge transfer from the PDI to the 

teacher‘s pPCK occurred in the component of conceptual teaching strategies. This finding 

was similar to that of Mavhunga and Rollnick (2013) in a study with pre-service teachers as 

well as that of Pitjeng-Mosabala and Rollnick (2018) in their study with 14 novice uncertified 

graduate science teachers. The assumption for this study was that the teachers may not have 

had much exposure to other sources that could influence their PCK development because the 

intervention was during the lockdown. This assumption meant that the knowledge they 

gained could have come solely from the intervention to which they were exposed.  

7.5 New Knowledge Contributions to the Study 

The study contributed to the field of PCK by providing evidence that it is possible to develop 

the pPCK and ePCK of chemistry teachers. This study focused on experienced chemistry 

teachers. In this study, an experienced teacher has been teaching for more than six years. 

Most previous studies that focused on PCK development investigated pre-service or novice 

science teachers. This study also used an online professional development intervention, 

whereas most previous studies have used face-to-face in-person interventions. This study, 

therefore, demonstrated that it is possible to use an online PCK-based intervention to develop 

the PCK of experienced chemistry teachers.  

The study investigated how the teachers used the knowledge they gained from the PDI to 

inform their personal PCK. It also looked at how the teachers transferred knowledge from 

their pPCK to ePCK. The study showed that although all teachers‘ PCK developed, their 

PCK did not develop at the same level, as some teachers‘ PCK developed more than others, 

and some components developed more than others. It was also found that not all teachers 

could draw on their pPCK to demonstrate their ePCK. The researcher interpreted these 

differences based on the presence of filters and amplifiers which inform the transfer of 

knowledge from the cPCK to the pPCK and later from the pPCK to ePCK. This finding was 

in line with the RCM (Carlson & Daehler, 2019), which was the conceptual framework of 

this study. 

Another contribution is that, as far as I could establish, this is the only study that explores 

science teachers' PCK about environmental sustainability using the chemistry syllabus topic 

―extraction of metals‖. In doing so, the study contributed an expert CoRe (Appendix I) of the 

extraction of metals with big ideas related to environmental sustainability. Since the expert 

CoRe was a contribution from teachers and experts in the field, it represents the collective 
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PCK. The content in the expert CoRe is an extensive yet not exhaustive representation of 

knowledge about teaching this topic.  

In addition to the expert CoRe, a validated PCK rubric (Appendix H) was another 

contribution made by this study. The PCK rubric was designed to score the teachers' 

responses to the pre- and post-PDI questionnaire and later adapted to score the teachers‘ 

responses to the lesson plan they had created. The responses were repeatedly co-rated by 

three coders, leading to a revision of the level descriptors until there was consensus among 

the coders that the knowledge displayed by the teachers was in line with the level indicated. 

7.6 Reflections on the Research Design and its Limitations 

7.6.1 Reflection on Methodology 

This section reflects on some aspects of the methodology, particularly the questionnaire used 

for data collection. 

The CoRe-prompts (Loughran et al., 2004) were modified to design questions that were more 

specific and draw the participants‘ focus to the topic of the extraction of metals and the 

corresponding big ideas. The big ideas were predetermined by the researcher and taken from 

outcomes six and seven under the topic of the extraction of metals in the Physical Science 

EGCSE syllabus. These big ideas; conserving resources and the environmental impact of 

mining, were seen throughout the questionnaire.  

Although most of the questions focused on the big ideas, the questions at the beginning of the 

questionnaire referred to the extraction of metals. The researcher realised that to come up 

with a good expert CoRe, all the questions should be directly related to the big ideas. The 

researcher separated these questions from the rest of the expert CoRe (Appendix I). 

When analysing the questionnaire, the researcher found that some questions were not 

adequately addressed. For example, when teachers were prompted for reasons after a 

question, they did not respond. This was common for the questions about students‘ 

misconceptions and learning difficulties. This could suggest that the participants were not 

used to being asked to think about these types of issues before and therefore were unable to 

reveal their professional knowledge.  

Another observation made by the researcher was related to how the teachers structured their 

questions. In response to the prompt, ―What questions would you use to access students‘ 
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thinking and understanding?‖ teachers did not structure their questions well. According to the 

framework for lesson planning proposed by Geddis and Wood (1997), questions should be 

accompanied by expected answers. The researcher, therefore, believes that if a similar study 

is conducted where teachers are required to list questions, the teacher should also explicitly 

be requested to provide the expected responses. This approach would help the teacher to 

structure good questions.  

On completion of the pre-PDI questionnaire, the teachers were exposed to the intervention. 

The researcher later realised that an interview after reviewing the teachers‘ responses to the 

pre-PDI questionnaire would have given the researcher more information and depth into 

understanding the teachers' initial PCK about environmental sustainability. It could also be a 

suggestion for future similar studies that interviews should be conducted after questionnaires 

to elicit further information on the responses. 

7.6.2 Reflection on Working with the Grand Rubric 

The grand rubric for measuring science teachers‘ PCK is a tool proposed by Chan et al. 

(2019) to measure the different realms of PCK proposed by the Refined Consensus Model 

(RCM). Since the rubric is generic, it needs to be customised to best suit a specific study. In 

this study, the tool was customised to create a PCK rubric (Appendix H) that would be used 

to analyse data that was collected using a questionnaire and later a lesson plan. In the process 

of customising the rubric, some aspects of the rubric were maintained, and others were 

altered.  

The rubric suggests several data sources for each component of PCK across the three realms 

proposed by the RCM. For this study, some of the data sources proposed by the rubric were 

maintained as a pre- and post-professional development intervention (PDI) questionnaire. 

Interviews and a lesson plan template were used to capture the six participating chemistry 

teachers‘ pPCK and ePCK. The rubric also suggests that there should be performance levels. 

Although the grand rubric does not specify the number of levels, in this study, the PCK 

component prompts were rated using a four-point scale with scores 1 for limited, 2 for basic, 

3 for developing and 4 for exemplary (Park et al., 2011). 

The main aspect of the altered grand rubric was the number of components assessed. The 

grand rubric suggests five PCK components, yet the PCK rubric used in this study only 

focused on three: knowledge and skills related to curricular saliency, knowledge and skills 

related to conceptual teaching strategies and knowledge and skills related to student 
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understanding of science. Since the researcher could not observe the lessons, the study 

focused on the teachers‘ pPCK and ePCK during the planning phase of teaching. Therefore, 

the component that deals with the integration between PCK components was not included. 

Although the researchers who proposed the grand rubric believed that pedagogical reasoning 

takes place during the manifestations of all other components, they positioned the PCK 

component of pedagogical reasoning as a standalone component. During the construction of 

the PCK rubric used in this study, the researcher opted to incorporate pedagogical reasoning 

into its respective components. This meant that the rubric level indicators catered for 

pedagogical reasoning within each of the other three components that were part of the rubric.  

7.6.3 Reflection on Using an Online Intervention 

The professional development intervention comprised four 15-20 minute online training 

sessions. The sessions were in the form of narrated PowerPoint presentations which were sent 

to the participants via email. Since schools were closed due to the COVID-19 pandemic 

lockdown and teachers were at home, the researcher was aware that the issue of network 

connections would be a significant challenge. It is worth noting that although most areas in 

Eswatini have network connections, the signal is poor, and data bundles are expensive. For 

this reason, the researcher opted not to deliver the intervention using real-time face-to-face 

methods like Google meet and Zoom, as these would require a robust, stable internet 

connection and a large amount of data. Although the researcher attempted to make the 

intervention delivery easier via email, the size of the presentations became a challenge when 

internet connections were poor. At some point during the intervention, four of the six teachers 

mentioned internet issues, and two of the six participants experienced problems during the 

cell phone interviews because of a bad connection, as their homes were in rural areas.  

Three teachers had another challenge: an online intervention needs discipline and good time 

management skills. The teachers had to find time to check the email, download the 

presentation and then watch it. Despite this challenge, four of the six teachers found the 

method of delivery to be an advantage as they believed that once they had downloaded the 

presentation, they could watch it in their own time, at their own pace and even rewind if there 

was something they had missed. Another advantage mentioned by the teachers was that the 

intervention was cost-effective in terms of cutting costs for transport and food, as these were 

necessary when attending face-to-face interventions or workshops. 
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7.6.4 Limitations of the Study 

Despite the appropriate research design and data collection methods, the nature of 

educational research means there will always be limitations. It is essential that these 

limitations are reported and acknowledged (Yin, 2018). For this qualitative research, two 

limitations should be taken into account. Firstly, the study constituted a total of six chemistry 

teachers. Although the small sample size of the teachers was chosen to get rich, in-depth data 

(Maree, 2007), this sample size limits the generalisability of the findings. Secondly, the study 

focused on the development of ePCK in the planning for a specific topic. This approach 

meant that it excluded the other aspects of ePCK, namely the actual teaching and the 

reflection. Although the researcher intended to explore the teachers‘ ePCK during the 

teaching of a lesson on the impacts of mining, this was not possible. The study had to be 

changed because the COVID-19 pandemic resulted in the closure of schools and restrictions 

surrounding the ease and safety of face-to-face interactions. This inability to observe teachers 

to determine whether the lesson plan they created would be enacted in the lesson became a 

limitation to the study. This resulted in the data from the lesson plan being the only source of 

the teachers‘ ePCK. 

7.7 Recommendations and Suggestions for Future Work 

I offer several recommendations concerning the professional development of experienced in-

service teachers. The COVID-19 pandemic has shown us that teachers must be able to adapt 

to what is happening in the world and that teaching is not confined to a classroom. Teaching 

is changing; therefore, experienced teachers must be kept up to date with new developments 

in their profession, and innovative ways of exposing them to new ways of teaching must be 

found.  

The first two recommendations are for in-service teacher development programmes. The 

findings from this study showed that using an online intervention can develop experienced 

teachers‘ PCK. The intervention need not be in synchronous online form because of issues of 

network connections and expensive data bundles. The intervention can be emailed to one 

teacher, who can share the information. The teachers can then have discussions with their 

peers and share practices.  

Also, a focus on lesson planning, where the teachers are given a detailed questionnaire or 

lesson plan template, could be an innovative way for in-service departments to investigate 

teaching and learning. Again these instruments could be sent via email or the questionnaire 
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could be sent as a Google form. This would inform the aspects of teaching that they need to 

focus on during their professional development interventions. 

Another recommendation is for policy changes within schools and the Department of 

Education to support teacher development. Several studies have shown a link between a 

teacher‘s PCK about a concept and learner outcomes (Gess-Newsome et al., 2019). 

Therefore, professional development opportunities are necessary for teachers if schools want 

to enhance student learning and performance.  

The final recommendation is for teacher education institutions. There is a need for research 

on the PCK of both novice and experienced teachers as this would help to gain insight into 

the PCK for teaching different topics or concepts in science. These findings could inform 

teacher educators and be used to support teacher preparation programmes. 

This study only investigated the development of PCK in experienced chemistry teachers. 

Additional research on the PCK about the environmental sustainability of novice teachers 

would create a continuum of teacher knowledge and practice. Understanding this continuum 

from novice to experienced teacher would provide better information to support the 

development of teachers' PCK for pre-service and in-service teachers. 

Also, research in the area of PCK about environmental sustainability is minimal. Research in 

this area needs to be extended to include other topics revealed by the teachers in this study 

that have opportunities to infuse sustainability issues. 

The study showed that teachers have instances where there is a poor transfer of knowledge 

from their pPCK to the ePCK. Although the researcher‘s interpretations of these observed 

differences were based on the presence of filters and amplifiers between the three realms of 

PCK, this interpretation is inconclusive. Even though I do not have final answers, I do hope 

to alert researchers to issues that may be investigated. There is a need for research in this area 

to uncover the underlying factors that influence PCK development. 

Other suggestions for future work emerged during the reflection on methodology. The first 

was that if teachers are prompted to give questions, the teacher should also provide the 

expected responses. This would help the teacher to structure good questions. Also, when a 

questionnaire is given out to participants, it is best to follow up with an interview to elicit 

further information about the responses. This would also help in cases where there are 

questions with no responses. Lastly, when tracking the development of PCK from the pPCK 



220 
 

to ePCK, I suggest that all aspects of ePCK, teaching, planning and reflection should be 

investigated. This will provide more information sources when looking for evidence of 

amplifiers and filters.  

7.8 Concluding Remarks 

This study aimed to explore experienced chemistry teachers PCK of environmental 

sustainability, before and after an online intervention, when teaching about extraction of 

metals. The findings of this study revealed that the online professional development 

intervention enhanced the quality of the teachers' PCK about environmental sustainability 

through the planning of lessons on the topic of extraction of metals. The study showed that 

although all teachers‘ PCK improved, the PCK did not develop at the same pace or to the 

same level, despite being exposed to the same intervention. The differences in PCK 

development were attributed to the presence of amplifiers and filters that inform the transfer 

of knowledge between the three realms of PCK: collective, personal and enacted PCK. These 

results provide empirical evidence that supports the idea that the presence of amplifiers and 

filters inform the PCK transitions between the three realms of PCK. 

This study explored the PCK of experienced chemistry teachers. An experienced teacher is 

not necessarily an expert teacher, and this was confirmed in this study when two of the six 

participants revealed in different data sources, at different times, that they had the 

misconception that ―trees‖ or ―firewood‖ is a non-renewable resource. Also, experience does 

not always ensure the development of PCK for chemistry teaching.   

As an experienced chemistry teacher myself, I was able to view chemistry teachers through 

the eyes of a researcher rather than a practitioner. Through conducting this study, I gained a 

clearer understanding of the unique knowledge held by a teacher as identified by Shulman 

(1987) and consider ways that the findings of this study can inform and support in-service 

teachers. I plan to continue researching to contribute to in-service teachers‘ PCK 

development. 
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8 Appendices 

8.1 Appendix A- Excerpt from the EGCSE Physical Science 6888 Syllabus 
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8.2 Appendix B - Screening Questionnaire 
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8.3 Appendix C – Pre-PDI Questionnaire 
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8.4 Appendix D– Professional Development Intervention Slides 
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8.5 Appendix E - Schedule for Interview 1 
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8.6 Appendix F - Schedule for Interview 2 
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8.7 Appendix G- Schedule for Interview 3 
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8.8 Appendix H - PCK Rubric 
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8.9 Appendix I – Model answers and Master CoRe 
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8.10 Appendix J - Letter of permission from the Director of Education and Training 
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8.11 Appendix K – Consent forms for participants 
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8.12 Appendix L – Lesson plan template 

 

 

 


