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Abstract

Providing proper education and making learners aware of environmental sustainability issues
may be an effective way to help citizensatl with sustainability challengesTeachers,
however, have not been sufficiently trained on how to teach with sustainability concerns in
mind. The simultaneous teaching diemistry and environmental ainability requires
knowledge otthe concepts of Ratation for Sustainable Developmentldhe components of
pedagogical content knowledge (PCK). The current study explored experienced chemistry
teacherso per sonal PCK about environment al
extraction of metalsas a Cherstry topic This investigation included amquiry into the

effects of anonline intervention aimed atlevelopingt h e t eRCK.hSi rcliemistry
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 instrumentsmainly based on the CoReol,wer e used to capture
personal and enacted PCK. The focus was on emerging pattepteniminga chemistry

lesson with particular emphasis on the impact of mining on the environment. The data
analysis entailethe use ofa validated PCK rubric informed by the grand rubric. The focus
was on teacher s 0 culamsaliancyestudeat uredérssandiagdoonaeptuial
teaching strategieg he intervention provetb beeffective in the development of pPAK
chemistry teachers. However, the PCK developed to varying levels. Four participants showed
a positive gain in the quality of their PCK on all three comptsmef PCK while two only

showed a positive gaimitwo 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 resudésve a empirical evidence thathe presence of
amplifiers and filters infornthe PCK transitions between the three realms of PCK. The study
contributes to both theory and practice, highlighting the need for rese&womed
continuous professional developmaritteachers 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,
sustainabilityonline professional development
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CHAPTER 1
INTRODUCTION AND CONTEXT OF THE STUDY

AThe i mportance of sustainability to c hemi

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

to find ways to bring that connection and co
(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 a@hcontext of the study, define the problem that justifies the study and state
the main purpose of the study. The research questions are followed hy dayiohale and
significance, and last)ythe researcher defines some of the terms and conceptsnuesd i

thesis.

1.2 Introduction

The world is facingnanysustainability issuesgnd these issues are likely to worgElower,

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¢nsitzing 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 forefrooit bringing about change and innovation in educa{®uh &

Park, 201Y. To integrate the concept of sustainability into their teaching, teachers need not
only to understand t& 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 learnexacfiers' knowledge and skills to translate content
and nake it understandable to learners are caedagogical Content Knowledge (PCK)
(Shulman, 1986 PCK is not a mere overlap of subject content knowledge with pedagogical
knowledge (Shulman, 198 it is a separate knowledge bagghulman, 198y and an
attribute that a teacher develops over ti{8aulman, 201p Consideringthe importance of
sustainability in education, teaching that infuses sustainability issues should be an integral

part of a teacher6s PCK.



1.3 Definition of terms/ concepts

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

A learner or studentrefers to a 14.8 year old schoeajoing childattending high school and
i s I n Form 4 or Form 5. Form 4 and 5 are

government schosl Grades 11 and 12.

Sustainable Developmen{ SD) refers to devel opment that
generation without compromising the ability
(WCED, 1987, p. 43).

Sustainability means At he huhmaatn dboeehsa vin wturi mrevocably
(Schultz, 2013, p.22). It encompasses limiting pollution, conservation of resources and

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

Education for Sustainable De&elopment (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 irthe present and for future generations (UNESCO, 2005). In this,tthesis

phrase fieducation for sustainabilityd was us

Curriculum refers to thdearning experiences provided to learners inside and outside the
school. Thisschool curtulum may include the course of study, timetables, syllabi,

curriculum guidelines, learning materials, textbooks and assessment guidelines.

Syllabus refers to an official guiding documeobmprisingthe aims, assessment objectives

and learning objectivggontent coverage) of a particular course of study.

Physical scienceefers to a school subject in the Eswatini high school curricalumprising
physics and chemistitppics. Although the two disciplines are taugbparately by either the

same or diffeent teacherghysical science is examined as a single subject.
Experienced teacherefers 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, 109Zed Nations Educational,

Scientific and Cultural Organization, 2012%/orld Commission on Environment and



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 Environmanid 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, rasgareness about them, and suggest solutions
and strategies foimplementingthe proposed solutions (Jarvie, 2016). Four years later, in
1987, the Brundtland report was released thg WCED. The report described SD as
comprising three components: enviromtad 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 2002ohannesburg for the World Summit on
Sustainabléevelopment. The doomes of these summits emphadishe significant role of
education in achieving SD. Soaifter that the United Nations (UN) announced 2214

as theDecade 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)andin 2009an Eduation Sector Policy was drafteth 2011 the

Ministry of Education and Training launched the Education Sector Policy. The Eswatini
Eduation and Training Sector (EDSEC) policy which was later revised and released in 2018,
states that one of the medium to lengr m obj ecti ves is to #dAstr
education within the framework f ust ai nabl e devel opmeantd 0 ( Mi
training 2018, p. 12). Furthermore, the policy aimed to revise education and training from
primary school through university to include a clear focus on sustaina@Mityistry of

Education and Training, 20L8Something worth noting is that during the revision of the
EDSEC policy, the ministry of education and training moved the secti® polcy 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.



1.4.3 Concerns about TeachisdPCK of ESD

Despite the fanation 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
devebpment(Mckeown, 2012 Nonetheless, according to UNESCO (2014), teachers are not
prepared to teach for sustainabilifyney do not have much content knowledge surrounding

the concepts of SD and ESD, and even less pedagogical knowletigevdo irtegrateESD

into their teachingBurmeister et al., 2033 Although Swazi teachers suppantegrating
sustainability issues into teaching, they lack familiarity with the concept of [E6bDe &

Lubben, 201}

According to Shulman (1987) a teacher possesses a unique kind of knowledge. This
knowledge differentiates a teacher from a subjectiafpst. According toGeddis (1993)a

teader who is a subject specialist is an exceptional teaCher. 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 topispecific (Shulman, 1986 A teacheis PCK can be observed by
focusing on a single topi®/eal & MaKinster, 199%

Before comprehending how a teacher carries out instruction, one needs to understand why a
teacher teaches the way they do. This enqui
PCK. How the teacher teaches is influenced by a combination of what was learnt in their
teacher education institution, -gervice training, advice and examples given to them by

senior teachers and their own experienéaxording toEvens et al. (2015)nterventions

that contain PCK cosres whi ch aim at i mproving teacher.
teach can | ead t o de vlethecpnmet oftEswatihi, what a4 teaaherh e r 0 s

teaches isnostlydetermined by the syllabus of that particular subject.

1.4.4 The Eswatini General Celificate of Secondary Education (EGCSE) Physical
Science Syllabus

The secondary school science curriculum in Eswatini comprises a pamd@enior science
curriculum. The junior secondary science (JSS) curriculum is a-ylel@eprogramme that

uses a comixtualised teaching approach. This approach attempts to linkfeesituations to
school science. This teaching approach is favourable to ESD as it uséfe resslues

rel evant to the | earnerso | ives.



The Senior Secondary curriculufior the Eswatini General Certificate for Secondary
Education (EGCSE), the focus of this study, is a-ywar programme offered to learners in

Form 4 and Form 5. In these two yedesarners are taught five compulsory subjects and a
minimum of three electives. The compulgsubjects are Siswatieither as a first or second
language, English, mathematics, religious education and science. The compgcisoncg
subject group consists of biology and physical science. The school administration is at liberty
to decide which ofthe 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.
Canddates entered for GCSE physical sciencestudy both sections as the national
examination assesses both chemistry and physics within each of three papers written by
candidatesPaper 1 is a short answer paper with a total of 40 marks. Paper 2 is a theory paper
consistng of structured questions tbtey 80 marks. Both Paper 1 and Paper 2 are designed
to test studentsd concept ua ltorkandosohe erdbipms. a n d
The third paper, a practical assessment, gives students two optiarisoh to be evaluated

Option 1 is a practical test which assesses experimental and observational skills. Option 2 is
the alternative to practical work and cmmts of a written paper designed to evaluate

familiarity with laboratorybased procedures.

The curriculum content coverage is listed as part of the syllajuiding teachers on the
structure and formafor assessinghe subject. According to the Examimats Caincil of
Eswatini (2019), thechemistry section, which is of interest to this study, comprises the

thirteen topics listed below.

Particulate nature of matter
Elements, compounds and mixtures
Experimental techniques
Physical and chemical change
The periodic table
Atomic structure and bonding
Stoichiometry
Chemical reactions
Acids, bases and salts

. Metals

. Electricity and chemistry

12. Norrmetals, and

. Organic chemistry.
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An analysis of the physical science syllabus reveals that there is neither mention of
sustainablelevelopment 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 @h are useful in everyday life and applicable in
domestic, environmental and industrial situatiogs,stimulate learner interest in,
and care for, the environmegt promote awareness that the applications of science
may be both beneficial and detrimentab the individual, community and

environmen{Examinations Council of Eswatir2019 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 insiru@NESCO, 2014).

1.4.5 ESD and ChemistrjEducation

The topicof iex t r act i on of me t adse thlatahas oppereinitiesifal e nt i
chemistry teachers to integrate environmental and sustainability coAgesuch it allows

the researcherto explocech e mi stry teachersé PCK about envi
1.1 is an extract of the Eswatini General Certificate of Secondary Education (EGCSE)
physical sciencé888) syllabuswhich 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

C11.3 Extraction of metals

describe the ease in obtaining metals from their ores by relating the elements to the reactivity series.

name metals that occur native including copper and gold

name the main ores of aluminium, copper and iron

describe the essential reactions in the extraction of iron in the Blast Furnace

outline the manufacture of aluminium from pure aluminium oxide using electrolysis

describe the importance of conserving resources

. describe the environmental impact of the mining and extraction of metals on vegetation , plants, human beings
and animals

(Examirations Council of Eswatini, 20)9

e e

This extract shows th&@bjectives 6and 7 provide a good opportunity for teachers to teach
these scientific concepts and incorporatevironmental sustainability issued concern,
however, is whether chemistry teachers have the knowledge and skitfedtively identify

these opportunities ange them to promote meaningful learning



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 sustaindtdigown,

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 environme(Burmeister et al., 2012)This implies that even though the
EGCSEphysical scienceurriculum does not explicitly mention sustainable develept,

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 principlefJNESCO, 2012)p In addition to the conteminowledge (CK), the
teacher must also understand the concept of SD that they wish to integrate, how it relates to
the subject contentnd 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 changeatiety(Lasker

et al.,2017).The teachers themselves have not been sufficiently tramédw to teach with
sustainability concerns in mindUNESCO, 20131 This implies that t e
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 tk physical science syllabuappropriate for integratingustainability
concerndUNESCO, 2012p The focus of the current study is to therefore explore the effect

of a professional devel opment intervention

about environmental sustainability in the chemistry topiextfaction éd metals

1.6 Purpose of the Study

This study aimed o expl ore experienced chemistry tes
environmental sustainability when teaching altbetextraction of metals. This investigation

included an enquiry into the effects of an intervention aimedegtlopingthe teacheis

pPCK. The research involved gathering information before and after the interviotion
experienced high school chemistryadbersregardingtheir knowledge and skills through

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

environmental sustainability.



1.7 Research Questions

The primary ressrch question for thistudy is as follows:

How does a professional development intervention (PDI) influence experienced chemistry
teachersdé6 personal PCK about environment al

of a lesson otheextraction of metals?

The researcher explored the specifimWwledge and skills used by chemistry teachers when
planning lessons orthe extraction of metals. The goal was to develop the necessary
competencies in teachers required to identify opportunities for teaching sustainability issues

in the curriculumand infuse them into teachingpecific science topics. The teacher was
expected to plan a lessdo developlearners' academic excellence and environmental,
economic and social responsibilityhis necessitated a PDI for enhancing the chemistry

t eac her s &enkRr@kentllswstainability. The researcher continued to explore how

the PDI had i mpacted the t eachandatéthe®BICK by ¢

The secondary research questions are as follows:

1. Wh at ar e c h e mviews rapgout tsustaabilitye and éeducation for
sustainability?

2. What is the nature of personal togigecific PCK abouthe extraction of metals with
big ideas related to environment al sust a
prior to the PDI?

3. What is the nature of personal togipgecific PCK abouthe extraction of metals with
big ideas related to environment al sust a
after the PDI?

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

experienced chemistitgached wopic-specific PCK ortheextraction of metals?

1.8 Rationale of the Study

This study explored the PCK of experienced chemistry teache@n experienced chemistry
teachermyself, | only learntthe concept of ESOvhen | did my Mastés degree. | was
intrigued by the concept and startegbearching the concept itself and, more specifically,
what its implementation into teaching meant for teachersemuthereducators. Firstly, | was
curious whether science teachers were familiar with the concépt werethe only one left

in the dark. Secondly, if teachers wearsaware of the concept, would they be open to

8



learning about | conducted my Masttr researh to answer these questicsdto explore
chemistry teacherso knowl edge and percepti
teaching. Although the chemistry teachers were not familiar with the concept of SD, they

were able to relate to its environm& aspect andelieved hat the subject o€hemistry

could be used to incorporate sustainability. Also, the teachers cited their lack of knowledge
about ESD as anof their major challenge3hese findings urged me to do manew could

| use my research toenl p devel op ledgeabohtesussaidabilikyfihcough

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

held by a teacher as identified Biaulman (1987and consider wayhat the findings of this

study could inform and support the development e§ier vi ce teachersé pP

about environmental sustainability.

Over the yearsnany studies haveokedinto PCK and its components. More recently, as the
realisation grewthat PCK istopic-specific, research has focused @evelopinga t eac her s ¢
PCK for a particular topic. Some of the chemistry topics that have been researched are
chemical equilibrium(Dharseyet al.,2006; Makhechane & Mavhunga, 2021; Mavhunga &

Rollnick, 2013) physical and chemical chang@&ektas, 201) stoichiometry(Makhechane

& Qhobela, 2019 thin layer chromatographgHale et al., 2016jand organic chemistry
(Davidowitz & Potgieter, 20%,6Davidowitz & Rollnick, 201). 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 tothe literature by explorig the PCK of teachers in a topic not commonly
researchedthe extraction of metalsAs mentioned earlier, the topic of the extraction of

metals has been chosen because it has opportunities for chemistry teachers to integrate
environmental sustainability sses This makes the topic appropriate as the researcher

i ntends to explore chemistry teachersbo PCk
environmental aspect of sustainability was chosen as many identified environmental issues
have been associated withe chemical industryand this study focuses on chemistry
teachers. Also, in a study conducted bybe and Lubben (2011}he majority of Swazi

teachers regded 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 add#tet@search 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 Refin€gtbnsensus Model (RCMXarlson & Daehler, 2029

This study investigate 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 developmentotprer vi ce teachersd PCK, the ¢
add tothe body of knowledge about the development of experienced te@Plidfsandthe

factors that influence this development.

1.9 Overview of theMethodology

The researcher used a qualitative approach and a case study design for thiSistedihe
researcheemployed more than one teacher, each from a different school, the typesof cas
study used was a holistimultiple-case study. The sample for this study was drawn from a
population of chemistry teachers teachimgthe Hhohho region of EswatinlThe study
focused on teachers who have taught tfattm 4 and=orm 5chemistry and who were yet to
teach the topiof extraction of metalsThe researcher used a questionnaire to screen the
teachers andame up with a sample of six chemistry teacheeghefrom a different high

school.

The study usegtariousdata collection methods to investigate how chemistry teachers reveal

their personal PCK about environmental sustainability through planning a lesstire on
extraction of metals. Ae data collection as conducted in three phases to examine the

t e a ¢ h epP@Ks kngwtedge transitions and peRCK The purpose of the first phase of

data collection was to explore a teacher ds i
they plameda lesson orthe 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 interveion during the second phas&elephonic interviews were used
throughout the intervention to collect data pertaining toPbécontentand he par ti ci pa
views and experiences while undergoing the intervenfi@ta collectedri the final phase

was usd to help the researchanderstand h e t e a ePDlepPGKd Dupng the third

phase, teachers were given back theRidé questionnaires that they had responded to and

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

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

enact it. Thepostquestionnaire and lesson plan respongeie analysed and scored using a

PCK rubric.
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1.10 Structure of the Thesis

The thesis comprises seven ptaas. The first chapter is the introduction to the study.
Chapter two reviews related literature and conceemlihe framework used to guide the
study. The methodology is described in chapiteze Chapterdour, 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 Sudy

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, statgtutig's main purpose and
define the research questions thaide the study. The research gtiens 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 R eview

This chapter reviews the literature surrounding the construct of PCK and the concept of
edcation for sustainable devel opment (ESD),
about erironmental sustainability. Chapter two looks briefly at the défiemodelsof PCK

that preceded the refinemnsensus model (RCM), which was fhameworkusedto 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 componenthé¢hagsearcher uséd
evaluate the teacherds 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 screec@sg,dite researcher
described the criteria used together with the sampling techniques. Data was collected in three
phases, the pfeDIl phase, the PDI phase and the {3t phase. The data collection
instruments and procedures used during these phasbeedhg discussed in this chapter as

they are elaborated pnand the data analysisn the following chapters. Issues of

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

This chapter presents the prgervention pPCK of the participant$he findings of this

research chapter are presented in two sections. The first section gtheetdta collected

from the six participating chemistry teachers using the screening @ueste. This was

done to address, in part, the first secondary research quastiomt ar e chemi stry
views about sustainability and education for sustainabilifyi® second section is a
presentation of the datthat was collected from the participants usidge tprePDI
guestionnaire. This veadone to address tlsecondsecondary research questididhat is the

nature of personal topspecific PCK about extraction of metals with big ideas related to

environmentasustainability, revealed in the teaafsgplanning prior to the PDI?

Chapter 5: The Intervention

This chapter focuses on the Pidlwhichthe participating chemistry teachers were exposed.

It describes the design, structure, content and delivery of teevémtion. The chapter then
continues to present the data from the interviemrsductedduring the intervention. The data

from the first interview provides evidenadt he t eachersé knowl edge

saliency of t he t o mspanses tb the gugdtionst emapiiring mta théd e r 0 <
teachersdé views about sustainability and edu

Chapter 6: PostPDI I nteractions

This chapter focuses on the paservention PCK of the participants during and after they

had undergonethe online professional development intervention (PDI). The same
guestionnaire administered before the intervention was administered to the teachers after the
intervention. The responses to this questionremc theinterview questiongogether with a
lessonplaower e used t o det edP@K Theanalydiseof tiee respdnsges s 6 p
was also used to determine whether the intervention contributed to the development of

teachersodé PCK about environment al sustainabi

Chapter 7: Summary, Conclusbons and Recommendations

This chapter concludes the study by pulling together the findings andssises from the
previous chapter® answer the research questions. There is a discussion of the methodology
and how it algns with the refinedconsensus mad 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. Bhedy's limitationsare acknowledged in this

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

1.11 Chapter Summary

This chapter introducetthe studyanddiscussed itsdckground to help the reader understand
the context of the study. Educatidras a major role to play sensitsing 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 educatisimould include a clear focus on sustainabilitye
teachers have not been prepared to take up this task. Education for sustainable development
requires teachers to have a developed PCK about sustainabilgystlily aimedo explore
experienced chemist teacherspersonal PCK about environmental sustainability before and
after anonline intervention. This was dongy analysng teaches éesponses elaboratiran

how they would plan a lesson time extraction of metals. Theesearcher chose the topic of

the extraction of metalbecausethe stated syllabus learning outcomalow teachers to
infuse evironmental sustainability elements in their lesson planrihg study puts forward
recommendations for curriculum material developers to create teachohgleaming
materials and provide learning opportunities that can assist teachers with new ways of
teaching and the department ofservice teachers to explore different methods of enhancing
PCK development. The next chapter providesevdew of relevantiterature as well as a
description of the theoretical framework and #gevance as a methodologicahd analytic

lens, enabling the researcher to answer the @sgaestions introduced in chapter 1.
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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, wis@ussingeducation, a construct that

has gained ground in science education is pedagogical content kgewthceived 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 thi#edent models of PCK,

which precedes an elabticm on the refinedtonsensus 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 reviewi8® Bhe researcher first discusses

the events that led tthe launch of ESD. This is followed by literature on the key
competencies requireand the key issues and challenges fadeyl educators in the
implementation of ESD. The chapter ends with a rewtthhe 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 difficultiestudents facavhen 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 teachetdach effectively in amanner that pnmotes students'
understandingthe teacher must blend content and pedaghggording to Shulman (1986),

content knowledge is the knowledge about concepts and ideas that are relevant to your
teaching.On the other hand, he referred pedagogical knowledgas the methods and
techniques used during teaching and assessment and the knowledge and characteristics of the
learners. PCK, arfiamalgand of the two, is considered a separate knowledge base and
represents an understanding of how eantis taught.Figure 2.1shows the different

knowledge bases that constitute a professional teacher, accor@ingltoan (1987)
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Figure 2.1
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Of all these knowledge bases, the one that is of special importance to researchers and
educators is that of pedagogical content knowledgeording to Shulman (1987), the reason

for thisis that it is the only knoweldge base that is distinctive for teachifbis body of
knowledgewill 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 pedaigsgynowledge

of how thetwo are nt errel ated and represents fAan und
problems, or issues are organised, represented, and adapted to the diverse interests and

abilities of | ear ner gShulman,d98mpBesented for ins

Several attempthave 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
devdopment of PCK. The following section will look at some of the early models of PCK
and how they led to the model ofa@nést to this study, the Refin€@bnsensus Model (RCM)

of PCK

2.2.1 Models of PCK
After Shul mandés i niti @rbssmaro(h99®@egvelopedlaimsdeltta on o
represent the knowledge bases of PCK. Follgvilnis, many researchedgvelopedadapted
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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 ilingtthat the concept of PCK is
dynamic and that there hasdm a change of focus from a multidisciplinary Ptoka PCK

that is not just subjedpecific but also topispecific.

Grossman's (1990) model proposed thaeaches knowledge is an interaction of four
knowledge bases. In the model, PCK has the cgndsition and the other threggedagogical
knowledge, context knowledge, and subject matter know|emtgripy the periphery of the

model. She suggests that the three knowledge bases are necessary for the development of
PCK. Following this model, differentughors made proposals that added new components or
knowledge basefCochranet al.,1993; MorineDershimer & Kent, 1999)emphasised the
importance of one knowledge base over anofarisen, 199Por proposed that PCK is
subjectspecific(Abell, 2008; Magnussoet al.,2008).

When Magnusson et al. (1999yroposed that PCK wasubjectspecific, they formulated a
PCK model for science teaching. In doing thisey added assessment knowledge to the
original four knowledge domains of Grossman. In 2008, modifications were made to the
model ofMagnussorand his colleagueBy including a sixth component which the authors
called teacher efficacfPark & Oliver, 2008 Later that yeaAbell (2008)proposed a model
specific to a science teacher by integrating GrossmamdsMagnussod snodebk. Even

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

Empirical data from research carried out Bpllnick et al. (2008)confirmed that the
knowledge baseseeded for developindPCK manifest themselves during the teaching
process.Figure 2.2 shows that these manifestations include representations, curricular

saliency, assessment, and tegpecific instructional strategi€¢Rollnick et al., 2008
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Figure 2.2

A Tailored model for PCK
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These manifestations were later seen in the tgpecific PCK model proposed and used by
Mavhunga and Rollnick (2013)hen investigatinghe development of the PCK of pre
service teachers (See Fig@8). According taMavhunga and Rollnick (2013jopicspecific

PCK is revealed when a teacher transfosubject matter knowledgeSKK) into units
understandable for learners. This transformation of content knowledge takes place through

the following five components:

- knowledge of content representatipns

-knowl edge of studentso6 prior knowl edge
- knowledge of curricular saliengy

- knowledgeof difficult concepts, and

- knowledge of conceptual teaching strategies.

The topiespecific PCK model, as seen in Fig@8, has combined the knowledge bases in
the Rollnick et al's (2008)model (lefthand side) with a description of the transformation of

CK to topicspecific PCK on the righhand side.
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Figure 2.3

A Model for TopieSpecific PCK
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Topic-specific PCK is the ability of a teacher to transform content, through these five
components, into something more suitable for learrfiigvhunga, 201¢ The dynamic
nature of teaching rests on this premise, as each topic of content being taughirtesdo
aprocess of transformation. Accordingavhunga (2014)the quality of a teacher's topic
specific PCK is determined by the teacher's knowledge of the fiveawnts and how they

interactwith 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 cant suppor
research. In 2012, a PCK summit waddhwhere researchers gathered dadelopeda new

model for PCK. Figur@.4 shows theeconsensus model of 2012.
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Figure 2.4

Consensus bdel of PCK
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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
(GessNewsome, 2016 The result of this interplay yields @ersonal PCKenacted as the
teacher plans, teaches and reflects on the le§3us model was later revised due to the
minimal detail that the modelald about PCK in the 2017 Refin€bnsensus Model (RCM)

of PCK. TheRCM of PCK became the conceptual framework for this study.

2.2.2 The RefinedConsensus 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
de<ribed(Kind, 2015. Also, the model was not specific about the composition, sources and
types of PCK(Kind & Chan, 201%. It needed to be revised because many researchers felt the

model was udlear(Carlson & Daehler, 2039This need led to another summit which gave
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rise to tle RefinedConsensus Model of 2017. The RCM focuses on the way science teaching
occurs(Humeet al.,2019).Figure2.5shows the RCM of PCK.

Figure 2.5

The 2017 Refined Consensus Model of PCK
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Carlson andDaehler (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 knowlbdges feed into

collective PCK (cPCK)which is shared among a group of teachingfgssionals. This

means thatPCK does not refer to knowledge held by a single teacher but rather knowledge
that i s Apublic and hel d.88. dhislceCGKtcanvamdeyram ( Hu m
being disciplinespecific to topiespecific to concepspecific, 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 andl person
PCK (@PCK). This is important athe learning contexinforms the transfer of knowledge
20



from the cPCK held by all educating professionals to a teacher's pPCK. Each teacher has
their personal PCK that they possess, which is undjuee tothe context in which learning
takes place. The pPCK can be infl uemdned by
service training, interactions with other teachers, curriculum materials, classroom
environments, and student attributes. These inflees 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 undgnlg 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, 2039Figure2.6 shows the RCM of PCK witbnly

the personal and enacted PCK.

Figure 2.6
The personal and enacted PCike knowledge and skills used by a teacher during the planning,

teaching and reflection of a lesson.

Pedagogical
Reasoning

The enacted PCK (ePCKgfers 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 (ePLKut also during the planning of instruction (eREK
which hagpens before teaching, and duritige reflection on instruction and student
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outcomes, which takes place after teaching (elPaKis model is appropriate for the current
study as it places the teacher at the centre of the teaching process. It also shaymarttic

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 gsrafecontinuougiecision

making and justification of instructional moves is knowriii@sdagogical reasoning

The 2017 RefinedConsensus Model of PCK identifies three distinct realms of HCK
collective PCK, personal PCK and enacted PCK. This study doawsPCK 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 onTe a ¢ h Enacted PCK

According to the Consensus Model, engling factorsexistthat can influence anichpactthe
teachersd enacted PCK. These influencers <ca
teacher knows and doéSessNewsome et al., 20)9These factorgeferred to as amplifiers

and filters, are teacheor studenicentred. Although the learning context is not the focus of

the study, the researcher is awarat®fpotentialrole in a teached €PCK. For this reason,
teachersd beliefs and orientations, classro

discussed briefly.

Teacher beliefs and orientations have been seen before as a PCK component in the models of
Grossman (1990and Magnusson et al. (1999According toMagnusson et al. (1999a
teacher's beliefs and orientations refer to the "teachers' knowledge and beliefs about the
purposes and @gds for teaching science at a particular grade level" (pAdjording to the

RCM (Carlson & Daehler, 2039the level and quality dknowledge transfer between the

cPCK and the pPCK, anbetweenthe pPCK and ePCK, depends on how amplifiers and
filters act in the teachers mind. These could be the learning cd@axson & Daehler,

2019, a teaches values, seléfficacy, commitment, emotions, knowledge, beligfscro-

politics (Hong, 2010, enthusiasniSorgeet al.,2019)and selreguldory skills.

The classroom environment i's another factor
examples include the location of the school (rural or urban), the number of students in the
classroom, the infrastructure, interactions among students amddmeteacher and students,
curriculum materials and even the rules that gowtudents' general behaviod¢ennedy

(2010) suggests that forces that the teacher does not have contrédaioes suctas lack of
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resources and school interruptioti@t have a greater effect on student learning than the

guality of a teacher's PCK.

Student attributes such age, gender, cladsvel, subjects they have or have not studied
before, background knowledge and skills, and social and cultural background greatly
influencethe teachers enacted P@Hall & Kidman, 2003. According to these authoithis
knowledge will allow a teacher to identify theesigths and weaknesses of the students, and
aid in the planning and delivery of content. A teaclieereforeneeds to be familiar with

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

process more effective.

2.2.4 MethodsUsedto CaptureaT e a ¢ PEK 6 s

Over the yearsmany studies haviokedinto PCK and its components. Over the last
years, there has been a shift in focus to the tgpécific nature of PCK and the development
of a teachers' PCK concerning a particular tofsektas, 2015; Dharsegt al., 2006;
Drechsler & Van Driel, 2008; Makhechane & Qhobela, 2019; Rollnick & Dawviido
2015)how this PCK can be improvgdlakhechane & Mavhunga, 202Mavhunga, 2014
2019a Mavhunga & Rollnick, 2013 PitiengMosabala & Rollnick, 2018 and how a
teachets PCK can be measuréChanet al, 2019; Mavhunga & Miheso, 2021; Schudiz
al.,2018).

From some of the studies mentioned above, | must highiighimethodsused to capture

teachers' PCKThesestudiesserved as a basis for the data collection methods used during

this gudy. InDharsey et abk (2006)study, interviews and observations were useéxplore

t wo c¢ hemi s enagmeit ef @CKDreahslemrid Van Driel (2008used interviews

to investigate the PCK of nine experienced chemistry teachers abotiaaei¢dhemistry. In a

study on organic chemistridavidowitz and Rollnick (2011gollected data using interviews

and observations. With these data collection methods, the reseamalldrs a pt ur e t each
knowledge about curricular saliency, interactions with students and explanations,
representations and topspecific strategies.Makhechane and Qhobela (201%ked
guestionnaires, intelmws and observations to understand how teachers transform subject

matter on stoichiometry into units understandable to learners.

Mavhunga and Rollnick (2013pnductedan intervention with 16 physical soee teachers
using Content Representations (CoRes) to caj

was developed bioughran et al. (2004p capture a teach@rPCK using prompts. The first
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steptodevel oping a CoRe is to identify o he ke
Teachers then collaborate to develop responses to prompts sithatsdo you intend the

students to learn about this ideand i idificulties/limitations connected with tehing this

idead (Loughran et al., 2004.376). For this study, the researcher adapted some of these
prompts to form the base of some questions in the Profesfdemalopmentintervention

(PDI) questionnaire.

These topiespecific studies in science eduoatareimportantto this research, as this study
investigaed chemistry teachers' topgpecific PCK about the extraction of metals, focusing

on ideas related to environmental sustainability.

2.3 Defining Education for Sustainable Developmen{ESD)

Enhancingthe quality and relevance of a curriculum for sustainable development requires
understandinghe 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 Conceptof Sustainable Developmer{§D)

Due to the nature of Sustainable Development (80)road concept encompassimgny

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

one released by ¢hBrundtland Commission, formally known as the World Commission on
Environment and Development (WCED) 1987. The Brundtland Report definition states

t hat sustainabl e devel opment Ameet s t he n
compromising the ability f f ut ur e generations to meet t he
43). Sustainable development is based on the three fundamentals proposed in the Brundtland
report economic growth, environmental protection and social edW¢ED, 1987. From

its beginning, the concept of SD has beemsed on thee dimensionsof economy,
environment and society(ited Nations Educational, Scientific and Cultural Organization
[UNESCO] 2005) These three dimensions are saswoverlappingandinterconnected and

can be represented as pillars, embedded circles or overlapping ¢kdss, 2005 All
representations emphasise the importance of the three dimeosErmomy, environment,

and society to sustainable development. While thecensensus regarding the contribution

of all three ofthesefactorsto sustainable development, the economic aspect has been seen to
carry more weight when it comes to the decigiwaking processes of a nation. This has

resulted in the increased succesg@ainomic endeavours at the expense of societies and the
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environmen{Borgstein, 201). Environmental sustainability has fast become one of the most
urgent challenges faced by the human race.

environment has been damaged as Heekeconomic stability.

This study gave particular attention to environmental sustainability due to the severity of the
current state of our natural environmediany, including the researcher, are concertined

future generations would be left to face thaltenges 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 andhore speifically, chemistry teacher&nvironmental issueelated

to the chemical industry arise during the extraction, refining, manufacturing, consumption,
and degradatioof raw material{Schultz, 2013 In a study conducted Hyube 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 disregattuie@fore, the researcher

chose to focus on the dimensigmunded on environmental protection.

2.3.2 Integrating Sustainable Developmemto Education

Increased awareness of the importance of sustainable development, and the essential role that
education could play, led to the develagrh 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 ththe world is facingESD 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 geerationgLonghurst et al., 20)4ESD is, therefore, a means of empowering

learners so that thesan contribute to sustainable development.

According toUNESCO (20123)the implementation of ESD involves providing quality basic
education,including sustainability in educational coursem)d increasing awareness and
understanding of sustainable deymiwent, its principles and practice through public
awareness and training. Of these féthrust® of ESD implementation, theelevant and
direct concern to educators is that of including sustainability into cucrencula. Including
sustainability issues into curricula, referred to @®orienting 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 principlgislls, values, issues, and perspectives
related to sustainability's environmental, social and economic domalpropriately
reorienting acurricuum and ensuring the successful implementation of ESD requires
teachers to have pedagogical content kndgdeabout sustainabilitgPerry, 2013 This
means that a teacher should hadecuate knowledge and skills about ESDintegrate

concepts related to sustainability into their teaching effectively

According to the United Nations Economic Commission for Europe [UNHR&)9 the
effective integration of ESD requires it to be croasricular. This means that it should be
integrated into all school subjects. This approach allows leaméngnk more critically and
embrace the holistic nature of ES®Walshe, 201Y. In light of the interdisciplinary approach

to ESD, Walshe (2017)studiedgeography students to find the effect of using poetry to
develop their understanding of sustaihabit y . Data collection made
guestionnaires and interviews. The study found that the studentlkl develop an
appreciation for the three domains of sustainable development. The students were also
encouraged to engage more criigand affectively. Chemistry has many opportunities
improve sustainabilityas many environmental issues stem from the chemical industry. The
chemistry teaching can be tailored to incorporate sustainability issuesdandte future
chemists on sustaibdity. One suggestion made hjuntunen & Aksela (20}4was the
incorporation of sustainability issues and studmnttred pedagogies into chemistry course
books. The key sustainability issugssuch as ciate change, sustainable production,
consumptionjoss of biodiversitypoverty, clean water and sanitatioreed to be addressed

during teaching.

2.3.3 TeacherCompetencies in the Implementatiayf ESD

One of the biggest challenges for the future of ESD ispiteparation of the teachers
(UNESCO, 2014 Science teachers are lacking in the knowledge of both the theory of ESD
and its pedagogig®urmeister et al., 2033The preparation of teachers is mostly perceived

to be the responsibility of higher education instituti@dgls). It does not only focus on the
initial preparation of teachers but also thre continued professional development of the
teachers in the field. According t&JNECE (2009) sustainability issues need to be
incorporated into teacher training andservice training programes so teachers can engage

in ESD.HEIs have become increasingly eager to integsaistainability into their teaching

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

have been some challenges. One of the greatest challdBgedace is that the educators
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lack knowledge abouwtnvironmental issuesyhere and how to obtain relevant information,

and how to link itto their discipline(Thomas,2004). This was highlighted byHopkins
(2015who st ated that the challenges faced by H
awareness ofr support, a logkins, 20¢5p.3)oThe Humama n r e
resources are the teacher educators who understand ESD and can be at therégafdng

reorienting the curriculum and teaching proceskglerstanding ESD not only focuses on

the knowledge, issues, perspectives, and skills centEdBbut also involveanderstanding
sustainability valuesOnce the teacher can identify these aspects in each of the three
components of SD, then effective integration into the curriculum will take PlIHSESCO,

20149).

According to Burmeister and Eilks (2013knowledge of content and suitable teaching
strategies isequired to infusé&D into teachingA teacher's content kmvledge affects their

ability to plan and conduct a lesson in a way that will help the stubleties understanthe
concept being presentéiagnusson et al., 1999This means that for a teacher to prepare

for and present lessons on concepts related to sustainability, a teacher must be knowledgeable
about both theconcepts ofchemistry and sustainability. It is worth noting that although
content knowledge is necesgaand important, it is not a sufficient prequisite for
developingquality PCK (GessNewsome, 2016 According toBertschy et al. (2013)for

ESD implementation to be effective, a teachertnmase an irdepth 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 t€amrapetencies
(Shulman, 198p It has become an important knowledge base for teachers, researchers and

teachereducation institutions.

2.4 Conceptual Framework

The conceptual framework thatiiged this study was the refinednsensus model of PCK
(Carlson & Daehler, 20)9A key aspect of this model is its description of the thiifferent

realms of PCK collective, personal and ertad PCK. This study explorabe transfer of
knowledge from the cPCK to the pPCK, d@naim the pPCK to ePCK. Collective PCK forms

part of a broader knowledge base for teaching from which a teacherteaxysPCK. In this

study, the cPCKa collection of information and resources from science educators and
researchers, informs the intervention that the teachers are exposed to and has a role in
developinga t eacher 6s pPCK. T hi s wlpdgeClkattedckeecssaime s a

access and utilise, becoming their ePCK. Throughout the knowledge exchange between the
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three real ms of PCK, amplifiers and filters

Figure 2.7 illustates how the RCM was used as theasptual framework for this study.

Figure 2.7

Diagram lllustrating how the RCM was Used as the Conceptual Framework
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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 (@bac et

al., 2019. The mairfocus of this study was to determine whether a professional development
intervention wouldaffect ac hemi stry teacheroés pPCK. Thi s
teachersé pPCK before the intervention and
Questionnaire and interviews gave the teachers opportunities to reveal their pPCK.
According toCarlson and Daehler (2019 teacher draws on knowledge from their personal

PCK during the planning, teaching and reflectidnadesson, 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 processThe enacted PCK has threleages planning teaching and reflection. For

this study the researcher | ooked specificall
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The PCK components, namely curriculaliency, conceptual teaching strategies and student
thinking, are important o t hi' s study as they were used t

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

2.5 Components of PCK

According toMavhunga and Rollnick (2013)he quality of a teachisrpersonal and enacted

PCK about a topic is influenced by the level of their knowledge about the components of
topic-specific PCK anchowt hey i nteract with each other.
through their choice of instetional 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, 2009 Thesecomponento f a t eacher 6s ePCK are
design of the grand rubric for measuring a
(Chan etal.,, 2019). The discussion amongst the authors lethéofollowing key PCK
componentsGhan et al., 201$.11):

1. Knowledge and Skills related to Curricular Salienappropriate selection,
connection, and coherence of big ideas; accuracy of content.

2. Knowledge and Skills related to Conceptual TeacKitrgtegiesselecting and
using appropriate instructional strategies; using multiple representations.

3. Knowledge and Skills related to Student Understanding of Sciielecgifying
and acknowledging variations in student learning and eliciting and a&pess
student difficulties and misconceptions.

4. Integration between PCK Componentsonitoring and adjusting teaching
practice based on student feedback and learning of the big ideas as well as the
classroom context

5. Pedagogical Reasoningroviding a réionale for teacher decisiemaking and

actions within the context of their teaching situation.
These components of PCK interact ik@nplex and dynamic way. feacher with avell-
developed PCK should be able to understand that each component cannot exist on its own but
are rather integrated. There irgerplay between and amongst these componeengaled
during a lesson's planning, teaching and refecti

The first three compomet s o f PCK refer to the AKnowl ed
possesses. The researcher chose to focus on these three components as they draw directly

from the personal PCK of a teacher and can
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lesson orthe extraction of metals. Integration between PCK components was not included as
the researcher felt that this component can be best identified when focusing on dynagmic PCK
which pertains to ePCK in the interactiteaching phase. Thisould have been better
revealed during lesson observationkich were not done in this study.

These knowledge components are important to this study as they constitute the lens through
which the researcher investigatetlemistry teachers' personal and enacted .PG@Khis

study, the researcher chose to examine how teachers choosmstreictional strategies and
representations what they understand abostudens Qorior conceptions and learning
difficultiesand the role that theaurriculum knowledgelays during théessonplanning The

topic chosen for this study wdextraction of metatsas 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 seée IEGCSE syllabus
extract inAppendixA.

2.5.1 Knowledge and HlIs Related to Curricular Saliency

Knowl edge of <curricular saliency is a teach
how the sukordinate ideas can be sequenced, the concepts that must be undesftoed

teaching the key idea, and the importance of teaching that concept. Acdortdagnusson

et al. (1999)i t includes a teacherds knowledge of
objectives for teaching it, and knowledge of relevant instructional matanalgesources.
Students will perform betterif the content isrelevant and is supported by relevant
instructional materials such as textbooRNECE, 2009. This component includes
knowledge of what students have learnt befamd what they willlearn after(Grossman,

1990. In the EGCSEphysical science syllabushe topicof the extraction of metals falls

under a broader topic of metals. The topictbe 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 knadedge 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 mizrials that can be used to achieve these dddgnusson et al., 1999In

the case of the chemistry teachers in this study, the document we are referring to is the
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EGCSEphysical science sybus. This document lists the general aims of teaghhggical
science ad the outcomes for eadbpic. The aims of the syllabus of interest to the study are

those related to envinmental sustainability.

This component al so i nanduadérstandirg oftthe enpdntance®dfs k n c
teaching a particular topi{®ark & Oliver, 208). This means that a teacher with a developed

PCK should be able to answer the questitkhy is it important for students to know this?

(Loughran et al., 2004 Although there are seven outcomes under the tfpéxtraction 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 thampact of mining on the environment and conserving resources.

2.5.2 Knowledgeand SkillsRelatedto Conceptual Teaching Strategies

This component refers to a teacherdés abil it
activities and representations,ntake content understandable to learri€tsan et al., 2019

A teaching strategy consists of multiple phases of instruction aimed at supporting conceptual
change or conceptual developméitagnusson et al., 1999 A t eacher 6 s knowl
componenttherefore depends on their awareness of studencpreeptions, misconceptions

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

met hod. Teaching activities include fAprobl en
exper i (Wagnussor et al., 1999.18). A teached knowledge of this component

includes their knowledge and skillegarding using questioning to saess studest 6
understandingagndt he wuse of appropriate assessment m

knowledge of the curriculum.

Chan et al. (2019%onsidered knowledge of appropriate representations an important part of
this component. A teacherds knowledge of r ej
to represent specific concepts to make them understandable to learners. It also mcludes
teacherds knowledge of the strengMdgsussannd we e
et al., 1999 Representations include illustrations, examples, models, metaphors, analogies,

equatons, and tables.

Integrating sustainability issues requirgsfting from the traditional teaching approaich
participatory learnindUNECE, 2009. Participatory learning allows the students to interact
with the content, fellow students and the teacher. ESD, therefore, challengesmniirant

pedagogical discoureghateducators have usdédr many yeargSandri, 202 As opposed
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to traditional lecturing, ESD advocates for pedagogical approaches that challenge students to

participate actively, think critically and refie(Seatter & Ceulemans, 20117

When teaching for sustainabiljtyBorg et al. (2012)used group discussions, interactive
lectures, group work, interdisciplinary work and class debdsrsnen et al. (201 DBroady
believedthat 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 stuigldnt ask questions, analyse situations, voice
opinions, think critically and make informed decisiolNESCO, 2012p Quality
sustainability education requireBteractive, 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 experiengatiaular issue and

allowingthe student to develop their social and interpersonal ¢$&ilksenset al.,2015).

Since some higher education institutions have started implementing ESD, it is worthwhile to
mention some findings regarding iheaching methasl Some university lecturers have been
found to teach sustainability through class discussions, papers, readings, projects, guest
speakers, and case studi@gatkin, 2016§. At the same timepthers are using the same
traditional approaches, such as lectures, tutorials, and discussions, they would use when

teaching conteninrelated to sustainabilityChristieet al.,2013).

2.5.3 Knowledgeand SkillsRelatedto Studens Bnderstanding
This component of PCK includes two categori e
ofthest udent 6s di fficulti e$aveddhbnddrstaadmgas:ai d a t e
1 the conceptions and preconceptions that students of different ages and backgrounds
bring with them to learning

1 what makes the learning of specific topics easy or difficult (Shulman, p998%

This knowledge will allow teacherto choose teaching strategies that are best suited to
reorgani se st ud®hamas,do8h Stubent psidr knowdedge gncludes pre
concepts that constitute sound content knowlemlgemisconceptions that a student brings

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

i nforms the teachero6s sel ecti onndgdestiansitet r uct

access understanding and assessmafith this knowledge of students, the teaclkan
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design instructioto become meaningful to the students and possibly latdgit conceptual

change.

According toMorgil et al. (2009) a misconception is a false or nscientific idea about a
scientific phenomenon. Misconcemts may arise due to wrong or incomplete knowledge
that students get from their own experiences, misinformation from parents, teachers or media,
and misunderstanding of conceplbe researcher noted a gapthe literatureregardingthe
misconceptions and difficulties that students have abotpacts of mining and

ficonservation of resouraesind 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 wakocating 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 finctesdmpics
difficult: very abstract conceptstudens @ability 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 neshaliengingterminology

used to name and explain scientific concepts. According toa ni ¢i | and Maksi
students do not have a clear pictafeheir role and possible contribution to the conservation

and enhancement of the environment. This could lead to stutemtg unpreparedo

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

having a low environmental awaren¢dbdd Rahmaret al.,2018).

It was also found that some student difficulties could be linked to teacher difficulties.
According toHam and Sewing (1988{lifficulties faced when teaching about environmental
issues are caused by conceptual constraints and teacher competencies. These difficulties
include a teaché lack of content knowledge which leads to their inability to adequately
explain environmental terms and issues, as well as being unable to provideesxdraphre
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 accssible to the learnerg&sbd Rahman et al. (28) 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 chaptereviewed literature related the construct of PCK and the concept of education

for sustainable development (ESD). For PCK, | discussed the different models of PCK,
including therefinedconsensus modelhich was also the framework that guided the study. |
continued to review possilinfluences that could amplify or filtdknowledge transfer
between cPCK and pPCK, and between pPCK and ePCK. | ended the section on PCK with a
review of methods used by other researchers to adesshes #CK. RegardingESD, |
reviewedthe literature o the concept of sustainable development and how it was integrated
into education. In addition, | 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 canponents of PCK. In the discussiof PCK components| merged what is known

about ESDwith the body of knowledge that describes PCHK.the following chapter, |
discuss theresearch methodology continue todemonstrate how the chosen conceptual
framewok informed the methodology and the design of the professional development
intervention that was i mplemented to devel

into chemistry instruction.
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3 CHAPTERS3
METHODOLOGY

3.1 Overview

This chapter discusses the research methodology used in this study. The iclitzdber
presentsa brief account of iB study's philosophical assumptioi$e research method and
design are then identified, followed by the research area and popul@hiensample of
participants for this studwaschosen through a screening progéksrefore the researcher
described the criteria and sampling used during this process. Data collection took place in
three phases; before the professional development emigon (PDI) which is referred to as
the prePDI phaseThe period dring the PDI is referred to as the PDI phasd the period
after thePDI as the posPDI phase.The chapter also deliberates on thstruments and
procedures used during these threeasgls of data collectioninformation about data
collection is followed by a discussion of the data analysis procedtustyorthiness issues,
and ethical considerations.

3.2 Philosophical Assumptions

At the start of the studythe researchemadeassumptionsaboutthe nature and origin of
knowledge. These assumptions were captured in the purpose and research gadetiong

the researcher to align the research with a particular paradigm. A research paradigm is a set
of beliefs that guide the thinking pregs and behaviour of the researqdenker & 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,iand esear chers rely fully ol
perceptions of the situation being stud{€uteswell, 2013 These perceptiorae subjective

and can be altered by contextual or social factors. Interpretivists recognise that humans create
their reality through interactions with contexts and other pe@Mehyuni, 2012 This is
relevant to this study as teachers are social beogstantlyinteracting with students, fellow
teachers, parents and community membé&heir conception of the construct of sustainable
development is influenced by their social, environmental and economic c@ptexts et al.,

2018)

3.3 ResearchApproach and Design
Based onthe 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 si(Caeswell, 2018
Literature alone could not adequately addresptbblem and give the researcharcanplete
insight into the situation. A qualitative study enabled the researcher to understand the
phenomenon without imposing any geeisting expectations on the participants and the
research as a who{Patton, 200R

The study employed a case study desfgrording toYin (2012) a case studis a method

where the researcher investigates a contemporary phenomenon within-iife reahtext.

For this studythe researcher investigated the phenomenon of how chemistry teachers use
their personal PCK abothe extraction of metals in planning a lesson with big ideas related

to environmental sustainability. The researcher found a case study to be the mostappropri
design for this study. A case study allows an investigation to take place inliéereahtext,
retaining the natural environment of the investigation and safeguarding the contextual
characteristics of the teacheRCK. Secondly, it lows multiple forms of data collection,
improving the findings' reliability and trustworthireesFor this studythe researcher has

chosen to use questionnaires, interviews, and lesson plans.

Yin (2012)further asserts that a case study loareither holistic or embedded, singkese or
multiple-case study.For this studythe researchefocused onthe PCK of experienced
chemistry teachers aritlereforetreated them as a holistic case. This n¢laatembedding

novice chemistryteachersor teachers with a different teaching subject into the analysis
would not reveal the relevant informatiaboutthe phenomenomnderinvestigaion (DePoy

& Gitlin, 2016) Since eackthemistry teacher was selected from a different schioeltype

of case study used multiple-case stdy. A multiple case study allowebe researcher to find

a mae indepth understandig o f a ¢ h e parssnalPgK éfore,alurihgeanddfser

the PDI, as it explored the same phenomenon across several different cases. According to
DePoy and Gitlin (2016), a multiplease study is preferred when the researcher wants to
repeat a suly to strengthen theoryDuring 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 ResearchArea
The study was conducted in the Hhohho region ofkiimgdom of Eswatini. Eswatini isa
small, landlocked monarchy in Southern Africa thladres boarders wittilozambiqueto its

northeast and South Africa to its north, west and sdute.Hhohho region isre of the four

36



regions of Eswatinilt is located in theorthhwesternpart of Eswatinand runs southwards to

the centre. The administrative cexis the national capital dfbabane

Figure 3.1

A Map of Esvatini highlighting the Hhohho égion
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3.5 Population of the Study

The population of the study refers to a group of individweith 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 EswatirtMinistry of Education and Training, 2013%cience is
compulsory in all high schoglghe sciences offered at@ology and physical science
Physicalscience combinephysics and chemistty The r esear ctheeeforé,s pop!

consists of at least 59 chemistry teachers.
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3.6 Screening ofParticipants and Sample Selection

3.6.1 Sampling

The reseatter chose to use a ngnobability sampling methqodsothe participants were not
chosen by chance procedures. The researcher used purposeful sampling as only telachers w
certain attributes were selected. The researcher employed a screening process thesel
participants of the study. Screening ensures that the participants are suitable for the study

(Yin, 2018. The screening processed is described in detail in the folliomy section

3.6.2 ScreeningProcess

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 crifgsidicipant attributeto

use to reduce the number of possible participants. In this settioresearcher describes the
screening process, the instrument used for screening and those attributes that the researcher
thought would make the participantstabie for this study.

(a) Screening Pocedure

The researcher used a tpbased screening approachccording to Yin (2018) this
approachs used when the number pbssible participants is large. The identification of the
possible participants took four days. The first phase of the screening process consisted of
collectingrecords for all the possible participants. The researcher called the departiment of
serviceteachers at the University of Eswatini to find out if they had the records of science
teachers in the Hhohho region. Once the recom® wonfirmed, a letter was written to the
department head askinmermission to use those records. Once permission was granted, the
records were released into the hands of the researcher. On receiving the, rdwords
researcher picked all the chemistry teachers from the physics and chemistry teachers group
The reseatter contacted all the chemistry teachers, introduced herself and the study, and
confirmedwhetherthey were indeedchemistry teachers. Once there was verbal agreement
between the teacher and the researcher, the screening process continued. Questienmaires w

hand delivered or sent via email to the teachers.
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(b) Screening hstrument

A screening questionnaif@ppendixB) was used to screen the teach@&fss questionnaire
consisted of both closended and opeended questionsThe data collected from ¢h
guestionnaires allowed the researcher to reduce the number of participants. The questionnaire

used for screening the chemistry teachers consisted of three sections.

Section A solicited teachersd demographic
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 stydan experienced teacher is one who has beaching for
more thansix years because they would have taughttitteyear EGCSEphysical science

course at least three times.

Section B used ab-point Likert scaleto assesst eac her s o knowl edge 0
developmen{SD) and education for sustainable developn{&3D) Theresearcher chose to

use a ratingscale instead of opeended questions since the focus was on measuring the
teachersdéd knowledge and rClwded qudstonsrcan\generates a n c
frequerties and allow comparisons to be made (Cohen et al. 2018). This allowed the
researcher to compare the teaclh20i2dUESK@ owl e d ¢
published an ESD sourcebook to help teachers, teacher edueatrmidlevel decision
makersresponsible for educatipmtegrate ESD into the school systemeTiesearcher used

this bookin conjunction with the Sustainable Development Goals (SDGs) when constructing
statements that would capture the ideals and principles that underlie sustairidbd is the

same book given to the participants before the start of the intervention as pantesotlree

pack. Figure 3.8hows a few of the SDGs that were captured in the statements about SD.
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Figure 3.2

Some of the SDGdues used when constructitgtements in th&reeningQuestionnaire
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(modified from the UNDP SDGs Booklet of 2015)

Section B also hadpere nded questions to elicit dodhe te:
sustainability to their teaching and whether they thought it was important for students to learn
about sustainabilityTheir responses to these questions were used in the later stages of
screening Teachers who responded to all these questions wererclover those who did

not. The responses of thex chosenparticipants for this study to this section were analysed

and used to find theviews about SDand ESDbefore they took part in the professional

development interventiofPDI).

Section C asked the teachers to describe how much philsécal science syllabus they had
covered and if they wdd agree that their lessons ertraction of metalsould be observed

during the prePDI phase. The questions in this final section of thestiannaire assisted the
researcher in selecting participantho would be teaching the topextraction of metals

during the data collection timeframe and were also willing to be observed. Howelveo)s

were closed due to the COWID® pandemicanda rational lockdown restricted fage-face
interactionsIn March 2020, His Majesty King Mswati Il of Eswatini declared COVID a

state of national emergency. This press release was followed by the closing of all border gates
and a national lockdowrbringng 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 ghools. As it was already close to exaationtime, teachers were more focused on
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therevision of contenthan onteaching. 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 determieachers' eligibilityfor
participation in the study. The attributes of timportant target participangse:

(i) Teaching subject

(i) Knowledge of the chemistry section of the Physical science syllabusy#iatus
coverage

(iif) Willingness to be observed during their lesscanrsd

(iv) Familiarity with the concept of sustainability

In the following sections,the researcher elaborates on these attributes to clarify their

importance fothe suitability of aparticipant in this study.

(i) Teading Subject

The researcher was looking for teachers teacttiegnistry to Form 4 studenéd the time of

the screening procesa studentn Form 4, in Eswatiniis in their eleventh year of a formal
schooling system.dfm 4 would therefore be the equivalent of year 1Gi@de 11 in other
countries. As mentioned i€hapter 1,physical science, which consists dfiemistry and
physics, is a twgyear course thatuns from Form 4 to Form 5. This wasaportantduring
participant selection as the topic the researcher investigated is normally taught during the first
term in Form 5. Thigprocessensurd the researcher that the teack&l hadto teach the

topic of the extraction of metals the following year (Form 5).

(i) Knowledge of theChemistry ®ction of thePhysical 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 hteysical science syllabushat teacher
needs to be well versed with the details of the syllabus. AccordiGfda et al. (2019¥ive
componentsnake up a teacherPCK knowledge and skills related to curriculsaliency,
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 relamdrioular saliencyre integral
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to a teaches' PCK. Knowledge of the curriculum, which includes the syllabus, allows a
teacher to make the appraoeeceat ef fikeyYChano noapt
et al., 2019, p. 263 The details that anenportantto the researcher are knowledge regarding

the topics and general content coverage, the order in which the topics are presented and the
asessment objectives.ndwledge in this area allowed the teacher to render prompt and
accurate feedbadegardingthe relevance of sustainability to the syllabus and opportunities

for the integration of sustainability issues. Knowledge of the syllabus also allowed the teacher

to makea reasonable estimate regarding when the actual teaching of theotoftie

extraction of metalsvas likely to take place.

It is also important for the researcher to be aware of the topics that have already been taught.
Firstly, thetopics that have been taught are related to the component of PCK that deals with
the teacherds knowledge and skills related t
teacher mu s t be able to access dffculties aads ses s
misconceptions. Secondly, teachermay not follow the order in which the topics are
presented in the syllabus. This means that a teacher might have already covered tlie topic o

the etraction of metalswhich is importanto the study.

(iif) Willing ness to be Observed duringeisons

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 researcherkad teachers whether they would be willitag be observed
during their lessons on thextraction of metalsOnce the teacher agreed and was chosen to
participate in the studya separate consent form wasbe given to the teacheand further
consent would beequired 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 notoccuras planned.

(iv) Approach tothe Concepof Sustainability

A teached knowledge about a specific subjacea can be linked to teaching behaviours as it
affects howa teacher prepares for and conducts the lefglagnusson et al., 1999The
teacher must have some knowledge on how to educate for sustainability to ensure that the

lesson is well executed and studerdsn relate to and understand the concept of
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sustainability. Ateached familiarity with environmental sustainabilityan help the teacher
identify other topicdbesideghe extraction of metals, which are relevant to sustainability.
teache@s knowledge of sustainability and educating for sustainability, however, is not the
only factor that will influence a teaclisrpasonal and enacted PCK. As mentioned eardier
teache@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 ingrate the PCK components and pedagogical reasoningnpoetant

when assessing the quality of a teachers PCK.

Other factors such as professional development, beliefs, attitudes and motivation can also
influence a teaché personal and enacted PCK. Teash®ld a range of beliefs about topics

that are part of the curriculuandthose that are not part of the chemistry curriculum. The
beliefs that teachers bring into the classroom environment may influence hopotivay a
certain topi des and beliefshalkoutsa&oncept tan therefore influence their
teaching behaviourfFives & Buehl, 2011 A teach€s attitude towards sustainability can

influence their ability to implement ESBurmeister & Eilks, 2018

Although the researcher was not specifically looking for teachers that were knowledgeable
about SD and ES[y teachers approach to a possibly feanior 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 teacHimdstep 4 of the screening
process, two teachewere excluded basea their failureto respond to questions Bection

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 procesisthken place, the researcher was left with
nine participants. These participants were chemistry teachers wad dlt the criteria
required by the researcher for participation in the study. Since the chosen sample size for this
study was six participastthe researcher used convenience sampling for the second phase of
the screemmg. Six participants were chosen from high schools which were easier to access.
This method is fast, easy aodsteffective(DePoy & Gitlin, 2018.

The fow 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 Imefore a

after aselection criterion was used
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Figure 3.3

Flow diagram showing participant screening and selection

Records identified through UNESWA
in-service department. Preliminary
/ screening of participants for the
study: men and women, chemistry
Identification teacher
of pool of
possible
participants
Y
( ‘ 28 participants for screening ‘
Step 1 | 3 participants excluded for not
"| teaching Chemistry in Form 5
h 4
‘ Resulted in 25 participants ‘
Phase 1
of
. Step 2
Screening P .| 2 participants excluded for
*| having already taught on the
v topic "extraction of metals’
Criteria Resulted in 23 participants
used to
reduce Step 3 12 participants excluded for not
numbers » being willing for their lessons to
he observed
Y
Resulted in 11 participants
Step 4
P | 2 participants excluded based on
7| their approach to sustainabhility
Y
\ & 9 participants eligible for inclusion
into the data collection stage of the
study
Phase 2 . Step 5 3 participants excluded as
Final - .
of ) < | their schools are not
- selection .
Screening conveniently located
L J
6 participants chosen to
participate in the study
3.6.3 Sample

As explained in the previous sixt, the sample for this study warawn from a population

of chemistry teachers teaching in the Hhohho region of Eswatweisdmple for this study
comprisedsix chemistry teachers from six high schools in the Hhohho region of Eswfatini.

small number of cases has been chosen so that the researcher can have enough time with each
participant, soliciting information that can githe researcher an-depth understanding of
teachersd per sonal,duangahd after a leCll. Below B @ tablebskofviogr e

the background data of the six participating chemistry teachers. As mentioned eatrlier, the
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background data was collect 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 codesor the teachers.

Table 3.1
Chemistry teachersé profiles
Teacher Codes Gender Qualification Teaching Teaching subjects
experience
(years)
Mrs Zikalala TB Female B.Sc+ PGCE 6-15 Mathematics and
Chemistry
Mrs Dlamini  TA Female B.Sc+ PGCE O 16 Chemistry and
Science
Mr Mavuso TE Male B.Ed 6-15 Mathematics and
Chemistry
Mr Cele TD Male B.Sc + PGCE O 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 studyused severatlata collection methods to investigate the effect of a professional
development intervention on chemistry teacB&t€K about environmental sustainability.

The study focused on the teacherds personal
lesson orthe extraction of metals. As mentioned before, during the initial design stage of the

study, it was intended that Emn observations would be done for all six participants as the
researcher was focused on capturing the tea:t
(ePCK). However, the schools were closed due to the COMM pandemic,and the

researcher could not collect data from the participants. This also implied thdo-face

interactions betweelthe researcher and participanénd participating teachers and their
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students were no longer safe. This necessitated the decisiothdoresearcher to
reconceptual i se the study and change the fo
ePCK in the interactivéeeaching phase o capturing a teacheroés eP
of teaching (ePCK.

Data collection for the study waswk in three phases. Each phased its ownnstruments

t o examine the teacherso pPCK before, dur i
intervention, as well as the ePgHfter the intervention. Since the stutbcused on the
intervention's effectthe data was collected with the PDI being the central focus. The three
phases werethe prePDI phase, the PDI phase and the i3t phaseThe PDbs cont ent
was contributed bgxpert and experienced teachanslifrom research and other resources. It

is therdore considered to be collective PCK (cPCK). Collective PCK was described by
Carlson and Daehler (20185 an amalgam ofarious science educators' contributions that

can be shared and discussed amongst theessahd other professionals. The data collection

procedures and instruments for the three phases are discussed below.

3.7.1 DataCollectionin Phasel- The Pre-PDI Phase

This phase comprised all the interactions between the researcher and the participants before
the start of the intervention. This phateereforei ncl uded t he participan
screening questionnaire, giving the screening questionaaual purpose. The firsvasits

use in the selection of participangnd the secondasin revealing the participants/iews

about SD and ESD before they were exposed to the intervention.

A pre-PDI questionnairéAppendix C) was also used to collect data in this phase. The data
collected in this questionnaire was used to help the researcher gamienstanding of the
teacherso initial pPCK. The questionnaire | a
was a difference in the e a ¢ pPEK before and after the intervention. The questionnaire

was sent to the participants viarail. This qeestionnaire wasart of anemail sent out to the
participantsbefore the commencement of the PB&fore the email was sent, the researcher

made telephone calls to all the participants to explain the changes in the study and the data
collection procedureshat 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 Coieedeveloped by.oughran

et al. (2012) Since the researcher was looking at the teadC& about environmental
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sustainability, the big ideas were taken from the learning mésoalready found in the
EGCSE fysical science syllabus, under the togidraction of metals,as these were
outcomes that were related to environmental sustainalilig big ideas weréconservation

of resources and fimpacts of mining. The questions were such that the researchdd co
draw out specific knowledge about some of the PCK components, namely, curricular
saliency, conceptual teaching strategies and student thinking. The reader may refer to

AppendixC for the full questionnaire.
3.7.2 DataCollectionin Phase2- PDI Phase

The main focus of this phase was a professional development intervention sent to the
participants via enail. Telephonic interviews were used throughout the intervention to
collect data pertainingtotieD1 6 s c otnhtee npta ratnidc i p a nencedwhilei e ws

undergoing the intervention.
(i) The Professional Developmenhnhtervention

The PDI wascollective PCK (cPCK) as it was an amalgam of contributions by different
researchersegardingeducation 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 feedbzk 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 thglides used in the final PDI iippendixD.

The PDlused four20-minutelong narrated PowerPoint online presentatisest out to
teachers via emailhis asynchronous form of online learning was usechuse of issu¢kat

the country faces in ternmaf network connections and expensive data bunélash session
hada particular focusand telephone interviews were conducted throughout the intervention

Below is a brief description of what was included in each session.

Session I This session started with an introduction which included the welcoming
remarks, the ppose 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 PCKe Tesearcher made

the deliberate decision not to use the terminology used for the PCK
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components in PCK research. Thapproach ensurethat the teachers
would not be overwhelmed by unfamiliar terminology. Figure 3.4 shows a

slide from the PDI discussirtbe attributes of a good teacher.
Figure 3.4

A slide from Session 1 showing some attributes of a good teacher

Attributes of a good teacher

A good teacher should:

* Know the curriculum

* Know what students have been taught previously
* Know what interests the students have

* Know what ideas the students have about
scientific concepts

* Know how to connect concepts so as to help
students understand

* Know about issues that are relevant to the
students

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 otihe extracton of metals

Session 2 This session was based on the first PCK compokantyledgeand skills related

to curricular saliency. It started with a brief overvieiv the concept of education for
sustainability, what it is about, why it is important, fitsdamental 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 hdw expand on them by asking themselves some basic questions.

Figure 3.5 shows the slide from the PWhich gave the teachers an idea of the questions
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they should ask themselves during the planning of a lesstireertraction of metalswith a
particula focus on the learning outcome relatedhiteconservation 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 somaainental questions that a teacher should ask

themselves during the planning of a lesson

Concept: Conservation of resources \/

What do | want
my learnersto
know about this

Why is it important
for my students to
know this?

What needsto be
taught before |
teach thisidea?

Session 3 This session focuseoh the third and fourth components of PCK and how
they can be applied to the planning of a chemistry lesson. The main
emphasis ofthe third component vgaon ateached &nowledge and skills
pertaining to student |l earning and
ability to identify variations in student learning and elicit student difficulties
and misconceptions. In this sessitime teachers were made aware of the
importance of knowing what a student is thinking and how to use
guestioning throughout a lesson to elicit and assess student thinking and

understanding (Figure 3.6).
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Figure 3.6

A slide fromSession 3 showing questions that could be used to assess students' prior knowledge

Before lesson

Assess Prior knowledge: What do your students already

know?

* What do you know about * What do you think the word
mining? “conservation” means?

* What do you think has to * What questions do you have
happen in the area before about conservation that you
mining can take place? hope we will discuss during

+ What do you think about the lesson?

the impacts of mining?

* Where did you learn this
information?

According to the fourth component, a teacher should be able to adjust their teaching
practice based on student thinking and the feedback they getstiaients 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 fromSession 3howing how a teacher can adjust instruction

How can a teacher adjust instruction based on student learning?

If students are seen to be struggling with
understanding, the teacher could:

Slow down pace
— Give more examples

— Provide visuals via the board

— Give more student work (written tasks)
— Provide written as well as oral directions

— Teach the use of acronyms to help visualize
lists (OILRIG: Oxidation Is Loss, Reduction Is
Gain)

— Re-teach difficult vocabulary and concepts
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Session 4 This was the final session of the PDI and included the second and fifth

Figure 3.8

componerg o f PCK. The second component
knowledge and skillsoncerningeaching strategies and repeatations. The
session gave teachessveralexamples that could be used during a lesson on

the impacts of mining. Figure 3.8 shows some of these teaching strategies.

A slide iowingteachingstrategies that could be used when teaching on the impacts of mining

Classroom activities and practical learning experiences can be
used to help students understand how their schooling applies
in the real-world.

The shoe box mine activity can be used to display both the
mining and reclamation process

Local field trips to the Bulembu asbestos mine, Ngwenya iron
ore mine or Dvokolwako diamond mine

Blueberry muffin activity allows students
to ‘mine’ the blueberries and confirm that
you cannot remove the blueberries without
destroying the muffin

The fourth session also looked at the concept of pedagogical reasoning and
how it occurs throughout all phases of teaching. The session ended with
revelation of how the attributes af good teacheas 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

Pedagogical reasoning takes during all phases of the teaching process

| I
* &

=

*  Questions a teacher may ask themselves:
— Which concept/ idea should | deliver first?
— Which teaching strategies can | use?
— What representations should | use to help with student understanding?
— What questions will | ask to access student thinking?
— What methods will | use to assess student understanding?

— What would | do differently if | were to teach this lesson again?

Throughout the traininghere 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 fimatnembering is the lowest level inBloomd
taxonomy and command words from this level are used when a teacher wants to assess if
students can remember or recall information. The reseattolierasked the teacher to come

up with a question, related to the impacts of mirongonservation of resources using afy

the command words in the list. This activity was also done for the levBéppficatiord and

fianalysing.
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Figure 3.10

A slide showing an example of one of theatshctivities found throughout the PDI

Something to think about?

Remembering

Can the learner
remember and recall
information?

define, duplicate, list, memorise,
recall, repeat, state

As the PDI waghe focus of data collectiora chapter will be dedicated to the intervention,

how it was developed, its content and how it was carried out.
(i) Telephone hterviews

The researcher set up three telephonic interviews with each of the six participants, which
were audio recorded. The telephone interviews were chosen ovéofiace interviewsas

the researcher wanted the participants to feel safe throughout the ltetiorpand did not

want to expose themselves or the participants to the C&¥IDirus. The researcher also
chose telephone intervievas they are cost and tiredfective (Tracy, 2020. Furthermore,

these interviews were chosen over onlifaeeto-face methodssuch as Zoom and Google
meet,as they do not rely on an internet conr@ctwhich 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

semistructured as the researcher wanted to discussSélssion 1 presentation. This

53



discussion included thé¢ eacher 6s Views on the iIimportanc

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 thefirst 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 intergfgpendixF) was comlucted

after the teachers had watched both sessions. The main focus of this interview was to
determine whether teachers found the PDI &s
the informationthey had received would impact their lesson planning rexpees. The

second interview also asked the teachers for their experiences and viewm@digital
technologies as a professional learning and development tool to etnbéacices knowledge

and skills. On completion of the second interview, the fowtidl fifth emaik, which
contained the fourth PDI sessjothe postguestionnaireand a lesson planning template,

weresent to the participants.

The third interviewm(AppendixG) was conducted once all four sessions of the PDI had been
completed. This imview was semstructured ashe questions from the first section were
structured and those from the second section were unstructured. The questions in the first
section aimed taleterminewhat new knowledge teachers had gaigedcerningeSD and

being a god teacher and their general feeling about the whole intervention. The questions in
the second section were formulated after the researcher had looked through the pagticipants
guestionnaires and lesson @aihe purpose of these questions was to hedprélsearcher

clarify some of the questionnaires' respand the lesson plan.

3.7.3 Data Qollection in Phase 3 PostPDI phase

The main purposef data collection in this phase was to help the researcher undettstand
teacher so0 p o st Thipdaehklped thedreseafel@Kdetermine if the PDI had or
had not developed the teachietspic-specific PCK abouthe extraction of metals when

planning lessons with ideas related to environmental sustainability.

(i) Postintervention Questionnaire

The postPDI questionnaireemailed to the teachers after the PDI, was identical to the
guestionnaire given before the intervention. Before the ®PBIteachers were required to fill

in the questionnaire using a different colour font from the font colour used in éséamns.
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After watching all four sessions of the PDI, the participants were askedatosweer the
guestionnaire by adding, deleting or modifying their initial resporidesse responses would
reveal the elements of the cPCK that were transferred todbkeis own pPCKThese new

modifications were done in a different colour from the first responses.

(ii) Lesson Ran

In addition to answering the pesitervention questionnaire, the participants were asked to

use a lesson planning template provided by the researcher to plan a legtwanimpact of

miningd which is a sudopic undert h extrafGtion of metats Ananay si s of the te
lesson plan revealed the teaclh@BCK, about environmental sustainability as they plan their

lessons b the extraction of metals. Particular attention waaid to learning outcomes,
instructional strategies and resources, teacthgsardengactivities, andassessment 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, khedge and skills related to student understanding of
science, which the researcher used,fTe deter

information in these documents was triangulated with the data from thquexttonnaire.

3.8 Piloting

Piloting an insrument 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 woulkdeyadired

results.

3.8.1 TheQuestionnaire

Before the researcher sent the questionnaire to participants, the questiorasgnitoted.
AccordingCohen et al. (2018piloting should focus on gaining feedback on the content and
format of the qgaestionnaire. 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.

Theresearcher contacted four pilot teachers telejghdly 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 chosendd bétpe final six

participants. The teacheparticipating in the pilowvere asked to send the researcher their
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email addresses via WhatsApp, after which the researcher emailed the questionnaire to the
pilot teachers. Once the pilot teachers had regmbial the questionnaire and theeasher
received the responsem email, the researcher made telephone calls to the pilot teachers for
feedback.

The questionnaire pilotingrevealed that the teachers wewefamiliar with the term
firepresentatiam To help the participants, the researcher edited the questionnaire to include
examples of representations. The researkhew that content around representations would
be covered during the PDI. During the telephone interview, one of the pilot teachers
commened that some of his responsedhe questions were the same becdws@ormally
taught on the ideas a@onserving resourceand impact of miningin the same lesson. The
researcher was aware of this but chose to separate some of the questions badad methe

they focused aras this would elicit morspecificinformation from the teachers.

3.8.2 The Professional Developmemhihtervention

The researcher decided to utilize one of the teachers who helped pilot the questionnaire in an
effort to keep the pilostudy as similar to the final study as possiblee teacher was asked

to look at and give feedbaakn the intervention's content and structuae the researcher

wanted the intervention to be accessible to the chemistry teachers

The teacher used to piltte 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 thechetimestry

section of the physical science syllab&he also possessed a BSc degree, majoring in
biology and chemistry, and a pagtaduate degree in education. The tedsle@perience was
important as all the participants in this study were teachers with morestkane ar s 6

experience

Initially, the intervention waas asingle 75-minute presentation with four sections. The pilot
teacher commented by saying there wag #oltake in and even though she remembetteel
term PCK from her teacher education, she had forgotten ab8ineitalso commented on the
lack of information on the concept of sustainable developn@nte the researcher had
received feedback from thelgi teacher, changes were made to the PDI. One omtist
significart changeswas that the presentation was then divided into fou2@5minute

sessionsspread out over time. An experienced educator and expert in the field were then
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asked to review the RerPoint presentations amdterwards suggestedore change€ach

of these sessiongereagain reviewed by the experienced educator. Once the final sessions
were approved, they were piloted, using the same teacher who greatly appreciated the shorter
duraton and the use of visual representations. The duration of the development of the tool

was five months.

3.9 DataAnalysis

Data analysis involves gathering the many bits of data collected and bringing them together

to form more general conclusioriSpauldinget al., 2013). The process of data analysis
requires the researcher to organise and scrutinise data to identify themes, patterns and
relationships and later make interpretatigHsitch, 2002 As there are no cindset data

analysis methods and procedures in qualitative analysis, making sense of data can be
daunting This studyfocuseda i dent i fyi ng chemiPCKastheyare ac her
revealed through the planning of a lesson tba extraction of metalsA PCK rubric
(Appendix H and model answersvith a master CoR€Appendix ) were employed to

facilitate the analysis

The RCM of PCK(Carlson & Daehler, 20)9which was thestudy's conceptual framework,

was used to guide the analysis pro¢esmsd components of PCK provided a lens for the
investigation and organisation of the data. The components of PCK were referred to
continuously ¢ inform the data analysis and make the findings more meaningful. Data
analysis was done as soonttasdatawascollected. This improved the quality of the research

as it allowed the researcher to make decisions for future data collection based agtiriys.fin

3.9.1 The PCKRubric

As mentioned in the section above, the researched a PCK rubric to analysi&ata. The

researcher used an adapted version of the grand PCK rubric te(@blateet al., 200)9The

grand rubricsuggested five components of PGkhowledge andkills related to curricular

saliency knowledge and skillselated to conceptual teaching strategie®wledge and skills

related to studest@nderstanding of sciencétegration beveen PCK components and
pedagogical reasoning. Since this grand rubric served as a template, the researcher decided to
modi fy the rubric to suit this study. This s
about environmental sustainabildyringthe planning of a lesson @he extraction of metals.
Adaptationsvere made regardirtge fourth and fifth PCK components proposed in the grand

rubric. Firstly, the component of PCHRIntegration between PCK componentsas not
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included int h e srubnadAcdprsling toChan et al. (2019}his component is based on a

teaches ability to monitor and adjust instructional moves based on student learning. The
reason for its exclusion was thao CoRe promptsould be linked to this componegrand

this component can be accessedre effectivelywhen a teacher is being observed in the

cl assr oom. The second modification was witdtf
reasoni ngo. auwhors dgeeedghat pedagegical 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 exphin their teaching occur within the othe@mponentstherefore the researcher chose

not to place this component separately.

Sincethe grand rubritias no set number of levels of competence, the researcher chose to use
the fourpoi nt scamedt(d 4BxenplEry i t hat wWarketalsed by
(2011) These levels were used to score teathesponses in the questionna@ed lesson

plan which correspond to the components of PCK.

3.9.2 Model Answers and Master CoRe

The researcheiin collaboration with teacher educatodgsigned amaster 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 sttmgingsearcher did,

however, include the three questions frima model answers under curricular saliency. The

reason is thathe topic ofextraction of metals s t he vehicle for explo
about environmental sustainability. Teachers are expected to have knowledgethabout

extraction of metalbeforegoing on to teach the big ideas.

It is worth noting thatlat hough t he r es e aareektensivétley amondte | an:
considered to be the complete list of possible answers. For this reason, the researcher treated

the teacher so -by-aasefpasis.ses on a case

Since the researcher chose to gsegeraltools in this study, a large volume of data was
collected.The data was presented in three chaptemmake the presentatior the findings

most efficient. Each chaptercluded a more detailed desption of thedata analyses

3.10 Validity of Instruments
The participant@@responses to the prand postPDI questionnaire were analysed and then

rated using the PCK rubric. The responses were rated usog-point scale with scores 1
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for limited, 2 for basig 3 fordevelopingand 4 forexemplary(Park et al., 2011 This method

has been widely used by PCK researcl{dtakhechane & Mavhunga, 202Mavhunga,
2019h Mavhunga & Rollnick, 2018 Since the researcher was scoring teachers under three
components curricular saliency,conceptual teaching strategies and student thiiiking
averagesvere calculatedor each component. This method of using averages was also used

by Mazibe et al. (2020)as it allows for smaller changes in #e®ores to be detected.

Before the scoring commenced, tlesearcher and two science education experts reviewed
and discussed the rubridhose discussions led to changes being made to the rubric. The
scoring process began with the researcher giving séoresne participant. These scores,
together with the rubric and questionnaire, were then sent to the science education experts
who reviewedt he researchersd scores andresponsesc e e d e
themselves. Discussions on the three sdétscores 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 agaih more discussions followed. Throughout the
scoring process forall participants, the rubric was constanthdjusted and scores
reconsidered. Eventually, the final rubric was agreearahused to do the final scoring of

the participantgesponses.

3.11 Issues ofT rustworthiness

A researcher enhances the trustworthinessa aftudy by ensuring that the instruments
measure or test what they are supposeddasure or tesfccording toCreswell (2018)the
strategies used to improve the trustworthiness of qualitative data are member checking,
triangulation of data and external audMerriam (1998)also recommended thakperts in

the field of research should review research instrumelmighis studythe researcher asked
subjectexperts and experienced educattwsreview and comment on the questionrsire
interview schedules, lesson plan template and theUBBdl for this study. The researcher
createdmodel answers to some of the questions in the @ane postguestionnaire, and
designed a master CoRe. To enhance the validity of these analysis tools, the researcher asked
experiencecchemistry teachers, who were not part of the study, and teadueators, to

add, remove or change the responses suggested by the researisheanTtherefore be
consideredollective PCK. Experts in the field were asked repeatedigview the studgnd

its instruments

59



Triangulation came from the use of differenethods of data collectianddifferent analysis
strategies. Irthis 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 impor@siit helpgprotect the research participants' rights

and promote the research's integtigrael & Hay, 2006 The researchapplied for ethical
clearance and waited for the clearance to be granted before seeking permission from the
Ministry of Education and Training in EswatifAppendixJ) to contact teachers and collect

data. According taCreswell (2018)research participants must be informed before they are
approached for data lbection. The participating teachers in this research study were given
consent lettergAppendix K) which containedsummarisednformation about the research,

the purpose of the study and the role of the researcher and the participant. The information

andconsent letters were provided by the researcher before data collection started.

Due to the COVIBR19 pandemic, the methods of data collection were revised. The researcher
amended the ethics application aneapplied for approval of data collection. On epyal,

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 ake@asons or penaéd in any

way. Emails and telephone interviews were chosen overtdefeee interactionsas the
researcher did not want to expdserselfor the participants to the COVHD9 virus. The
researcher wanted both herself and the paatitgpto feel safe throughout the data collection
process. With the revisedta collection methodhe participants and researcher faced no

risks in implementing the study

The researcher also promised the respondents anonymitymehiss that the researcher did

not reveal the name of the scheadlr the chemistry teachem thereport onthe study. This

woul d Aenhance t he val i dity of t he resear (
truthful ness i n r ep?8okodthis gudythg rEseaschee used bétld 1 4
codes and pseudonyms for the participants.

3.13 Chapter Summary

In this chapter the researcher elaborated dhe different agects of the research
methodology. TIs study aimedto explore experiawed chemistry teachers PCK of

environmental sustainabilitypefore and after an online interventjomhen teaching about
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extraction of metalsThe study employed a multipldolistic 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
gualitative study took place in three phases; beforenglandafter theonline intervention.

A screening questionnaire, prand posfprofessional development intervention (PDI)
guestionnaire, interviews and a lesson plan template were used to capture the six participating
chemi stry t eac heThssé inspumEntocusad dn obt&rhg findings that
wererevealed througiplanninga lesson about the syllabus topxtraction of metalswith a
particular focus on the impact that mining has on the environment and conservation of
resources. Thdataanalysis used 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 P& of chemistry teachers. Issues of trustworthiness and ethical considerations, such
as permission, informed consent, voluntary participation and privacy and anonymity, were
also discussedNext, | discuss the data collection process followed to estabksparticipant
teacherso I nitial Views about sustainabl e
development, and PCK about environmental sustainability, prior to exposing them to the

professional development intervention.
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4 CHAPTER 4
PRE-INTERVENTION IN TERACTIONS

4.1 Overview

The focus of this dpter is to preserand analyse the data collected before the professional
development interventio(PDI) took place. Thislata collectiorwas done tainderstandhe
initial pPCK of the six participating teachers. The chagigefly describeghe instruments
used to collect this data atbw the data was analysedhél[summary of thebackground
information of thesix chemistry teachersvho were thekey participantsof this study
follows. As the chapter contingethe focusturns to these participant® responseso the
screening questionnaireThese responseglescribed their views about sustainable
development (SD) and education for sustainable development (&S&e they started the
intervention This surveywas done to address thmesearch questioniVhat are chemistry

t e a c hiews about sustainable developmeantl education for sustainable developrfient
The final section preserg the datacollected fran the preinterventionquestionnaire and
attempts to establish the teadBeinitial pPCK. Each teachdér s  Was treated separately
and eachcase was discussed under the components of P@Kout environmental
sustainability duringhe extraction of metalsThe chapter closes with a comparison of the
t e a c h e rtapio-specifidPCkK aad ends with a summary.

4.2 Data Sources for this Chapter

The instruments used to establish the initial understanding of the t&aBlieKs about
environmental sustainability were egtionnaires. The first questinaire, referred to ahe
screening questionnaif@ppendix B, was administered to a largaumber of chemistry
teachergn=28)andused to select the final sampmkthe six teacherOnly the data from the
final six participants chosen foarticipatein the study were useifr further analysisThe
second questionnaire, referred to as the-Ré questionnaire(Appendix C), was
administered only tohe six participants and focusedanly on developing an understanding
of the teache@pPCK.

4.2.1 The Screening Questionnaire

The screening questionnaire consisted of three sections. The first ssglicited the

t eacher s 6 addebiograghicalnfohmaton. The seqad sectiorused5-point Likert

scale items to assess teacher s béendedadguestions andi |

to find out teachers' views @ustainability and the teaching of chemistry. The third section
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asked for information which was solely used for screepumgoses. Only the data the six
participantscollected from the fst two section®f this questionnaire igliscussed in this

chapter

4.2.2 ThePre-PDI Questionnaire

A PrePDI questionnaire was used to capturedixeparticipatingteaches thitial pPCK The
guestionnaire used t o deaghihganvi®mnmentabsustaieabittyh er s 0
was constructed by adaptitige CoReprompts suggestedyloughran et al. (2012)Vhen

adapting the CoReprompts, thecomponents of PCKas proposed in the grand rubby

Chan et al. (2019)were considered@s these would play a major role in determining the
quality of the teache®d®CK. Figure 41 below summariseshe preintervention tools and the

data collected from each tool.

Figure 4.1
Flow diagram showing the instruments used and the data collected during timgouention data

collectionphase

Background and demographic

_’ L.
data of participants
Teachers understanding about
Screenin SD.and ESD
—» _Screening
uestionnaire s PG 3
9 Sustainability issues that teachers
_’ 5, %
consider relevant to Chemistry
Physical Science topics used to
. . address sustainability issues
Pre-intervention
interactions
— Curricular saliency
Pre-PDI Teachers initial Conceptual teaching
questionnaire pPCK strategies
Students

understanding
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4.3 Data Collected from the Screening Questionnaire

Before the initial data collection stagepersonal and telephonic interviews wemducted

with the In-Service Department at the University of Eswatini. Beecalls aimedo find the

list of the chemistry teachers who had last attended-aarince 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 tact@everalchemistry teachers,
introduce then to thestudy and ak if they were willing to respond t@a questionnaire
(screening questionnairefhosechemistryteachers who were willingecamehe screening
sample of the studylhe researcher made sechemistry teachers aware that answering the
screening questionnaire was the first of stepsin the data collection stages of the research.
Before the researcher could enter schools to meet with the teactrenssgion was sought
from the Director of B u c a t officenAppendix J. On reeiving confirmation from the
Director6 s o f f i c e, settup appomntemenedatesaoin vehednsent form (Appendix

K) and screening questionnaires wérnddelivered toeach ofthe teachers. Before the
teachers couldnswer the questionnaire, they were agkead through the consent form
which the researcher promised anonymity of both the school and potential padicipant
Consent forms andscreening questionnaires werentséo some teacheryia email or
WhatsApp

The analysis of the screening questionnaioek place on three leveldirstly, the
characteristics of the participants (gender, teaching experience, professionalajioalifiad
teaching subjects); secondan interpretation of the views of teachal®utSD and ESby
consideration of frequendgvels shown by participants when agreeiogtatements on SD
and ESD; and lasthpatterns of similarity when listing sustainability issues that are relevant
to their teachingof Chemistryand the topic$ound in the EGCSE Physical Sciensyllabus

in which thosesustainability issuesould be integratedThe analysis resudt allowed the
researcher to &t six chemistry teachers that satisfied specific requirements. daeders
from six high schools in the Hhohho region of Eswatini becimefocus sample of the

study.

The background dat@ able 4.) for thefocus sampleonstitutes the responses tkachers
provided in Section A of the screening questionnaire. The profiles ofpéicipating
teachers are based on their gender, qualificgtibeaching experience and subjects.
pseudonym has been provided, in Table 4.1, for each teacher to gueteictentity. Unique
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codes, e.g. TA for Mrs Dlaminare usedto help the reader identifso whom a response

belongswhen the data ipresented.

Table 4.1

Profiles ofthe six participatingchemistryteachers

Teacher Codes Gender Qualification  Teaching Teaching subjects
experience
(years)
Mrs Zikalala TB Female B.Sc + PGCE 6-15 Mathematics and
Chemistry
Mrs Dlamini  TA Female  B.Sc + PGCE O 16 Chemistry and
Science
Mr Mavuso TE Male B.Ed 6-15 Mathematics and
Chemistry
Mr Cele TD Male B.Sc + PGCE O 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 partigpants (three males and three femakdspossessed teaching qualification. Five

of the six participants possessa Bachelor of Science (B.Sc) degredgth one of their
majors being lsemistry and a Post Graduate Certificate in Education (PGCE)siktte
participant possesd a Bachelor of Education (B.Ed) degreeth one of his majors being in
chemistry. This studyimed to explore the PCK of experienced teachers; hence, all the
participants had more than six years of teaching experience, withavieg taught for over

16 years. According t€han and Yung (2018}he development i t e aRCK greatlys
dependso n t he expesiandeeir @aching. All participants, having majored in

Chemistry, are teaching Chemistry at high school level.

4.3.1 ChemistryTeah er s 6 Vi SDargd EEDPriouta PDI

The views of the chemistry teachembout SDand ESD, were found using thecreening
guestionnairdAppendixB) and an interviewWAppendixE). The screening questionnaire was
used to determine their views before the intervention and the interview was used to determine

their views after the interventionin this section only the data from thescreening
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guestionnaire ipresented as it was colledt before the intervention took place. Tdeta

from the interview ispresented in the next chapter as the interview took place during the

intervention.Although the screening questionnaire was used to collect data drgeneral

sampleof Chemistry teachs, only the data belonging toetlsix participating teachers is

presented in this study

The main purpose of Section B of the screening questionnaire was to find out about the

teacher sé back gr Suandd ESkbeforev the prafessioral developmie

intervention.The teache®perceptionsabout SDand ESD were found usingtwo sets of5-

point Likert scale questionsTeacherswvere asked whether they agdeer disagred with

twelve statements regardin§D and eight statements pertaining t8E As this is a cas

study, only frequency wassed to analyse the responsas the focus of &hquestion wa

only to ascertain whethehe teachers agreewith the statementer not The questionnaire

al

chemistry

so had

sustainability and related issues.

4.3.1.1 Understanding of SDand ESD

In this study, as mentioned earlier, content kieolge refers to thehemistry teacheés

guestions

teaching

r egar @vanceg of sustanabtlitg @ ¢hhire r s

and

teacher so

understanding 08D andhow it can be integrated into educatidreachers were givea list

of 12 statements about Sihdaskedto indicate their level of agreement witie statement.

Table 4.2showsthe SD statements and the numberimdications by teachers.

Table 4.2

Participantsé

responses

o t

he statements

stance

on

According to my understanding, Strongly  Agree Not sure  Disagree S.trongly

sustainable development advocates for:  ad'¢€ 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 4 2 - - -
regeneration of renewable resources

6 Transparency and accountability in 3 2 1 - -
government decision making

7 A higher quality of life for all people 3 2 1 - -
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According to my understanding, Strongly  Agree Notsure  Disagree  Strongly

sustainable development advocates for:  @dre€ disagree

8 Resilience to climate change and its 2 2 2 - -
impacts

9 Full participation of women 0 4 2 - -

10 Responsible consumption and 2 3 1 - -
production patterns

11 Preservation and restoration of the 5 1 - - -
environment

12  Protecting and promoting human 4 2 - - -
health

TOTAL ( Possible total of 72) 38 26 8 0 0

All the participatingchemistry teachersunanimously agreed that SBdvocates for the
maintenance of biodiversityonservation of natural resourceéscycling of waste products,
the lalance between use and regatien of renewable resourcesyepervation and
resoration of theenvironment and mptecting and promoting human healffor the other
statements, althougmostagreel with the statementxne or two ofthe teachers were not

certain

Some participants were uncertain about SD advocating for poverty alleyissiospareay

and accountabilityn governmentecisionmaking, ahigher aqiality of life for all people,
resilience to climte change and its impacts, the full participation of women esubnsible
conuumption and production patterng/hen analysing the statemenksit brought doubt to
the teachers, it is evident thfate of these six statements are based on foeial aspect of
SD. This evidence could showhat the teachers are not familiar with the social aspect of
sustainable development. Overall there wagsigher level of agreement amongst the
participantghanuncertainty and disagreemeiihis evidenceshows that Chemistry teachers
aregenerallyknowledgeable about tlespectdor which SD advocates

The teachers who formed the focus sample were also gte@ements tassesstheir
understanding of ESDAccording toBurmeister et al. (2012)ESD focuses ompreparing

young people to become responsible citizens to ersmustinability for both present and

future generationsThet eac her s 6 o pi round nsing statemdatdautwinah r e
participants were asked whettteey agreear not. Again these statements were taken from

the UNESCO Sourcebook on ESD (201ecifically from thei Char act er i sti cs

section Table 4.3hows the responses of the teachers to the statements on ESD.
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Table 4.3

Participants6 r es peuocatiensfor sustainable@eveloprachte ment s o n

According to my understanding, Strongly  Agree Not sure  Disagree  Strongly

education for sustainable agree disagree

development:

1 Includes all three spheres of 2 4 - - -
sustainabilityi economy, environment
and society

2 Incorporates principles, perspectives 2 3 1 - -
and values related to sustainability

3 Engages formal, non-formal and - 4 1 1 -
informal education

4 Integrates critical issues into the 2 3 - 1 -
curriculum

5 Islocally relevant and culturally 2 1 1 2 -
appropriate

6 Is interdisciplinary 2 2 2 - -

7 Is student-centred 1 2 3 - -

8 Uses pedagogies that promote 3 1 2 - -

participatory learning and higher
order thinking skills

TOTAL (Possible total of 48) 14 20 10 4 0

It can be seen from Table 4.3 thdlttaachers agreed th&SD includes allthree spheres of
sustainability, i.e.economy, environment and socieffhis was the only statemenhat
brought unanimous agreement amongst the chemistry teatherstatements that had only
one teacher either being unsure or disagreeing wereB8&t incorporates principles,
perspectives andralues related to sustainabilitgnd integratecritical isswes into the
curriculum Only four teachersbelieved ESD engages formal, neformal and informal
education,is interdisciplinary,and uses pedagogies that promote participatory learning and
higher order thinking skillsGenerally, the teachedsd not understanthat ESD isstudent

centred]ocally relevant and culturally appropriate

The responses from the taldbow thatthere were aigher number of incidents where
teachers were eithamnsure or disagreed with the statensepertaining to 5D. When
comparingthe numberof teachersagreeing on the statemerdabout SD and ESDthe

teacher8responses show thdidy generally have a better understandinghaf aspects that
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sustainable developmemtdvocates forcompared tothe characteristicsfoeducation for
sustainable developmenithis comparison was made because the resedreheved that the
participants, being teachers and part of the education sector, might have been more aware of
ESD thanSD.

4.3.1.2 Relevanceof Sustainability to Chemistry Teaching
The researcher used data from sbeeeningjuestionnairéAppendix A to ascertain whether
teachers considered sustainabitglevant taheir subject and their teaching. The questions

asked were as follows:

1 Do you think sustainability issuesearelevant to the subject you teach?

Which sustainability issues do you consider to be relevaftemistry teaching?

1 Which of the sustainability issues mentioned above have you included in your
teaching in the past?

1 Which of these Physic&ciencetopics have you used to address sustainability
issues?

=

The researcher summari sed the teachersod resfy
section Althoughthe questions in the questionnaire wepenended the responses mostly

required the paicipants to give a list, and some of the mentioned pe@ippeared more than

once. Thesummarsed responses inable 4.4 give a picture of theparticipants' views

regarding theelevance of sustainability hemistry teachingthe sustainability issudgbey

have inciided in their teaching and tlohenistry topics from theeGCSEphysical sience
syllabuspreviouslyused to address sustainability issues. ease of identifying theorrect

respoments the researcher placed codes in brackets. For examedlaminiwas Teacher

A; thereforeher codewvas TA (SeeTable 4.).

From the responses,can be seen that all teachers believe that sustainability is relevant to
chemistry. The sustainability issues that the teachers considered most relesrarhittry

were conservation of natural resoes, global warming, pollutiorthe use of renewable
resourcesand preservation and resation of the environment. All of the sustainability issues
mentioned by the teachers had been taught by at least dme teichers during one of their

chemistry lessons.
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Table 4.4

Participantsé responses to the questions on

Question Teachersdé responses

Do you think sustainability issues are All the teachers agreed on the relevance of sustainability
relevant to the subject you teach? to chemistry

Which sustainability issues do you - preservation and restoration of the environment [TF][TC]
consider to be relevant to Chemistry - the use and regeneration of renewable resources
teaching? [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 - Ozone layer [TA]

mentioned above have you included in - 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]

your teaching in the past?

- No response [TF]

Which of these Physical Science topics - Chemical reactions [ TC, TA, TE]
have you used to address sustainability - Acids, bases and salts [ TB, TE ]
issues? - Metals [TC, TB, TD, TE ]

- Non-metals [ TA, TE ]

- Organic chemistry [TD,TE]

- No response [TF]

The physical sience EGCSE topics that theachers chosas most suitable for integrag
sustainability issues wememical reactionsacids, bases anshlts, metals, nemetals and
organic chemistryThe choices made by the teachers show thgtahreknowledgeable about
the content of the syllabuas these topics, especially the latter three, have greater
opportunities for integration of sustainability issuBlse issues mentioned by the teachers are

mostlytaught undeone ofthree topicsmetals, normetals 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 rétevhat
studentsbut not seeras important in the eye of the participafstcording toLachica et al.
(2008) importance imot determined by the studebtseeds as they perceive them but rather
by a larger group of people who are more knowledgeable about wisgstiudens may
need.The aquestion of whether the teachdt®ught it was important for students to learn
about sustainalify and its related issswasalso asked in the questionnaifdl. the teachers
agreed that it is important for students to be taught about susti#ynassues.Of the six
teachers, on€TA) did notexplan why shethought it was importanThese araghe reasons
given by thefive otherteachers;

AStudents are the future policglllaker s and
ATo help make use of our nat (TFal resour ces

AWe are currently faced with the problem
change in weather patterns and natural disasters. If students and everyone is aware, it

would make a(TB) g differencebo

ASo t hat t hey can be part of t he pract
devel opmen(TC)strategi eso

AT h e ythepcurentgeneat i on t o take forward the mes
(TD)

All of these reasons given by the teachers emphasigsautiterstanding of thinportant role
that students must play in caring for the environment, passing the mexssagstainability
forward and conserving resources so that future genesaionalso benefit from them.

4.4 Data Collected Fromthe PrePDI Questionnaire

Before the professional development intervention stkgoarticipatingeachers were astl to

respond to thgre-PDI questionnaire(Appendix Q. The questions focused on obtaining
information from he teachers abowthatthey would consider wheteachng lessonson the

extraction of metalswith a particular focus onits impact on the environment and
conservation of resourceBhisqu e st i onnai reds r es pestabkskethe hel pe

teacheds initial pPCKabout environmental sustainability
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4.4.1 Layoutof Data fromthe Questionnaire

The CoReprompts(Loughran et al., 20Q4vere modfied to come up withthe questionsised

in a questionnaire formathese questions each fall under a category that is a component of

PCK (Chan et al., 200)9Table 4.5showsthe alignment othe questiong the questionnaire

the questions from the CoRed the components of PCRhis 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 pRDI questionnaire to PCK components and CgRestions

Component of CoRe Question(s)
PCK in Grand (Loughran et al.,
rubric 2004)
(Chan et al.,
2019)
Curricular What do you intend *What are you going to teac
saliency the students to learn of metal sé?
about this idea? * What concept(s) need to be taught to learners before
teaching them about O6Extra
Why it is important for ~ * In the EGCSE curriculum, environmental issues are
students to know this. 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 Difficulties/ limitations ~ * What do you consider difficult about teaching
understanding connected with conserving resources? Why?
of science teaching this idea. * What do you consider difficult about teaching the

Knowledge about
student sod t
which influences your
teaching of this idea.

Specific ways of
ascertainin
understanding or
confusion around this
idea (include likely
range of responses)

environmental impact of mining? Why?

* What are typical student misconceptions you encounter
when teaching about conserving resources and the
impact that mining has on the environment?

* 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 CoRe Question(s)
PCK in Grand (Loughran et al.,

rubric 2004)

(Chan et al.,

2019)

Conceptual Teaching procedures * What teaching strategies would you use to teach
teaching (and particular reasons conserving resources? Why?

strategies for using these to * What teaching strategies would you use to teach the

engage with this idea).  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 Analysisof Datafrom the PrePDI Questionnaire- The PCK Rubric

The data fom the questionnaire wanalysed using PCK rubric(AppendixH). The rubrc

was basean the grand rubric proposed I§han et al. (2019)This grand rubric proposes

five knowledge components of PCKnowledge andIglls related to Cuiicular Saliency
knowledge andldglls related to Conceptual Teaching Strategie®wledge andliglls related

to Student Understanding ofcisnce and integration between PCKomponentsand
pedagogical easoning As the researcher only focused on the teacsi@l®CK andePCK

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 througdgichinga corcept, which the participdas in this

study have not dondlso, the complex nature of this component would require a rubric of its
own (Chan et al., 2019 Although the researchemwho proposed the grand rubhelieved

that pedagogicateasoning takes place during the manifestations of all other components
they positionedthe PCK component opedagogical reasonings a standalone component
During the construction of th®CK rubric used in this studythe researcher opted to
incorporate pedagogical reasoning into its respective compoiiémsmeant 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 temi@étn et al., 200)%nd used ito score
teacher8responseso the questionnaiteEachquestionwasaligned to the PCK component
prompts and then rated usindoair-point scalewith scoresof 1 for limited, 2 for basic, 3 for
developing and 4 foexemplary(Park et al., 201)1 Before the scong commenced, the rubric
was discussed by three peqmed this discussion led to changes being made to the rubric.
The scoring process began with the researcher giving scor@sdarticipant. These scores,
together with the rubric and questionnaingre then sent to two peoplého went through
theresearchds scoresandscored the participants' respeasDiscussions on the three sets of
scores led the researcher to work how the rubric could be streamlined to ensure that the
categories were distct. Once further changes were made, the scoring process started again
and more discussiorisllowed. Throughout the scoring process for all participants, the rubric
was constantly changednd scoreswere reconsidered. A detailed description of the
validation of the rubric and the scoring was given and can be fousection3.9in Chapter

3.

Once the componen¢sponses were scored, the avefageach PCK component was found.

The researcher chose to use score averagewéhato one decimal place so that duriting
comparison of the prand postP CK s cor es, even the slightest
could be observed. AlthoughostPCK studies have used whole numbers to represent pre

and post PCK (Makhechane & Mavhunga, 202Mavhunga, 2019athere have been some

that have used decima{Mazibe et al., 2020 Since the focus of this study was on the
possible develp ment of a teacherds pPCK after a PDI
major, is of importance to the researcher. The use of whole numdndsconceal the fact

that there was some developmemtdthereforeaverages that were to one decimal placeewe
used.Figure 4.2 belos hows a section of the rubric whic
of student thinking in relatioto the sustainability topics. The fulllbtic can be viewed in

Appendix H
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Figure 4.2

Section of the PCK rubric showing teacheros
PCK Component Limited (1) Basic (2) Developing (3) Exemplary (4)
component prompts
Knowledge 51 - What do you | -No difficulties - Identifies general - An appropriate - Appropriate
and Skills consider difficult | identified learner/teaching difficulty related to difficulties for hoth key
related to about teaching - Identifies broad difficulties with no one of the key ideas ideas are identified
Student conserving topics/statements | relation to key ideas is identified and and clearly formulated.
thinking (S) resources and the -No reason given - refers to contextual | clearly formulated. - Reasons given show

environmental
impact of mining?

constraints
- Provides generic

- Reasons for
difficulty show an

an awareness of
student thinking/

typical student
misconceptions
you encounter
when teaching
about conserving
resources and the

knowledge about
misconceptions

- The response is
poorly formulated

learner errors
/misunderstandings
rather than
misconceptions

- Misconception
identified is not

misconceptions

- An indication of
knowledge about
misconceptions is
evident

- Response not well

o]
why’ reasons awareness of student | learning and aspects of
thinking and aspects curricular saliency
of curricular saliency
52 - What are - No indication of | - Identifies common - Identifies two - Identifies two or

more misconceptions
- Response is well
articulated

- An indication of
knowledge about
misconceptions is

You use to access
student thinking

-Question(s) given
are vague or

-Questions not all
clearly formulated

appropriate for
eliciting student

strategies

'm_pt_xt ;har th clearly formulated formulated evident
mining has on e
environment?
_ -No questions are | -Alistof2 or 3 -Alistof2 or3 - An extensive list of
53 — What q
questions would given questions given questions questions is given

- Evidence of questions
appropriate for

and irrelevant - Questions not thinking eliciting student
understanding -Questions are linked to student - Questions are thinking

about conserving | o clearly thinking and clearly formulated - Questions linked to
fesource; and the formulated conceptual teaching - Questions linked to | knowledge of student
:::.i;fgt ;airon the strategies student thinking/ thinking and choice of
environment? conceptual teaching conceptual teaching

strategies

To further assist the researcher with the scoring process, thecreseasednodel answers

and a master CoR@ppendix I)that hadbeen created by the researcher wittobection of
chemistry educatossand validated by one of the supervisors wikca chemistry education
expert. These answers are an extensive yet not exhaustive representation of the collective

PCK (cPCK) abut environmental sustainability the extraction of metals.

4.4.3 Teacher®
As the degn of this study was a holistimultiple case study, the questionnaire data from

P, BsiRevealed in the PDI Questionnaire

each participant was treated as an individieede 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
guestionnae hal been presented, the analysisthe observationsnadeon the teachés

initial PCK using the rubrigzveresummarisedhn a table.
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4.4.3.1 PCK Revealedin Mr s
4.4.3.1.1 Curricular Saliency

Z i kPaelqaektianhare

The four conceptsthat Mrs Zikalala listed as being moshportant in her teaching were

foccurrenceo f metals on the Earthos crust ; met hod

series in relation to method of extraction; and, resource management and impacts of the
e x t r a.dheicancepts giveby Mrs Zikalala wee appropriateand both of the big ideas

were mentioned. There was also sufficient evidence of sequencing of her concepts, showing
t hat Mr s kn@wlekge in dhls aréasis sufficierdnd as sucghshewas scored four.

Figure 4.3shows arextract of the rubric and the indicators for the level.

Figure 4.3
Rubric extract showing Mrs Zikal alads score for
PCK Component Limited (1) Basic(2) Developing (3) Exemplary (4)
component prompts
Knowledge CS1-Name the -Learning - Appropriate ideas - Appropriate ideas -Appropriateideas
and Skills four most outcomes are areidentified but areidentified but an ||identified
related to important simply repeated/ | morethan one importantidea is - Identifies ideas that
Curricular concepts you rephrased. important idea is missing focuson
saliency () | Wouldaddress - no evidence of | missing -reference to the understanding of both
when teaching . L P
“extraction of sequencing -referenceto oneof | two big ideas the big ideas.
metals” the big ideas -sequencing is -sequencing is evident
-evidence of evident
sequencing is present
When asked which conceptiseadto be taught to learners befdeaching the extraction of
metals Mrs Zikalalamentionedit he r eact i vi tandfiscehreinesc adf rrmeatcd

[ r edox r.eAthoughh then sohcepts mentioned were appropriate, the list is not
extensive. Since the topiredox reaction® appearsbefore fithe reactivity serigsin the
EGCSE Physical science syllabus, we can concludettbat is no evidencef sequencing.

For this reason, her knowledge of studemconceptsvas seen as bas@nd she was scored

a two.

In response to whether ensmmental issues should be included in the EGCSE curriculum,
Mrs Zikalalahad 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 corgshiat 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 sodjstys Zikalalg

This response showethat Mrs Zikalala wa aware ofthe environmenthissues that stem
from mining and the need for students to be made aware of igseugh the reason she
gave was well articulatedehknowledge in this area was seen to be developitigeasason
she gave wam line with only one of the aims of thEGCSE Physical science syllabés a
result she was scored three.Figure 4.4shows the aims of the syllabuwluding the one
that Mrs Zikalala mentioned.

Figure 4.4

Model answer showing the aims of the EGCSE syllabus including the one Mrs Zikalala highlighted

In the EGCSE 1. To develop skills and abilities that are useful in addressing environmental
curriculum, issues

environmental issues
are included. Do you
agree with this 3. To promote awareness that the applications of science may be both
inclusion and why? beneficial and detrimental to the individual, the community and the
environment

2. To stimulate learner interest in, and care for, the environment

When giving reasons why she thought it was important for students to know about Big ideas

A and B, shesaidit hi s <can bcerhceand tachnelggy amtb nding solutions...
which can hebndf ftihredisnogci ®dlywti ons with regar
finding ways of minimising .Theeasensgvenbdgra ment al
Zikalala were appropriate anghow that she has an-depth understanding of the link

between environmental and social issues. Mrs Zikalala empdalsesimportance of finding

solutions to environmental and societal problems and as such, she wasadooired
4.4.3.1.2 Conceptual Teaching Strategies

Mrs Zikalala gavea detailed account of the teaching strategies that she would employ when
teachngthe big ideas. The teaching methods sénegveraliscussion, presentation, inquiry,

guestion and answer, and case studies. For Big idshe&uggestsstartingwith a discussion

on resources. In this discussjdhe students woultle expected tcome up with the effects

of resource depletion aidr e c o mmendati ons of resour$he cons:¢
continuesstatng that the outcomes dtle discussions will be shared with the rest of the class

through presentations. An inquibased appich was chosen for Big idea B, asdents
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wouldir efl ect on the different mi ni ng nét hods
during the processfo mi nShenats@describes tratidents would use case stdie find

the impacts of mining on the environmeihe teaching strategies she chose were student
centred andher thorough description dbw the strategies would be used gave a clear picture

of learner involvement. In her reasoning, she didengphasig the need for solutions to the

problems that the students were finding,asisuchshe was given a score of 3.

Mrs Zikalala gave an extsive list of questions she considered important to ask during her
teaching. The questions she mentioned whhat resources are largely used and wy?
AWhat resources are in danger of running,@urtd how could that impact us?, How can

we minimise ta impacts mining has had on the environment®Vhat aternatives can we

us e an dandiiwhatx@commendations do you have on resources usage in relation to
theimpat s t hey have o0Althe duestioasfocisedomtmedig iteasd
sequencings evidentFigure 4.5 show evidence of questions that encourage higheer

thinking and problenrsolving skills therefore her questioning skills were scoradour.
Figure 45

Questions requiring problersolving that Mrs Zikalala considers important to ask her learners

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?

g} e L P

What recommendations do you have on resources usage in relation to the impacts they

have on the environment,

Mrs Zikalala identifies images as her choice of representation fotd®ig A. The images

woul d s h o wsagetofresourcesmenrd fAal t er nat i RoeBigédeaeBr gy s o
she listedwo examples, a case study and a video. Her reason for using images for both ideas
wastohelplearneisvi sual i se t hese ¢ on Skeepensonedthdtshe. ai d
hoped that the case studies would allow learners to wddpendentlyand the video would

promote critical thinking amongst the learners. This was adequateselection of
representationgnd her description of how they would be used showed sufficient evidence of
reasoning and how they would be used to devetoreptsThe termfiadequateis used in

this descriptor to mean three or four, dwectensiveé has been used throughout the rubric to

mean four or moreShe was scored a 3 as her response to this question showed that she had a
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developing knowledge of repsentations and how they can be used to supporeptuat

understanding. Figure 4ghows the rubric indicators for this score.

Figure 4.6
Rubric extract showi ng Mrepreséntatioasluder&dnseptsac or e
Teaching Strategies
CTS3 - What - One ortwo -One or two - An adequate - An extensive
representations representations representations selection of selection of
WO“{"d youuse mentioned mentioned representations representations
durmgyour - No reasoning -Reasoningis - Sufficient evidence - Reasoningincludes
tEECh'"g, identified insufficient/ of reasoning development of
conserving . . . i
- No explanation redundant - Evidence of use of specific concepts with
resourcesand the X - ) ) )
environmental of how they will -inadequate representationsto logical sequencing of
impact of mining? | beused to description of how support conceptual events
Why? How? support they will be used to development - Explanatory notes to
conceptual support conceptual make linksto concepts
understanding development beingdeveloped

WhenMrs 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

det ai | about t he i of alstamdr nat i v

by
students. Figure 4/elow shows that her incomplete response to this question led to a score
of 1.

i nto mages

people affected miningo, there assassthemo evVvi

Figure 4.7
Mrs Zikal al abés knowledge of assessment met hods,
CTS4 - What -No assessment - Lists one or two - Lists appropriate - Lists assessment
wayswouldyou strategies general assessment assessment strategies with
AS5ess student provided strategies strategies indications of how they
thinkingand -No evidence of | | -Noindications of -There are are linked to concepts

understanding
about conserving
resources and the
impact that
mining hason the
environment?

indications of how
they are linked to
concepts

how they are linked
to concepts

appropriate
assessment
strategies

-Strategies encourage
problem solving skills
and critical reasoning

4.4.3.1.3 Student Understanding

When asked abouhe difficulties she faces when teaching, she says that the stuumres

Ami ni mal knowl edge of r.eShe explaine shathis daekdof i n t h
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knowledge makes it diffidt for her to teach Bigdea A,asit is unfamiliar to the students.

When giving reasons why students could be unfamiliar with the content, she refers to
student6 | ack of e x pMrs Zikalala stid shéacedsno difficaltes pertaining

to Big Idea B especially if the concept was well explained ahnd ear ner s t hor o
under sBventthdugh she referred to an appropriate difficié®el when responding to

this question her reason for the difficultywas general andheshowed little awareness of

knowledge of student thinking. She was thus scartuo.

When identifying typical misconceptis that students have abdig IdeasA and B, Mrs

Zikalala was able to identify three misconceptions. The firse avas that students believe

thati mi ni ng al ways | eaves t. Mhheseeondvmiscomaeptiamwas i n &
since students know that mininghddd et r i ment al effects on the
cannot b e rTdadthid miscorticeptioe lbased on Baga A, was that students
believethati al t er nati ve resources are expensive a
From this responseit is evident that Mrs Zikalafs exemplary knowledge of student

misconceptionsand she was scoredfour.

Mrs Zikalala lists thequestions she would use to access student thinking@s ogr es si Vv ¢
inquiry-b a s ed g uShe comtiouassta give an extensive list of epglas of qustions

she would use (Figure8).

Figure 4.8

The questions Mrs Zikalala would use to assess S

Progressive inguiry based questions for example, What resources are widely used today and
why? Are these resources in danger of running out? What could happen if they could run out?
What can we use instead of these resources which their extraction and use is detrimental to
the environment? How has mining impacted water resources? What wildlife and how has
wildlife been impacted by mining? What are the indicators that mining impacts the

environment? Is it only negative impacts or do we have positive impacts on the environment?

The sequencing of the questions aims for gradual conceptual development bigemicla
Some of the questions discouraggmplistic answers and encourage complex resporides.
Zikalaldd s knowl edge of questi,andshewas scoredouhi s ar ea
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4.4.3.1.4 SummaryofMrs Zi k a |l aitlal®Gks |

Table 4.6 shows a summaryMfsZi kal al adés initial fPe@edled Thi s
before undergoing the professional development intervention.

Table 4.6
A summary of the observations madeMisZi kal al adés initi al PCK wusing
Overall
score for
Component of PCK Score 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
Students énisconceptions
Questions to access thinking
3.3
Overall initial PCK 3.1
MrsZi kal al aés overall initial PCK was consi

which sheachievedthe highest scores were knowledge and skills related to the curricular
saliency and the component of knowledge and skills related to student undegstatet
lowest score was in the component of knowledge and skills related to conceptual teaching

strategies.
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4.4.3.2 PCK Revealedin Mrs Dlamini® Bre-questionnaire

4.4.3.2.1 Curricular Saliency

Mrs Dlamini was able to list theoncepts to be addressed when teaching. dhe rhost

important concepts listed yrs Dlaminiwerefi most met al s exi st as co
they found, how are metals obtai neFbua@49d ef f e
shows the model answers for this question and the conceptsdviesvemportant when
addressing the topiaf extraction of metals. Althougirs Dlaminié s ueneirg wagound

to be appropriatemore than one of the concepts that were viewed as important in the model

answers and master CoRe were missangl therefore she was scoreiiva.

Figure 4.9
Model answers showing the most important concepts that need to be taught when teaching the

extraction of metals

Name the four most - Sources of metals/ where and how the metals are found
important concepts
you would address

when teaching
“Extraction of metals”. | - Iron can be exiracted from iron ore in the blast furnace

- Ease of obtaining metals from their ores can be found by relating the
elements to the reactivity series

- Conservation of resources is important
- Mining and extraction of metals has an environmental impact

- Adverse environmental effects of mining can be minimised when mined
lands are returned to a natural or economically usable state (Reclamation)

When asked which concepts needed to be taiglearners before the topicthe extraction

of metalsshe listedit he reactivity series, stoichiometrHr
and pollutiord. This list is comprised ofchemistry topics from the EGCSE syllabus
Nevertheless, theesearcherconcluded hat even though the topics were appropriate, the
sequencing of the ideas was not evident. For this redmorknowledgeof | ear prer s 0
conceptsvas seen as basiand she was scorea two. Figure 4.10shows howMrs Dlamini

was scored in thigrea.
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Figure 4.10

Rubric extract showing how Mrs Dlamini was scored a 2 in the area efgreeptions of students

Mrs Dlamini agreed that environmental issu@®uldbe included in the curriculum because

firesou

on

syllabus whichis related to environmental sustainabiliyts Dlamini was, herefore, scored

“extraction of
metals”

sequencing is present

PCK Component Limited (1) Basic (2) Developing (3) Exemplary (4)
component prompts
Knowledge CS1 - Name the - Learning - Appropriate ideas - Appropriate ideas -Appropriate ideas
and Skills four most outcomes are are identified but are identified identified
related to important simply repeated/ | more than one - reference to one of | - Identifies ideas that
Curricular concepts you rephrased. important idea is the two big ideas focus on
Saliency (C) would address - no evidence of missing - sequencing is understanding of both

when teaching . . .

sequencing - evidence of evident the big ideas.

-sequencing is evident

CS2 - What
concept(s) need
to be taught to
learners before
teaching them
about ‘Extraction
of metals’?

- ldeas mentioned
are not
appropriate
-sequencing is not
evident

- Ideas mentioned
are appropriate

- sequencing of ideas
is not evident

- Identified pre-
concepts are
required to

understand the topic
-List is not extensive

- Provides logical
sequencing of
concepts

- Identifies pre-
concepts that are
needed to understand
the topic

-list is extensive (4+)

- Provides logical
sequencing of concepts

t he
outcomes, her second point colid linked to the third aim of the EGCSE PhysiSaience

rces

take t

i me to

b endif tolr erea , arse akwdar s

e n mlthaugh rhen eeasbrs were not well articulated in terms of teaching

a two.Figure 4.11shows 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.

In the EGCSE

curriculum,

environmental issues
are included.
agree with this

inclusion and why?

When giving her reasons wighe thoughtt was important for students know about Big

Ideas Aand B,Mrs Dlamini saidiit o

future

students should play. There was also no evidence of a link betweéigtlieas and the

Do you

g eAttrough this reasan wasgell formulated,there was no link to the role

prevent

depl etion

1. To develop skills and abilities that are useful in addressing environmental
issues

2. To stimulate learner interest in, and care for, the environment

3. To promote awareness that the applications of science may be both
beneficial and detrimental to the individual, the community and the
environment

of
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environment, the society or the economy that would directly affect the studentsBAjso,

IdeaB was also not considered in her respoasd thudvirs Dlamini was scored two.
4.4.3.2.2 Conceptual Teaching &ategies

When selecting teaching strgtes that would be employed when teaching Biga A,Mrs
Dlamini provides discussion and uséd diagrans. She listed field trips and discussions for
teaching Big Idea BSee Figure 4.12 The chosen strategies were considered general, and
there was no edence thather teaching strategies would encourage critical thinking and
problemsolving Her reasoning behind her choice of teaching strategies seemed incomplete
and showd no consideration of the other togpecific PCKcomponents. As suchher
knowledge of appropriate teaching methods e@ssideredo bebasic andshe wasscoreda

two.

Figure 4.12

Mrs DIl amini s responses to the question on teach

3(a) | What teaching strategies would you use to teachconserving resources? Why?
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(b) | What teaching strategies would you use to teach the environmental impact of mining? Why?
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Mrs Dlamini listedthree questinsthat she thought would be importaviten teaching thbig
ideas. All three questions focused on Biga A. Her questions wern@Why is it important to
conserve resourc@e , If tliie resources are depleted, what could be the @ffertdfiwhat
otheraspects of SD are affected when these resources are dépletéadse questions were
sequaced appropriately and although there waglencethat her questions may elicit some
higher order thinkingfrom the studentsthere was no evidence of questions thaiuld
requireproblemsolving. Also, her questionaddressednly one of the big ideaand as sugh
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the teacher wagiven a score dfvo. Figure 4.13hows the rubric bicks and the indicators

for thelevel.

Figure 4.13

Rubric extract showing Mrs Dlamini's scores for the area of questioning under Conceptual Teaching

Strategies

CTS2 - What
questions, related
to environmental
sustainability (ES),
would you
consider
important to ask
your learners
during your
teaching?

- Questions listed
are not specific to
the key ideas

- Questions are
general

- Sequencing is
not evident

- Questions asked are
related to one of the
key ideas

- No evidence of
questions that
require higher order
thinking and problem
solving skills

- Sequencing is
evident

- Questions asked are
related to both the
key ideas

- Evidence of
questions that
require higher order
thinking but not
problem solving skills
- Sequencing is
evident

- Questions asked are
related to both the key
ideas

- Evidence of questions
that require critical
thinking and problem
solving

- Sequencing of
questions is evident

Mrs Dlamini identifies diagrams as her choice of representation for botldBag A and B.
She also describes what the diagrams will be showing. For Big idsfaefsays the diagram
Acompares the mana fornBgy |dda 6 f tleerdiagraenn d
nkhol Altheugh thesé
representations were considered appropriate, she does not specify how she will use them or

areas of af

shows fi s i es, soi l erosi on, vege
why she believes these diagrams will support studemderstanding of the big ideas. She
therefore,was scored atwo on her knowledge of representationatthvould support her

teaching.

When askedaboutthe 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 safirlgydout on mining for reading, diagrams,

vi deos, fi el dt r.iSpesdid noeXplanshsw tidesesmouldss usednosassess
studentsunderstanding. From these respon#esre is a lack of evidence of her knowledge
of t o

ways a sceptual sindérstanding & the ldig idetmerefore, as seen in

Figure 4.14, shevasscored ane
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Figure 4.14

Rubric block showing how Mrs Dlamini was scoregh&on her knowledge of assessment methods

CTS4 - What

thinkingand

impactthat

understanding
aboutconserving
resourcesand the

ways would you
assessstudent

mining has on the
environment?

- No assessment
strategies
provided

- Mo evidence of
appropriate
assessment
strategies

- Lists one or two
general assessment
strategies

-No indications of
how they are linked
to concepts

- Lists appropriate
assessment
strategies

-There are
indications of how
they are linked to
concepts

- Lists assessment
strategies with
indications of how they
arelinked to concepts
-Strategies encourage
preklem solving skills
and critical reasoning

4.4.3.2.3 StudentUnderstanding

Mrs Dlamini states that what she finds difficult to teastiidents abouBig IdeaA is that
s hhereakod giveror the eliffiaulty eas
( mi ryifontge) countny anal giees joba to peoptle o f
. Shdatsofinds it diffioult Itoi teach dhdi |
Big idea B Her reason for the difficulty experienced when teachitgut the loss of
take it

Ami ning
thatiit hi s
wh o

support

of re

industry

biodiversity wafit he |

sour ces

earners

0SS

as i f,

S i

o f abalt

or

ver si

nce

less effect on them, yet it is important for the balance of the ecosystiEad webs and food

c h a i. Althaugh the difficulty mentioned foBig Idea A was neither conceptuanor
contextualMrs D |
finds it difficult to explain to a student the negative issues associated with mining when the
hood

for Big lIdeaB, it was not clearly formulatednd the reasons were gengetitus she was

i veldi

scoreda two.

When asked about typical misconceptions that students have with regardite&gA and

ami ni

of

0s

t he

abparéntlymaregot a moralsissushe supposedly

s t u d[Respitedgwingfam apprdpryate dificoliy n d s

B, Mrs Dlamini refered to students believing that the damages caused by mining were

A per ma kriguret4d5shows suggestions of misconceptions in the master CoRe. The

misconception identified byrs Dlamini is in line with the misconceptioanderlined in

Figure 4.15
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Figure 4.15
S0 me

environment

S2 - What are
typical student
misconceptions
you encounter
when teaching
about
cohserving
resources and
the impact that
mining has on
the
environment?

student séb

- There is an infinite supply of Earth’s
natural resources

- Some ecosystems have limitless
resources and provide an opportunity
for limitless growth of a population
(Brody and Koch 1990)

- Natural gas is a renewable resource
(Tortop, 2012)

-Humans can fabricate rocks and

minerals.

mi sconceptions

about conservi

- Envi | - i

-All - mines
devastated.

leave the environment

- Air pollution (and not greenhouse
gases) cause climate change

-Carbon dioxide (COy) is the only gas
that increases the greenhouse effect

- CO; depletes the ozone layer
(Arslan , Cigdemoglu & Moseley,2012)

- During reclamation fauna will return
unaided after the establishment of
vegetation (Thompson & Thompson,
2004)

Although shecouldidentify a misconception, it was not well formulated. This shows that she

has

basi

c knowl edge

about

her student sb

Mrs Dlamini listed the questions that she would use d¢ees studerst Ghinking. The

guestionsii h o w

changes

does mining

ar e

affect

t he p@peddwhat

students so they will be regarded as one question. The other question mentionétry

ng

mi

ani

br ought wilbpossibiy eficit singilar tegponsels iom tha r e a ? ¢

Dlamini wasfiwhat measures can be done to reduce the damages caused by mining on the

envi r onThie questian will encourage students to solve the problems caused by

mining. Although the questions used interrogative pronouns appropriate for elstiiohent

understanishg and were in line witlthe teaching strategies she planned to diselist of

guestionsvas not extensiverherefore she was scored &for knowledge of questioning to

assesstudent thinking.

4.4.3.2.4 Summaryof Mrs DI a milmitial ®#GK

Table 4.7 shows a summaryMfsD| a mi ni 6 s she revealad before Rrdétgoing the

professional development intervention. The table shtbe/scores allocated to the responses

given byMrs Dlamini.
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Table 4.7

A summary of the observations madevirs Dlaminiés initial PCK using the rubric

Overall
score for
Component of PCK Score 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
Questions to access thinking 3
2.3
Overall initial PCK 1.9
MrsDlaminb s over al | initial PCK was considered

she had the highest score was knowledge and skiéded to the curricular saliency of the
topic. Her lowest score was in the component of knowledge and skidéed to conceptual
teaching strategies

4.4.3.3 PCKrevealed inMr Ma v u s cedjsestiéhnaire
4.4.3.3.1 Curricular Saliency

Mr Mavusonamed the mst important concepts he would address wteathing asfit h e
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 éefié®
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first concept is normally taught before the topfeextraction of metals and is considered to

be a concept that is required by students to understand the tapstrattion. he second

and third concegtwill be considereédsone because thdyoth referred tdhe extraction of

metalsii n rel ation to their .pahkisfourthonmstimportanthe r e
concept,Mr Mavuso referred tdoth big idas by statingit he | mpact of mi n
ecosystem and ways t a Altbough stieerideas identified were o s y s t
appropriate and sequencing was evidantimportant ideavas missing. Figure 46lis an

extract of the model answers showing asfythe three conceptsir 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 developingnd he wascoreda three.

Figure 4.16

An extract of the model answers showing concepts that Mr Mavuso was missing in his response

Name the four most - Sources of metals/ where and how the metals are found
important concepts
you would address

whenteaching
“Extraction of metals”. | - Iron can be extracted from iron ore in the blast furnace

- Ease of obtaining metals from their ores can be found by relating the
elements to the reactivity series

- Conservation of resources is important
- Mining and extraction of metals has an environmental impact

- Adverse environmental effects of mining can be minimised when mined
lands are returned to a natural or economically usable state (Reclamation)

When asked what preonceptshe would requirefrom his studentshe responded by
identifying two conceptsfir educti on and oxidation in ter ms
tranafdi@eldoectr ol ysi s o.fTheroanteptenmmentionediyr dMavosd,s 0

and their sequencing, were appropriate. His list of concepts was not exgasid these

made his knowledge in therea of student preonceptsseem to be developingh@ he was

scored a 3. Figure 4.5hows howMr Mavuso was scored in this area.
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Figure 4.17

Rubric showinghowMrMaus o was scored a 3 n the area
conceptions
€S2 — What “ldeas mentioned | - Ideas mentioned - Identified pre- - Identifies pre-

concept(s) need
to be taught to
learners before
teaching them
about ‘Extraction
of metals'?

Mr Mavuso agreedwith the inclusion of environmental issues into the curriculum. His

reasoning for the inclusion referred to the fact that environmental issues are included in the

are not
appropriate
-sequencing is not
evident

are appropriate
-sequencing of ideas
is not evident

subject of Geography and so studefita r e

This reasa was unclear and not linked to any of the EGGSE | | a b utlse@for@hisms
knowledge in this area was seen as limiadl he was scored one.Figure 4.18below

concepts are
required to
understand the topic
-List is not extensive
- Provides logical
sequencing of
concepts

able to

concepts that are
needed to understand
the topic

-list is extensive (4+)

- Provides logical
sequencing of concepts

under st a.nd

shows the aims of the EGCSE syllabus that needed to be linked to the reasons.

Figure 4.18

of

t

Model answer shows the EGCSE syllabus's aims that can be related to environmental sustainability

In the EGCSE
curriculum,

environmental issues
are included. Do you

agree with this

inclusion and why?

When asked why it is important for students to know aboutldgsA and B,Mr Mavuso

issues

1. To develop skills and abilities that are useful in addressing environmental

2. To stimulate learner interest in, and care for, the environment

3. To promote awareness that the applications of science may be both
beneficial and detrimental to the individual, the community and the
environment

respondedii T h erld i& experiencing food shortages and extinction of species due to global

warming/climate change, so learners need to understand the importance of conservation

From this responsat is evidentthat Mr Mavuso is aware of thénk between social and
descr i behy addilmge¢hat sheyustorld t 0 s
t oHisaaspomse shdwed tratfthise c t s

knowledge in this area was developing, as hisfaristudentgid not relate t@ny of the big

environmental issuedd e

fpartake

a l

in the

SO

campaign

ideas. He waghereforescoreda three.
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4.4.3.3.2 Conceptual Teaching &ategies

When selectinghe teaching strategies that he would use to teach on the big Meas,
r e s penstategy rfoe eathf dbentsg ideas. For Big idea A, he
mentionedstudentled discussionsand his justification for using these was tha¢ x c hangi ng

Mavusobs

rol es

hel

ps |

earners

to

. He didenot glabaratedon thdnreles i

nf or

or the informationto which he referred.The teaching strategy he chose for Big idea B was

visualisation. He described that the

envi

strategy wouldi h ellepar ner s

ronment

before

retain

learners woldld bser v e

t he

i. Thé girategiast wiere n

sampl e pict

a n dnd thdusirg visualisaton asia regchilgp er a t

for

appropriate but consideréal begeneral, as there was insufficient evidence from his response

to decide whether they would be used st@dentcentred manner. The reasdos choosig

these strategies were generic as they were not aligned to ESD. Hbevefrescored a 2,

as his knowledge in the area of conceptual teaching strategies was seen as basic.

The questions tha¥ir Mavusothought would be important to ask his learneusirdy his

teachingof the big ideasvere,A How d o

t heir,anddbEepl ai n

pl astics

t he

trees

hel

i mp o r-hiodegradable anftterrsece gsc | i n g

p I nmBpamtrol i

. Althadigh bher¢ wak evislelce that these questieould require higher

order thinking, neitheexplicitly referred to Big ldeas A and B; however, they did refer to

sustainability issuesapturel in other topics in the EGCSE physicaiencesyllabus.Mr

Mavusobs

knowl edge in

t he

ar e, a0 hescoredautveos t i o n i

The extract fran thePCK rubric in Figure 4.1%hows the indicators that led to this score.

Figure 4.19

Rubric block Bowing how Mr Mavuso was scored a 2 on his knowledge of questioning

CTS2 - What
questions, related
to environmental

would you
consider
important to ask
your learners
during your
teaching?

sustainability (ES),

- Questions listed
are not specific to
the key ideas

- Questions are
general

- Sequencing is
not evident

- Questions asked are
related to one of the
key ideas

- No evidence of
questions that
require higher order
thinking and problem
solving skills

- Sequencing is
evident

- Questions asked are
related to both the
key ideas

- Evidence of
questions that
require higher order
thinking but not
problem solving skills
- Sequencing is
evident

- Questions asked are
related to both the key
ideas

- Evidence of questions
that require critical
thinking and problem
solving

- Sequencing of
questions is evident
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The representations thitr Mavuso chose to use for both his big idease examples and

pictures. For big idea A, he selectb@ example of the nature and game reserves in Eswatini

that are used to conserve endangered species of plants amdsardancontinued to say that

pictures showing conserved and extinct species would lgasmes more clarity.For Big

Idea B,Mr Mavusosaid he would use examples of coal and quarry mines in Eswatini and ask
learnerston descri be the condition of t.hHe againr , | a
mentioned the use of pictures thaiuld show an ecosystepolluted by a mining operation.

His reasorfor using examples for botBig IdeasA and Bwasfit hese examp, es ar
and pl aces | ear neDescripgonseof hisaapredentadions and hovia they

would be usedvere insufficient because hisasoning for his choice of representations was
inadequateand 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 scoredtwo.

When aske@bout themethods he would use to asskssnerunderstanding of the bigeas,

Mr Mavuso listed twomethods,fi a s s i g namtkefinctl sads s wor kK  a.nfideseh o me wc
assessment methods are geneat hs descripbns of how these assessments would be

used were inadequate adml not indicatehow they are linkedo the big ideas (See Figure

4.20. His knowledge of assessment widrereforescored awo, as it was seen as basic.

Figure 4.20

Mr Mavusods met hods of assessment

What ways would you assess student thinking and understanding about conserving resources

and the impact that mining has on the environment?

o Assignments: learners would be grouped then given topics of, to research and write
short essays.
o Classwork and homework: learners would answer questions that require them to recall

information that was learnt.

4.4.3.3.3 StudentUnderstanding

Mr Mavusostates tat what he finds difficult to teach aboBtg Idea Aisit he da f f er e
between renewable and noeneva b | e r e Hi®neasan dos the difficulty wathat
learnerstend to confuse the twand therefordi mor e emphasi s wit.h exan

For Big Idea B,Mr Mavusosays he finds it difficulif e x pl ai ni ng the di ff e
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effects and i.Hipraasan $or thusfdifficuityrwatme game as for By Idea A

as he saidhath mor e emphasi s i s.FygweddRéslkows modekearswérsa i ni n
with regards to difficulties related tearnes. The difficulties mentioned bilr Mavuso were
appropriate, as this difficulty is related to studentisunderstanding derms, as well as the

t e a c difecultd is explaining the tans.

Figure 4.21

Model answers showing difficulties ttan be related to students

Knowledge | 81-What doyou | Difficulties (refated to students) Difficulties (related to students)

and Skills | considerdifficult |[“stdent misunderstanding of terms -Learners find it hard to express
related to aboutteaching || renewable vs. non-renewable) complex environmental issues in ways
Student this idea? that are understandable (Biodiversity,

Why? - lack of prior knowledge on

thinking (S .
9() conservation issues/natural resources

deforestation, land degradation, acid-
mine drainage, greenhouse effect,
- students cannot relate to global warming etc)

conservation.

- promoting outdoor experiences and
encourage students to become
engaged in environmental activities

Despite giving appropriate difficulties, there was no evidence in his nsspof
understanding whthe students were finding it difficult to differentiate between thmdeAs
such his knowledge of teaching difficulties was seen as basitbv@asdoreda two.

When identifying the misconceptionshe may encounter during his teachifdr Mavuso
describesficonfusingeffectswith i mp a.cAs snéntioned abovea misunderstandingf
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, wad dtored a

two.

When asked about thguestions he would use to elicit student thigkiMr Mavusolists
Aproblems o | vandig on f e questiang Although the type of questions he gave would
encourage complethinking, he did notgive examples of the actual questions he would ask

and therefore scoretlone.

4.4.3.3.4 Summary of Mr Ma v u s ritia|$PCK

Table 4.8 shows a summaryMf Ma v us o 6 s that hetevealdd befofe Kindergoing

the professional development intervention.
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Table 4.8

A summary of the observations madeMsrMavusods i niti al PCK
Average
score for

Component of PCK Score 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 21
MrMavusob6s overall initial PCK was

usi ng

consi

t he

der e

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 relagtddens 6

understanding.

4.4.3.4 PCKrevealed inMr Celed sre-dquestionnaire

4.4.3.4.1 Curricular Saliency

Mr Celelistedthe concepts that he viewed as bdamgortant to theteachingof extraction of

metals His chosen concepts weilet h e

react i vi,exyractoreprocesses frorh

the different ores of metalhe importance of conservation of resour@asd the positive and

negative
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appropriateanda sequencing of the ideas wasaamt. Hebelieved that those ideds#rectly
linked to sustainabilityvere importanto his teachingand as sughhe mentioned both big
ideas.Mr Celes knowledge in this area was seen as exempldug.rubric extract in Figure
4.22shows the indicators &t ledMr Cele to scorafour.

Figure 4.22

Rubric indicators showing Mr Cele's exemplary knowledge of concepts to address when teaching

PCK Component Limited (1) Basic(2) Developing (3) Exemplary (4)
component prompts
Knowledge CS1-Name the - Learning - Appropriateideas - Appropriate ideas -Appropriateideas
and Skills four most outcomes are are identified but are identified but an identified
related to important simply repeated/ | morethan one importantidea is - Identifies ideas that
Curricular concepts you rephrased. importantidea is missing focuson
Saliency (C) xﬁ::ld;:gl:?rf; - no evidence of missing -referenceto the understanding of both
“axtraction of sequencing -referenceto one of | twobigideas the big ideas.
metals” the big ideas - sequencing is -sequencing is evident
- evidence of evident
sequencing is present

When asked which concepts needed to be taught to learners beftmei¢he the extraction

of metals, he responded by listiigt he r eacti vi andiseactisoms onfet @
Although thelist is not extensivethe concepts he mentioned are appropriate as they are a
prerequisite todachingthis topic. The sguencing otthe ideas is not evident ksowledge of

reactions of metals a required preonceptto place the metals in order of their reactivity.

Mr Celés knowledge in the area of stud@né-conceptavas seen as bas@nd he was scored

atwo.

Mr Celeagreedhat it is important for environmental issues to be included in the curriculum

and that itshouldbe a topicon its own. His reason for theclusionwas,ithere ae alot of

poll utants and some are emer g,jamdigcarbiesceanuss e i sfe
the issue of the impacts of minindHe ad@dthat itcouldi hel p contextual i se
c hemi st r y,.His neasdnweaner welkeartisutatedand his first two reasonsere in

line with one of the aims of the EGCSE syllabMs.Cele was scored a 3 for his knowledge

in this area as it was seen as developing (See FigiBe 4.2
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Figure 4.23

Cel

Mr eds score for his reasons for the inclusioa
CS3-Inthe -No reasons - Reasons provided - Reasons given well -TwWo or more reasons
EGCSE provided arewell articulated articulated given

curriculum,
environmental
issues are

- Reasons are
unclear and not

- Reasons are not
linked to the aims of

- Reasons given
linked to one or two

- Reasons provided are
linked to three of the

included. Do vou linked to the the EGCSE syllabus of the aims of the aims of the EGCSE
agree wi‘éh th‘;rs outcomes of the EGCSE syllabus syllabus

inclusion and syllabus

why?

When asked why it is important for students to know aboutdigs A and BMr Cele gave
the following response

The negative impact of unsustainable utility of natural resources is very close to
student8 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 hisresponseloes not linktothe t u d e nt s Oe in sostamabld éedelopnent
it shows that Mr Celeis awae of severalsustainability issueandthe relationship between
environmental and social issues. His knowledge and reasoning in thisvareaeen as

developingand he was scoredlaree
4.4.3.4.2 Conceptual Teaching &ategies

The teaching strategiedr Cele chose to employ when teaching Bdeawere classroom
discussions and site visit8Vhile teachingBig Idea B he would use groupresentations
(PowerPoint) storytelling and demonstrations. his responseMr Cele admits to having
usedthelecture method in the past but claims the learners could not relate to the concepts and
dnot , thus hehdecidéddoichange v e r y d

his strategy. His reasonsrfchoosing these strategies wéré o r

Acoul make connections
r e toeemcaunagee 0
learners to research, share information éndel p i n cor r e c tAlthoggh mi sc o
his reasons were not alignadth ESD, group presentations are considestalentcentred

and inquirybased as they require the students to candasearch to find information and

visual representation®r Celecould give brief explanations of the rolesetistudents would

play, and hevasscored a 3 as his knowledge of teaching strategiessesn asgeveloping.

Figure 4.24shows a rubric extract with the quality indicators for his score.
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Figure 4.24

Mr Cel ebs rubric score pertaining to his knowl
Knowledge CTS1- What -lists oneortwo | -Llists general -One or two -Presentsrelevant ESD
and Skills teaching general strategies | strategies strategiesthatare teachingstrategies to
related to strategieswould | _Ng justification | -Reasons provided student centred teach the required
Conceptual | Youusetoteach | 5 6ideqd aregenericandnot | -Evidence of learner || concept
Teaching conserving - Justification necessarilyalignedto | involvement -Clearreasons,
. resourcesandthe | . . . .
Strategies environmental incomplete ESD -Reasonsnotaligned|| consistentwith ESD
(CTS) impact of mining? to ESD specific specificstrategies
Why? strategies

When asked ajut the questions he considered important to ask during his teaching, he gave
four questions. In his first questioime focuses on helping studentsvelopideas to promote
sugainability by talking about the availability of appléx future generationg§SeeFigure

4.25) The second question he considered Wiad,i f f er ent i at e bmtrween
renewabl e . Anetleioquestioe prompted students to give examples of natural
bhatithe mentoroed i n
s In dis fnal geestionMr CGele desciibeseow plastics

manufacturinghas shifted from using nemnewable to renewable resources. He then

resources and descriiewh at pr actices are

resources are
prompt s sdiva dnetimet exampl® of énvironmentaltairability and explain why
you think its manufacture or use is sustainabl€igure 4.25below showsMr Ce | e 6 s

complete response.
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Figure 4.25

Mr Cel ebs response s howimpogtanttcask daringehis teaclings he cons

What questions, related to environmental sustainability, would you consider important to ask
your learners during your teaching? Think of questions aimed at conceptual development and

reasoning.
¥* IF ONE IS EATING AN APPLE TODAY, HOW CAMN HE OR SHE EMNSURE THAT EVEN THE

FUTURE GEMERATIOMN EMIOYS THE APPLE FRUIT IM TURM?
DIFFERENTIATE BETWEEN REMEWABLE AMND MOMN-REMEWABLE SOURCES OF EMERGY

W

GIVE FIVE EXAMPLES OF MATURAL RESOURCES THAT WE USE IN OUR DAILY LIVES

¥

THAT HAVE THE POSSIBILITY TO BE SUSTAINED FOR GENERATIOMS AMD
GEMNERATIOMS. WHAT PRACTICES ARE BEING PUT IN PLACE TO ENSURE THAT THE
MEMTIONED RESOURCES ARE SUSTAIMABLY UTILIZED

¥ OME COMMOMN WAY OF SUSTAINABILITY IS THE RECYCLING OF PLASTICS. PLASTICS
ARE MADE FROM POLYETHEME, WHICH IS A POLYMER OF ETHEMNE. ETHEME IS
EXTRACTED FROM PETROLEUM, WHICH IS NOM RENEWABLE RESOURCE. CURREMTLY,
PLASTICS ARE MADE FROM PLANTS LIGNIN (SUGARCAMNE) AND THE WHOLE WORLD
ENCOURAGES THE USE OF REMEWABLES TO MANUFACTURE OUR DAILY PRODUCTS.
GIVE ANOTHER. EXAMPLE OF EMVIRONMENTAL SUSTAIMABILITY AND EXPLAIN WHY

YOU THINK. ITS MANUFACTURE OR USE IS SUSTAIMABLE

Mr Celés questions @re only related to Bigdea A and although soe of the questions
requiredcritical thinking, there was no evidence of them requiring the students to solve
problens. Mr Cel eés knowl edge in the ar,saadhewas quest

scoreda two.

When listing the representations he would use when teaching the bightte@ele did not

give an extensive list. For Biglea A, he suggested three representatwinghich only the
Apicture of wild ani mandan dii na eictamjoiopeople usigga me r ¢
f i r e wwere dctual representations. His third suggestion was a story which culminated in

a questionMr Cele stated that for Bilflea Bfi a nimation canb e p e. THiseamination

would coverihow a mine i s est ab[marsmadepdAlthoudglethee | op e d
representations were appropriate for the big ideas, the selecti@®scription of how these
representations would be usedere inadequate. His justification for his choice of
representations was insufficiemind in an attempt to justify his use of a diagram, he reveals

his own misconception. Figure 4.86ows partoMrCe |l ed6s response in whi

firewood is a nofrenewable resource.
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Figure 4.26

Mr Cel ebs response showing his justification for

DIAGRAMS OF PEOPLE USIMNG FIREWOOD AS AN EMERGY SOURCE TO ILLUSTRATE
MOM-REMEWABLE ENERGY SOURCES, THIS WOULD HELP TO EXPLAIN WHY THEY
ARE SAID TO BE NOT USABLE OR CAMMNOT BE RE-USED

MrCel ebs knowl efdrgpesentations was seemn rasehamic as suchhe was

scored dwo.

When asked about the assessment strategy he wouldMus€gle mentioned he would
narrate different scenariosafida s k | earners to identify resou
and expl Although thsassessment strateis linked to one of th big ideas, he

mentioned only one assessmemtg as sughe was scored two.
4.4.3.4.3 Student Understanding

Mr Cele identifiel threedifficulties in teaching Bigldea A. The first was based on the
challenges he faces when explainthg concept of conservation of resources. He states that
Aithe obvious example is the coresened, armlhei on of
finds it difficult to explainit he concept 1 n r el Hetalsofound thad, met al
when referring to conservation si tceosu/ladrnedats ,
think that wild animals and wetlands are being protected by avbid their extinction
instead they think that it i sThedhoddifficultydir at t r ac
Cele mentioned was théitt her e are | i mited r esomaycnets i n
under st and a b mudsponsem sdiffiauities epstdining to Big Idea B, he
identified two di f #ifficalufér teareess .to asbeciats minirdy witht wa s
envi r on me.rHis reasonf fer chis difficulty was thdt we have few mine
country, and most learnersvae n ot vi s i tThaotherhif#ficuley hepnheationeds 0
wasthati | ear ners do not have bac MgCeleudentfiedi nf or n
difficulties tha were related to the key ideaslthoughthe reasons for theifficulties were
contextualand did noshow awareness difficulties associated with the learning of concepts
(curricular saliency they didshow anawareness of studenthinking MrCe |l e6s knowl e«
in the area of difficulties was seen @sveloping and he was scored 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 scoretha on student difficulties

Knowledge
and Skills
related to
Student
thinking {S)

S1- What doyou
consider difficult
aboutteaching
conserving
resources and the
environmental
impact of mining?
Why?

-No difficulties
identified

- Identifies broad
topics/statements
-No reason given

- Identifies general
learner/teaching
difficulties with no
relation to key ideas
- refers to contextual
constraints

- Provides generic
reasons

-An appropriate
difficulty related to
one of the key ideas
is identified and
clearly formulated.

- Reasons for
difficulty show an
awareness of student]
thinking and aspects
of curricular saliency

- Appropriate
difficulties for both key
ideas are identified
and clearly formulated.
- Reasons given show
an awareness of
student thinking/
learning and aspects of
curricular saliency

Mr Cele was unable to put forward the misconceptions he encountered when teaching about
Big Idea A and B.However heidentifiesst udent s dofidniatkfei a thlet yl i nk

recyc!l

I ng

a n dHis cresposse rshowetd in@ mdication of knowledge about

misconceptiongherefore he was scored one.

WhenMr Cele was asked about the questions he would ussstsstudent thinking, he

gave two examplesi h o w

N What

guestions were appropriate for eliciting student thinking, there was no evidence of how these
guestions were linked wtudent understandiray the conceptual teachingategies he would

have usedMr C e |

do vy

hewasscoreda two.

eds

coul

ou t hi

d you neoffadnamedcomattuvalki oes

n k ar e

4.4.3.4.4 Summaryof Mr C e | lmifasPCK

Table 4.9 summarises the scores allocated to the responses givendgje. It showaMr
nétlekovemleimitial PCKrhe cevealad tbefose undergoing

Cel eds

i nit

i al

the professional development intervention.

t he

e n vAlthowgh thesa t a |

k nassedsiegdstgdent thinking was seen as basic and as such,
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Table 49

A summary of the observations madeMimCe | ebés i ni ti al PCK using the
Overall
Component of PCK Score scngeror
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
Questions to access thinking 2
2.0
Overall initial PCK 24
AlthoughMr Ce |l eds over all i nitial PCK was consi

componenbf knowledge and skills related to the curricular saliency of the tegscfound to
be developingHis lowest score was in the componentknbwledge and skills related to

student understanding.

4.4.35 PCKrevealedinMsD u b e @-gjueddionnaire
4.4.3.5.1 Curricular Saliency

Ms Dubenamed the mst important concepts she would address wieaahing extraction of
metals as fOxidation/reduction Electrolysis Methods of extracting metals and
AConservation of environmantThe first and second concepts are normally taught before the
topic onthe extraction of metals astudents need theto understand the topic of instruction

As such, theyare not considerefdre-concepts but rather new knowledge to be taughé
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third concepis considered as an appropriate idsad 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 misamdj as sughher knowedge of
conceptsto be taughtvas seero be basicand she was scored two. Figure 4.28below

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

Component Limited (1) Basic (2) Developing (3) Exemplary (4)
prompts
CS51- Name the - Learning - Appropriate ideas - Appropriate ideas -Appropriate ideas
four most outcomes are are identified but are identified but an identified
important simply repeated/ more than one importantidea is - |ldentifies ideas that
concepts you rephrased. importantidea is missing focus on
would address - no evidence of missing - reference to the understanding of both
when teaching . .. ..
wextraction of sequencing - reference to one of | | two big ideas the big ideas.
metals” the big ideas - seguencing is -sequencing is evident
- evidence of evident
sequencing is present

When asked what concepts needed to be taught to leaefere teaching them abowietals
extraction, she identifiecthree concepts. The concepts vigteysical and chemical
properties of metals, oxidation/reductimnand fithe reactivity series of metalsAll the
concepts mentioned bys Dube are required to understand the topic and sequencing is
logical. Her list of concepts was not extensiging her a score of 3 as her knowledge in

this area was seen as developing.

Ms Dube agreedwith the inclusionof environmentalissues into the curriculum. Her
reasoning for the inclusiomas thatlearnersiineed to be aware that some aspects of
chemi stry have an i mBhecdntinuec to sap thattehnevyi r menente n t
knowledge on these impacts and flassways that can be undertaken to minimise the effects

on t he e nS8hecoocluded metrésponse by sayiraiit hey shoul d ensur
environment i s pcFigure 43 lielevdshavs herafull responses All ofcthe

reasons sherpvided were linked to three of the aims of the EGCSE syllaldssDubés
knowledgeof the inclusion of environmental issues into the curriculum &snplary and

shescored dour.
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Figure 4.29

Ms Dube'gesponse on the inclusion of environmental issues into the curriculum

In the EGCSE curriculum, environmental issues are included (See outcome 6 and 7 above).

Do you agree with this inclusion and why?

Yes, I agree. The environments is man’s greatest resource. Learners need to be aware of the
fact that chemistry applies to everyday life not just chemicals and the lab. They need to be
aware that some aspects of chemistry have an impact on the environment hence they need
the knowledge on these impacts and possible ways that can be undertaken to minimise the
effects on the environment. Learners need to be aware that as chemists carry out their

studies they should ensure that the environmentis protected at all costs.

When asked why it is important for students to know aboutl@égsA and B Ms Dube
responded by sayingithe students know that the resoutcaésiot conservedcan run out

since they are not mamade hence appreciate the importance of conserving &heBine
addedthat fileaners will recognise that mining sites should be chosen carefully such that
[they are] not situated in areas where humans, animals as wehagnvironment itself will

be negatively affectéd Ms Dube then decided to list five poinffth e f i r st Fdarhr ee
environmental sustainability, For maintaining biodiversityand fiConserving resources
means that the impact of mining on #revironment can be reduaidAll of her reasons are
generi¢ and there is no evidence of knowledge of thedrfee skills that the students should

develop toachieve these. The last two points were

To avoid activities that destroy the environment as the rehabilitation of the resources
causedthe] state a lot of moneyconserving resourcesay also bring more revenue

to the country since most of the species, sites and places of attraction wilt attrac
more visitors hence increased revenue and economic growth for the coiuisry
Dube)

Although, from these last two reasoitss evidentthatMs Dube is aware of the link between
economicand environmental issues ihdenefis the country However, shaloes not clarify
how these reasons are directly linked to the students. Her knowledge in this area was seen as

basic and she was scoredtwo.
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4.4.3.5.2 Conceptual Teaching &ategies

When selectinghe strategieshe would use to teadhe big ideasMs Dube optd to use the

same strategy for both of the big ide&r Big Idea A, the learners would be given
Afexampl es of r esour c eafter vehichathey veobld choseiomsi d fh et lted u n
|l i sted resources and ma koeBigded B thé leamereveelcht at i
Achoose one mining site in Swaziland and r
surrounding environment in relati ®hswdiuld veget
also be followed by a presentation. For both ideas, tinests would be given guiding
guestions. Also, for Biddea B the presentations would be followed by a worksheigt w

Adi agrams and questions which wil/ prompt | €
environment and how the environment can be res .eAdthibugh the strategy was
appropriateand there was evidence from her response that showed learner involvement, she
only gavejustification for her choice of stratedgr Big Idea B. She waghereforescored a

2, as her knowledge in the areacohceptual teachinstrategies was seen as basic

The questions thaMs Dube thought would be important to ask héearnersduring her
teachingof the big ideasvere,iWhat[do] learners understand environmental sustainability
means? What does environmental sustainability mean for the state, economy and
environment? What human activitieffect environmental sustainabilitg?and AiHow can
learners improve/ensure environmental susdhility and possible challenges they can

face®

Although there was evidence th#iese questions would requirégherorder thinking,
neither of the questions explicittgferredto Big IdeasA or B. The questions are general and
assuctMsDu b e 6 s dde m thevdrea of questioning was found to be limited and she was
scoreda one.The extract from th®CK rubric, in Figure 4.8 shows the indicators that led to

this score.
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Figure 4.30

Rubric blockshowing hav Ms Dube was scoreda@neon her knowledge of questioning

CTS2 - What
questions, related
to environmental

would you
consider
important to ask
your learners
during your
teaching?

sustainability (ES),

- Questions listed
are not specific to
the key ideas

- Questions are
general

- Sequencing is
not evident

- Questions asked are
related to one of the
key ideas

- No evidence of
questions that
require higher order
thinking and problem
solving skills

- Sequencing is
evident

- Questions asked are
related to both the
key ideas

- Evidence of
questions that
require higher order
thinking but not
problem solving skills
- Sequencing is
evident

- Questions asked are
ideas

that require critical
thinking and problem
solving

- Sequencing of
questions is evident

related to both the key

- Evidence of questions

Ms Dube chose to use diagranastable pictures and a video as representations for both her

big ideas. FoBig Idea A, she would start the lesson by showiiid ear ner s
renewable and non enewabl e
tabl e

ndr aw

an emptybrown envelope writted T h e

up a

resouraeithelp cgrs e v. & sit t 0

di agr .

r e s o u.rTheelearneasl would rthierx lae tou p 0
a nd . The¢ leasers woyld treerm ke bresented with o r v e
Earth

bY

Eswatinj there ae government envelopdbat have atatement on conservatidrigure4.31

showsan envelopsimilar to the onés Dube used.

Figure 4.31

An Eswatini government envelope witstatement on conservation

Once learners were shown the envelope, theyld be prompted téd u n p a ¢ k

t hat

s t amd fiedneesnctr oi

be

ways

t o

conseryve

t

h e

resour Ce

me an
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conserved .The lesson would end with learners observing picturesidsbughtridden
areas, l ittered andfiolad erMsDabedoad usesthiesetpictaras O
toihshow | earners the i mportance of conservin
For Big ldea B,shesaidshe would use video offiheavy 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 progpsacel

mine draining She again mentioned the use of pictyrigss time they would show before

and afteimageso f desfructed habitats of animals afinpde o pl e around a mi ni
ar e .sWhenlustifying her choice of visual representationg, sfidthat they aréi n o t
easily forgotten by t heMdDeuabrenbesr sr eaansdo ned ansggi Ifyo
and descriptions of how the representations would be weegl sufficient. Her selection of
representations wamt extensiveas thee were less than fouand she was scored a& her

knowledge in the area of representations was seen as developing.

When asked for the methods that she would use to assess staddetstanding of the big

ideas,Ms Dube chose to uséf or mati vei mssleesmemtim .&che a t o]
continued to say thattifequesti ons al so include othisr | ear
assessment method is general and there are no indications in her response of how it is linked

to the big ideasTherefore, heassessment knowledgcored a 2, as it was seen as basic.

4.4.3.5.3 StudentUnderstanding

Ms Dube stated that what she found difficult to teach aBigitidea A isthat students are

fin 0t exposed to conservatioandiphagt idooé&sn oitn ptr
conserving resources in their everyday lives S h e al did )hadaoda enderstamda t

the differen@ between renewable and nmmev a b | e r e RoBigideaeBssbe says

Al earners cannot rel ate to t h.eHerireagpmafortthismi ni n
difficulty was thatfithey are not close to a mining sitandihave never seen ar
by mi.Therifficulties mentioned blis Dube were appropriate amdlated to the key

ideas. There was no evidencehier responsef reasons for these diffulties related to Big

Idea A. Her reasoning for the difficulties reééal to Bigldea B did not refer to the actual
concepts that could have been causing difficulties. Althoughrefegred to contextual
constraints, learnesavingnever seen a mine magfluencetheir thinking of the effects of

mining. As suchher knowledge in the area of teaching difficulties was seen as dadishe

was scored awo.
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When asked tadentify the misconceptionshe encountedduring her teaching about the big

ideas, shalescribe that students think th@&tnat ur al resouracdésni newnwegr

does not af f e cAlhough enly thenfivst ideais stated ds @ misconception in

the model answers and master CptReés list is not exhaustive. Therefotbe second idea
will not be disregarded dds Dubedés response shows an indic
misconceptions. Her knowledge in the area of misconceptions was viewed as deyaloping

she was scored three.The rubricextractin Figure 4.2 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

52 - What are
typical student
misconceptions
you encounter
when teaching
about conserving
resources and the
impact that

-No indication of
knowledge about
misconceptions
-The responseis
poorly formulated

-Identifies common
learnererrors
/misunderstandings
ratherthan
misconceptions
-Misconception
identifiedisnot
clearlyformulated

-ldentifies two
misconceptions
-An indication of
knowledge about
misconceptionsis
evident

-Response not well
formulated

-Identifies two or
more misconceptions
-Responseis well
articulated

-An indication of
knowledge about
misconceptionsis
evident

mining has on the
environment?

When asked about thguestionsshe would use to elicit student thinkings Dube responds
by saying she would asiquestionghat probe learners to thinkbout the concepts discussed
i n t he She ocomtine® to give examples and Jigtévhat is meant by conserving

resourca? Is it really necessaryWwh at woul d happlelnt hiofugrmo ts heéo rdeo
give examples related ®ig IdeaB, shementions Also, on the impact of minindg would ask

t hose @ Wkheugh tleeguestionsshe gave would elicit student thinkirthey are not
all clearly formulated and do not shoa link to the conceptual teaching strategies she
mentioned earlier. Her knowledge in this areataflent understandingas seen as basic and

she was scoredtao.

4.4.3.5.4 Summary of Ms D u b enitial PGK

Table4.10 simmarisesMsDu b e 6s i ni ti al PCK t hat she revea

professional development intervention.
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Table 4.10

A summary of the observations madeMvsDu be 6s i ni ti al PCK wusing
Average score
Component of PCK 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 s t u d ehimkirg 6 2
2.3
Overall initial PCK 24
MsDubesbés overall i nitial PCK was consi

the r

der ed

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 developiaglowest score was in the

component of knowledge and skills related to the conceptual teaching strategies.

4.4.3.6 PCK Revealed inMr F a k u d zeegbestioraire

4.4.3.6.1 Curricular Saliency

Mr Fakudze wagpromptedto list the most important concepts he would addressglinis

teaching offiextraction of metiad Mr Fakudze listedi Des cr i be

n a tmetal e

met a

ores and identify native metalBitroduce the reactivity series that metals are arranged in

order of their reactivity and that metals at the top are higklgctive Relate the reactivity

series withthe extraction of each metal,and AExplain that metals at the bottom of the
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reactivity ® r i es are obtained in theirAltmpuhts state
response wasot well formulated, it wasinderstandble Although sequencing was evident
and some appropriate ideas were mentioned, more than one important idea was missing.

Figure 4.3 showsthaMr Fakudz e 6 s Kk n o wWwas Hagigandiassughhe was ar e a

scored dwo.
Figure 4.33
Rubric extract showing Mr Fakudzeb6s | imited know
Component Limited (1) Basic (2) Developing (3) Exemplary (4)
prompts
C51 - Namethe -Learning - Appropriate ideas - Appropriate ideas -Appropriate ideas
four most outcomes are are identified but are identified butan | identified
important simply repeated; || more than one importantideais - Identifies ideas that
CONCEPLS you rephrased. importantideais missing focuson
wnuldaddrgss - noevidence of || missing -referenceto the understanding of both
when teaching . . L
“extraction of SEQUENCING -referencetoone of | | two bigideas the bigideas.
metals” the bigideas -SEQUENCING is -sequencingis evident
-evidence of evident
sequencingis prese

When asked which concepts needed to be taught to learners before tlué fiegtcaction of

metal®, Mr Fakudzementioned Urfieactive metals such as gold and silver occur in their

ores as element©Ores of other metals appear as compouriggplain that ompounds of

more reactive metals in the reactivity series need costly methods like eleabrofrsis

AExpl ain that compounds od0 ltelsesy rreaaete ¥ er enc |
ideas mentioned armappropriate as they do not constitute fire-conceptsrequired by

students to understand the topic. They make up part afethvéknowledge that students will

gain while teachingthe topic Mr F a k u d z e 0 s indicaestipabhis kmowledge in this

area is limited, and he@asscored ane

Mr Fakudzeagreedwith the inclusion of environmental issues into EB@CSEcurriculum.

He saidthat filearners need to know ... thahvironmental issues a@mmon in nowadays
and an issuef global importanceas human behaviour towards the environmentseau
har m t o t h e Higraspanse & well articulateand 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 developiagd as such he was scoedthree.

When asked why it is important for students to know about the big it&asakudze
responded by saying that learners medd know thati mi n i rlogpgtemna effects on the
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environment and it takes yeEermspisegventbfMe envi

Fakudze does not show evidence of his understanding lobw these effects on the
environment are linked to societal issuksalso doesiot indicate the knowledge and skills
needed by students and the role they play in minimising thes®emental 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 &ategies

When selecting teaching strategies that would be employed during his teaching of the big
ideas,Mr Fakudze opted to usefes i t e v i s iirbn otemi INfglianech byy aeport
writing and a class discussion for both Baga A and B. His response does rinticate

what he expects learnets write. He did mention that during the discussithre stulents
woul d dwha could lsave fbeen done to solve the issues at Ngvwemyare mi n.e 0
This strategy is considered general as there is icguiti evidenceof learner involvement.

He did notjustify his choiceand as sucthe was scored @ne as his knowledge of teaching

strategies was found to be limited.

When asked about thaigstions thahe considers importanwhen teaching the Bifgeas, he
grouped his questions based ontwo idfawat er pascioou s andthag&icwnt ¢ € & g
downof t r ees .fFigure 4f3dishovwesuhe gudsiions he would ask.

Figure 4.34

Questions that Mr Fakudze considers important to ask during his teaching

What questions, related to environmental sustainability, would you consider important to ask
your learners during your teaching? Think of questions aimed at conceptual development and

reasoning.
I always make an example of water as our precious resources.

1. How would you cope if water would be finished in the area and had nowhere to run to?

2. What are you doing now to conserve water and make sure so that I last for years?
I also relate to cutting down of trees for firewood as it is a common problem in the area.

1. wWhat would happen if you continue cutting down trees for firewood?
2. What solutions are you employing to solve the issue of firewood in the area so that we

can have trees for future generations?

Although he did not explicitly mention Bitdea A, the questionsreferring to water as a

precious resource and the cutting of trees cbaldelated to Bigdea A since water and trees
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are considered natural resourcébere were no questions pertaining to Bigga B in his

response. Despite this, therasvevidence of questiomsquiring problerssolving skills and

if the two resources, water and trees, are looked at independently, sequencing of the questions
isevidentMrFakudzebds knowledge in the areandof qu.
as suchhe was scored three Figure 4.3 shows the rubric blocks and the indicators for the

level.

Figure 4.35

Rubric extract showing Mr Fakudzebs scores for t

Strategies
CTS2 - What - Questions listed | - Questions asked are |[- Questions asked are| | - Questions asked are
questions, related | are not specificto | related to one of the related to both the related to both the key
to environmental | the key ideas key ideas key ideas ideas
sustainability (ES), | _ questions are - No evidence of - Evidence of - Evidence of questions
WO“',d you general questions that questions that that require critical
.ConSIder - Sequencing is require higher order require higher order || thinking and problem
important to ask . o o .
your learners not evident thinking and problem || thinking but not solving
during your solving skills problem solving skills | | - Sequencing of
teaching? - Sequencing is - Sequencing is questions is evident

evident evident

Mr. Fakudze stated that he would usesticker and pictures as representations to enhance
studenté understanding of the big idedsor Big Idea A, a sticker witla statement written,

At h r oplastics gsing a window is a crime, it can resné fine of E50 so help protect the

envi r owauld betused as an example of how Bsavatini Environmental Bthority

tries to protect the endnment and conserve resourdds. describes that after shimg the

students the stickehe would ask temtonamefi nat ur al resources they
can be c. &orBigldea 8 tiedwould useictures of lochmines and would make
students awarethdtd ue t o mi ni ng very lichis@gteeatpoipeéople wer e
and animalsliv ng i n dndifie tahraeta ot her e was vegetation g
but it was destroyed for the resourcesn his responseMr Fakudze mentions only two
representationsAlthough hedescribechow these representations would be uskeere was
insufficient evideoe of how they wouldupport conceptual developmeMmr Fakudze did
notjustify the choice of these representations; as such, his knowledge in this area was seen as

basic and he&vasscaeda two.

111



When indicating the assessnt method he would usklr Fakudzerespondedby providinga

guestion he would ask the learnelde statediex pl ain the effects (o
environment bei ng v e dAkhough theognestionl walimletd ta thed wat e
topic, the responsealid not include anyevidence of how the question would be given to

learners or even what thevould be expected to délis assessment method was seen to be

general thereforehe was scored g as his kowledge was fountb be basic
4.4.3.6.3 StudentUnderstanding

When asked about the difficulties he encounters when teaching aboutdzgA, Mr

Fakudze statethat student$i c o mftwist h envi r on menFordBigldea®n s er v a
he mentionedhat his school does nalwayspermit for students to visit local mines, thus

making it difficult to teach about this idea. Although teeponse was not clearly formtae

his difficulty for Big Idea A was appropriate as it refers to students' actual misunderstanding

The difficulty hementioned for Bigldea B was a contextual constraint adid not reveal

knowledge of studest&hinking. Mr Fakudze could also notgive reasons forthese

difficulties, and as suchhis knowledgeof the difficulties was found to be basiand he was

scoreda two.

In response to the question on tlgpical misconceptionke faced when teaching about Big
Ideas A and B, he sa&lt u d bave tlse cdnhcept thatstonly mining[that] has effects on
the depletiorof naturalr e s o u. Alth@ugh@ potential misconception was identified, the
responsewas not clearly formulatedAs such his knowledge of common studet
misconceptions was scoredveo, as it was found to be basic

When asked about thquestions he would use to access student thinkifrg Fakudze

responded with the questioh e x pl ai n how milomgterny effecaon the av e a
environment and.Althaughutmeaulestiohe gavewmasciearlp formulated,

he did not reveadny intention of asking other questions, and as such, hecoesda one.

4.4.3.6.4 Summary of Mr Fakudzed snitidl PCK

Table 4.11shows a summary &fir Fakudzé s tial RCK he revealed before undergoing the
professional development intervention. The table shbestores allocated to thesponses

given byMr Fakudze.
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Table 4.11

A summary of the observations madeMvmFa kudzeds initial PCK wusing t
Overall score
Component of PCK 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
20
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
MrFakudzeds overall initial PCK was consider

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 retatgddent

understanding.

4.5 A Summary of the Analysis of Quality of the Teacher®Initial Topic-specific PCK

In the tablegTables 4.6, 4.7, 4.8, 4.9, 4.10, and 4,&3ch sulcomponenh s o ut ¢ o me
(component promptyas scored using the rubfar eachparticipant.The averages for each
component were then calculated to get scores forle@ehcomponentin this summary

only the PCK component scores for each participant are shown. This wasodocompare

the scores for each PCK component for the sigliersA summaryof the analysis of the

teacher sé6 r eBGKahbrisisgvenngable 4.12t h e
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Table 4.12

A summary of the anal ysi s PGKrubtiche teachersé respc

Score
Component of PCK Mrs Mrs Mr Mr Ms Mr
Zikalala | Dlamini | Mavuso | Cele Dube 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 teacher desponsedo these questions gave much insight into the initial PCK of the
teachersThe same questionnaire was administered to the teachers after the intervention and
the responses were used together widsaon plan to determine the teachéral PCK.The
responses from thare-interventionquestionnaire werkater compared to the responses of the
postinterventionquestionnairendused to determine whether the intervention did or did not
develop the teacherBCK about environmental sustainability.

4.6 Chapter Summary

This chapter presented the findings from the data collected before the commencement of the
professional developmenttarvention.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 sustainabilityEg8id Regardingwhat SD
advocates fig there was unanimous agreement on six of the twelve statements. These
statements were amtenance of biodiversitygonservation of natural resourcegcycling

waste products, the alance between use and regatien of renewable resources,
preservatiorand restration of the environment andqgtecting 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 ddwdst arisen fronstatements that
referred to the social aspects of SMhen prompted on their understanding of ESD, there
wasevidence of only one of the eigstatements where there was unanimous agreement. This
was that ESD includes all three spheres of sustainabilityec@nomy, envonment and
society. Three of the six participants weresure whether ESD was student centred and two

of the six were usure whether ESD promotes participatory learning and higher order
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thinking skills. Three teachers were eithensure or disagreed th&SD is locally relevant
and culturally appropriaté=rom these findingsit was evident that the teachers had more
uncertainties about ESihan SD. According toBurmeister and Eilks (2013jhe effective
integration of sustainability into a lesson reli@s the teachers' knowledge of ESD. This
suggestedo the researcher that tHeDIl needed a session whereby the teachers would be

exposed to ESD.

I n the teachersé responses to the questions
wasBig IdeaA, 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
teachementionedthe extraction of metalsyet fourt eacher s chose the top
the most suitable for addressing sustainability issues. Thes®nssp showed that the

teachers were familiar with the big ideas; conserving resources and the environmental impact

of mining. This findingassured the researctbat an appropriate topic, extraction of metals,

was chosen for the study.

The second questionire was the pretervention questionnaire which gave an
understanding of the gari ¢ i p a nt s 6. The findings #dm eack @alkicipant were
presented separately and compared in a summary tablellates found that alteachers
hada basic initial PCK, except fdvirs Zikakala who was found to have a developing PCK.
When analysing their PCK per component, it was revealed th#heateachershad the
highest scores in thenowledge and skillcomponentrelated to curricular saliencyrs
Zikalala, Mrs Dlamini andMs Dube had their lowest scores in the component of conceptual
teaching strategieandMr Mavuso,Mr Cele andVIr Fakudze had their lowest scores in the
component of student understandifidhe varying scores of the teachensthe 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 pointfor the data collection thdook place during the course thfe study. It also
presens the findings from the data that was collected frthra interviews that tok place

during the intervention.
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5 CHAPTERS
THE INTERVENTION

5.1 Overview

This chapter focuses on the Professiddevelopment Interention (PDI) conducted witthe

six teachers participating in the study. The chapter starts with a descripttbe design,

structure anatontentof the online presentation of the interventidhe chaptethenpresents

the data from té interviewsconductedduring the interventionThe data from the first

interview provides evidenc&ft he t eachersé6 knowledge of the
through the teachedrsesponses to the questions enquiring intottheac her s6 vi ews
sustainability ad education for sustainability. The data from the second and third interview
provide evidence related to the teachersd k
teaching strategies and student understandfntipe topic of environmntal sustainability.

The data collected throughhd interviewssupplemerddt he t eacher sd r espc

guestionnaire and assstin answering the following research questions:

1. What are chemistry teachersdé views about
sustainability?
2. What is the nature of personal togigecific PCK about extraction of metals with big

ideas related to environment al sustainabi
to the PDI?

3. What is the nature of personal togigecific PCK aboextraction of metals with big
ideas related to environment al sustainabi
the PDI?

4. How does a professional development intervention influence the development of an
experienced chemistry teactetopicspecific PCK ortheextraction of metals?

The chapter will end with a summary.

5.2 Thelntervention

Over the years, the requirements for learnaye been changing. Learning is becoming
deeper, more complicated and sophisticated. This means the denmndhe teacher
competencies that teachers need to devétopeach in the 21 century ha intensified.
Teacher educators ambligatedto look into ways of helping teachers develtese21™
century competencig®arlinggHammondet al., 20¥). Those teachers in servicenstantly
needways to learn new ways of teachiagddevelop their PCK as a whole. PCK is a key
component of successful teaching (l€lenann, 2013). Grossman (1990) states that

teachets PCK can develop from various sourcédthough Friedrichsen (2009) stated
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professional development prograres as a source of subject matter knowledge for teachers,
the same can be expecteflPCK. Education for sustainable development is a cortbapt

sees a change from traditional forms e&dhing to more contemporary, studeentred
teaching. This studgimedto find howchemistry teachers reveal their personal PCK about
environmental sustainability through planning a lessomherextraction of metals ahhow

this PCK can be developed. &hresearcher 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 TheDesign

The design the researcher chose for this intervention was based on the objectives the
researcher hoped to achieve. As seen in the research questions abatedytmeainly
invedigated how exposure to an intervention could affect the teadtwenssfer ofPCK from

cPCK to pPCK, and fronpPCK to the ePCK. The interventidocused on developing
teacher8 personal PCK about environmental sustainabilitfie intervention exposed the
teachers to relevant sustainability issues, the concept of education for sustainable
development, and how the components of PCK could thelm plan an effective lessaoy
exploring some attributes of a good teacher. AccagrtbrLin (2006) ateached professional
developmentopportunitiescould be in the form of seminars, workshops, professional
dialogues, curriculum development megs, peer classroom observatanmd peer coaching.
Although the intervention was initialljupposed to bfaceto-face it was later adapted &n

online format because @OVID-19 regulations.

5.2.2 The Structure

The professional development intervention comprised fouRQl3ninute online training
sessions. The sessions wir¢he form ofnarrated BwerRoint presentatiomwhich were sent
to the participants via email. This format was chosen instead efimealonline Google or
Zoom meetings because schools were clakethg the interventionand most participants
did not have access to a stableinet connectian

The frstand second sessions focused on devel opi
curricular saliency of the topic of environmental sustainability by focusing on a lessba on
extraction of metals. The firgession coveredustainability issuesonsidered relevant to
studentsandthose directly or indirectly linked tihe extraction of metals. The second session

exposed teachers t©SD andexplored how a teacher could use their current syllabus to
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incorporate sustainabilityissues. The third session focused on developing tedchers
understandingof student thinking and learning. The fourth and final session explored
conceptual teaching strategiesvhich could be used wheplanning a lesson with
environmental sustainabiligndpedagogical reasoning mind. This training happened after

the researcher had establishedandtBSOanddeac her s 0
baseline PCK about the teaching tbe extraction of metals, with an infused element of

environmental gstainability

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 knowl e dngeptuabteachmgtrategiex antl students al i e
understandingbout the topic. Thentervention content was therefore aligned to these PCK
componentste nhance the teachersd knowledge in thi
the intervention to compatead e r s 6 i nbieforethe IPDIPa@dKfinal PCK (after the

PDI).

5.2.3.1 Session1

The researchertarted this sessioby reviewing theattributes of a good teacher. These
attributes relate tothe components of PCK everyday terminologyas the researcher did not
want to overwhelm participants with big words and definitiofsble 5.1 shows how the

attributes of a good teacher were aligned to the components of PCK

Table 5.1

Alignment of compnents of PCK and attributes of a good teacher

Component of PCK  Attributes of a good teacher

Know the curriculum

Know what students have been taught previously

Know about issues that are relevant to the students
Know how to select teaching methods that will prom
meaningful learning

Know how to select teaching aids and resources that
help the students understand

Know what interests the students have

Know what ideas the students have about scien
concepts

Know how to connect concepts to help students underst

CurricularSaliency

Conceptual Teachin
Strategies

Student Understandin
of Science

T  ToTo  To  To o I»Ix
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Component of PCK

Attributes of a good teacher

Integration betweer
PCK Components

Pedagogical Reasonin

A Know how to adjust instruction based on student learnir

A Be able to interconnect and use all this knowledge tker
teaching most effective

A 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 studentandis related to knowledge about the curricular saliency of the topic.

This attribute allowed the researcher to introdiieeteachers to global issueshich under

sustainable development can be grouped into economic, societal or environsseetl he

resarcher 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 isscassed by miningesources. Figure.bdepictsone

of the slides in this sessi@howing the environmental impacts of mining

Figure 5.1

Environmental impacts of mining from the Session 1 presentation

BEFORE |

Loss of habitats/loss of
biodiversity

Acid water pollution

Mining for resources has a number of environmental impacts

On this particular slidethe researcher was discussing the environmental impacts of mining.

The focus orthe environmental impacts of mining wascausehe studyaimed to determine

the teachersdé PCK about envi

ronment al

sust ai

abou the syllabus topidiExtraction of metald The researcher chose to use this topic

throughout the interventionfocusing on the outcomes (big ideas) dealing with the
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fienvironmental impact omi n i angd iiconservation of resouraesas these gave the
reseacher 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 thstdpsto
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 seond session started withbaief account of the link between Sustainable Development
(SD) and ESD, usg Sustainable Devepment Goal (SDG) Number 4,emphasisingjuality
education. The session quickly moveadto the characteristics of ESD, some of which were
later used inSession 4 to guide teacheirs selectingappropriate teaching strategies. The
teachers were then showrmow to identify sustainability issues @topic inthe existing
Physical Science curriculum and asked to do the same in another topic. Thisnedsy
analysing the learning outcomes statedhi@ syllabus and identifying themes and issofes
SD. This exercise was linked to the attrilsutd a good teacher aligned the teachets
knowledge of curricular saliency, which giathat a good teacher should be able to identify
issues relevant to ¢hstudents. Figure Bdepictsa screenshot of the slide that paid attention

to the learmg outcomes under the tom€the etraction of metals.

Figure 5.2

How to identify themes and issues of sustainghilithe existing syllabus

Relevant issues can be found in the existing curriculum

1) look closely at your existing curricula syllabi to identify where
themes and issues of ESD are already included

C10.3 Extraction of metals

1. describe the ease in obtaining metals from their ores by relating the elements to the
reactivity series.

2. name metals that occur native including copper and gold

3. name the main ores of aluminium, copper and iron

4. describe the essential reactions in the extraction of iron in the Blast Furnace

5. outline the manufacture of aluminium from pure aluminium oxide using electrolysis

6. describe the importance of conserving resources

7. describe the environmental impact of the mining and extraction of metals on vegetation,
human beings and animals

Environmental issues that could be discussed:
- Loss of biodiversity/habitats

-Land degradation

- Acid drainage into water sources

-Human settlement

- Deforestation
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Once theibig idea® were identified, the researchfecused on teachdrawarenesghat there

are questions that a teacher shoastt themselves before teaching the content (relating to

curricular saliency)Thescreenshot from the presentation shows the questions that a teacher
should asKFigure 53).

Figure 5.3

A scr

eenshot from Session 2 with

Concept: Conservation of resources \/

What do | want
my learners to
know about this
idea?

Why is it important
for my students to
know this?

What needs to be
taught before |
teach thisidea?

guestions wused

These quegins from the Loughran etl. (2012) CoRe are used to help researchesssa a

teache@s knowledge and skills related to curricular saliency. Since this is a PDI focused on

enhancing a teacherodés PCK

about

envi

ronment

based the PDI content on the components of PCK. However, as explained barigmase

fipedagogical content knowledgandthe PCK terminologywas initially not used to avoid

confusing teachers with unfamiliar terminologyhe session continued to guide teachers on

how to answer these questions using the example dibilgeidea of the conservation of

resources.
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5.2.3.3 Session 3

This session was based B&K components three and four; knowledge and skills related to
studens @nderstanding ofcience and integration between PCHKnponents (adjusting
instructional moves based on studieatrning of concepts)he components discussed in this
session focted 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 thee components together @Student understandingThis sessiormphasised the

i mportance of a t e a cohigentifyisg asdkackholvledgiregvatiatibthe o wl e «
in student learning and eliciting and assessing student difficulties and misconseptien
session looked at questioning as a method of eliciting student thinking. Examples of
guestions in line withhe etraction of metals, which could be asked befdgingand after

the lesson, were discusséddhe researcher used a slide (Figure ®5how the teachers how

to use Bloonds 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 Bloombs taxonomy when pl a

Questions

* Remembering - Recall the impacts of mining on the
environment

* Understanding - Describe how land clearing/
deforestation can lead to loss of habitats

* Applying - Solve the problem of acid drainage/water
pollution

* Analyzing - Compare the effects of mining on plants and
on animals

* Creating - Design a reclamation plan for the Ngwenya
mine
* Evaluating - Defend the statement ‘the economic gains of
mining outweigh its environmental impact’

The third session also looked at some misconceptions and common learseswernaminding

the topicandsome 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 studentstruggle to understanthe concept. These ggestions included teaclser
slowing down their pace, providing more visual aid®d providingwritten and oral

directions.

5.2.3.4 Session 4

This sessionwhich was also the final sessjomas basedn the PCK cmponents focusing
on knowledge and skills related to conceptual teaching strategigseaiagogical reasoning.
It startedby highlighting the importace of choosing teaching strategé®d representations
to enhance student understanding and promote meaningful learning. adrerse were
reminded of the characteristics of ESD they were exposed to in the second Sesssen.
characteristicsincluded: allowing a learner to be creative, thinkg critically, askng
guestions, analysg local context and making decisions, beng studentcentred, and
promotng higher order thinking ang@roblemsolving skills. A recommendation was given
for teachers ta@onsider these characteristishien selecting their teaching strategies. They
were also given the example of infusing probleased larning into class discussions, issue
analysis, inquiry and simulationsTeachers were als@rovided with examples of
representations they could use when teachimguthe impact of mining. Figure 5.shows

the slide on representations.

Figure 5.5

Examples of representations that could be used when teaching

Select representations (teaching aids and resources)
that will help the students understand

* Representations are the visual aids that you use to help
students understand. E.g. photographs, diagrams, tables,
charts, models, symbols, formulae and equations

* Foralesson on the impacts of mining on the environment,
you could start my lesson with:

- a picture of a deserted mine...

- a table comparing pollutant levels in a river before and
during mining...

- a chart showing animal species in numbers before and after
land clearing for mining...

- a model of a mine...

* During the lesson you could use symbols, formulae and
equations to show reactions that take place
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Like in the other sessions, teachers were asked to reflect on or think abaontant they

had been given. Figure@shows a slide in this session where teachene asked to think

about how ESD could affect the assessment methods, especially because ESD encourages
higherorder thinking.

Figure 5.6

A reflection orassessment methods that require deeper thinking

Something to think about?

How do you think ESD influences the assessment of student learning?

H.O.T.S

Higher Order
Thinking Skills

Portfolio

Research
reports

Teachers werencouragedo alsouse assessments that require critical reasamdgoriginal
work by the pupil such asessays, projects, speechpgrtfolios, research reports and multi
media presentati@n

The session continued to introduce teachers to the concept of pedagogical reasoning.
teache’s mind is constantly workindiguring out what to teach, when, wiand finally, how
to teach it.Pedagogical reasoning takes place during all phases ak#leng process,
before, during and after the less®herefore, 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 tatshtsachers the knowledge

bases that are necessary for effective teaching.
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Figure 5.7

Knowledge required for effective teaching on sustainability issues

Pedagogical reasoning relies on a teachers ability to interconnect
and use all this knowledge to make teaching most effective

Knowledge
of
sustainability
issues Knowledge

Knowledge of learners

of
curriculum

prior
knowledge

Knowledge
of
instructional
strategies

Knowledge
of learners
conceptions
Knowledge
of

representations

The fourth session ended wath introduction ofthe construcPCK (Figure 58). To bring the
intervention to a closehe researcheexplained that teachér®CK is determined by their
ability to:

1 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 tearning
recognise and engage studentsd prior know
adjust instruction based on student learning, and

1 interconnecthe components of PCK and justtfye choice of teaching moves

= =4 A

These competencies are aligiveith the components of PCK.
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Figure 5.8

The revelation of the consnuof PCK

Teachingis an art

* What you have learned in these four sessions has developed
your skills in this art

* The knowledge and skills that are needed for teaching have a
special term:

Pedagogical
o Content
o‘
Q Knowledge
— (PCK)

b'

5.2.4 The Online Resentation of the?DI

Before the commencement of the interventidme researchephonedthe participants to
explain how and why the study had changed. The study had changed becauseQfiibe

19 pandemicwhich resulted in the closure of schools and restrictions surimginide ease

and safety of facéo-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 thelys was given by
participants, the researcher asked the participants for their active email addresses. These
addresses were integral as the intervention compniaedted PowerPoint presentaticesnt

to the participants via email.

Table 5.1 shows the contents of #ails sent to the participants and what was expected of
the participants after each emdihis table is very similar to the timeline that was sent to the
teachers in the fird®DI email. The first email also containadresource 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 ddailed account of the delivery of the intervention

Date Content of the email What is expected of the
participant?

Week1 Emaill
- Resource pack 1. look through the timeline
- PDI timeline 2. browse through the
contents of the resource pac
Week 2 Email 2
- Session 1 3. watch PDg&ssion 1
4. contactthe researcher
oncethe session has been
completed to set up the
telephone interview (1)
Week 3 Email 3

- Session 2 5. watch PDg&ssion 2

- Session 3 6. watch PD&ssion 3

*The researcher use@hatsAppto contact the 7. contactthe researcher for

participants to check on their progress. the telephone interview (2)
Week 4 Email 4

- Session 4 8. watch PDg&ession 4

9. alertthe researcher that all
sessions have been
completed
Week5 Email 5
- Prequestionnaire that participant had responded to 10. modify answers othe

before the PDI guestionnaire in light of new

- Lesson planning template knowledge and send the
questionnaire back to the
reseacher

11. plan a lesson oithe
impact of mining and send
the lesson plan to the
researcher
Week 6 Once the questionnaire and lesson plandime impact
of mining have been received, the researcher set up ¢ 12. Beavailable for a
telephone interview with participants telephone interview

Each emaikontained a list of attachmerntgluded in the emaéknddetailed 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 tihmerview data that was collected

during the interventio. Three interviews were conducted: the first one was after the first
session, the second interview was after the second and third seasmrthethird one was
conductedafterthe intervention was over. These interviews served to support the answering

of the research questior@nly the responses from the first interview will be discussed in this
chapter as the information given to the participaum the first session of the PDI was linked

to the first research questionhd& responses from the first interview will be presented under

the subheadi ng: Chemistry teacherso Views abo
sustainability.These responsestwgi ve i nf or mati on on the teactl

curricular saliency of the topic

5.3 Chemistry T e a ¢ h e r sldout Bustaivalility and Education for Sustainability
after the PDI

Teachersdéd views about sust ai weelelicited agaioneend e du
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 interventrbich introduced the

teachers to the concepts of Sustainable Deweent and Education for Sustainable
Development. The responsaetherefore referred to as the p&dDl Session 1 intervention

views of teachergsoncerningsustainability and education for sustainability. The researcher
thought this was the most appriape interview timeas the following three sessions focused
mainlyon devel opi ng abbueendirenmental sustaidabiliB/ ClKe responses

from this interview reveal the teach@ksnowledge about the curricular saliency of the topic

as the questns sought teaché&rviews on the importance of students learning about
sustainability and the relevance of sustainability issuebdmistry,andthe issues that could

potentially be discussed while teaching content from the cuE&@SE physical sciene

syllabus. The responses also revealed the teachedagogical reasoning about the
knowledge needed to teachclaemistry topic infused with elements of sustainability. The
guestion that focused on reasoning asked teachers whether they thought it @réesnintp

undergo professional development to help them understand how to educate for sustainability
and what they thought the content of the tr:
be discussed separately, starting with their knowledge oficalar saliency about
environmental sustainability and then their pedagogical reasoning about what knoaledge

teacher requiret® teach this topic.
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531 MrsZi k a |Redpanges
Mrs Zikalala thought it was important for students to learn about sustainabiétyreason
wasthatii t all ows them to be responsible for t]|

vi sion to the sustainable future that we ar e

The topics in chemistry that she chose as being suitable for addressing susyaissids
weretheproduction of energy, redox reactions, criteria for puttigenergetics of a reaction,

mining and its impact, acids, bases and salts, electricity and chemistrynatals and

organic chemistryMrs Zikalala explained that her list looks extensive because all new topics
requrei pr erequi site knowledge for them to unde
c o n t s»shie bighlighted those too.

The sustainability issues that she thought would be deiteor the chemistry topicsshe
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. Herecommendabns for the training we based orenhanci ng teac
knowledge of curricular saliency and conceptual teaching strategies about the topic of
environmental sustainability. She propogkdt the training starts with ami nt roo tbu c t

the sustainabl e ahdhedadlowgdng the sustamabititie ol &l | enge s
that we face and the sustainabéelopment goals. She emphasitfegl need for teachers to

be made aware aiwher e it (sustainabl ewhdtasvitelreagpmme nt )
behind it why should it be Sheadoimgueda descdbei nt o
the need for teacherstobet aught met hods of integrating th
t he c ur andemphasisdiiot e a ¢ h i n dpat wilkendble thesm td incorporate the
concept into al/l t .nShe eddedhef respanse twithie iddn jthatache ar e a
teachers might already know some of the methods.

5.3.2 MrsDI| a miRespanhses

Mrs Dlamini believedthat students mudiearn about sustainability and sustainability issues.
She found iimportantbecausehe studenttad to be taughtow to keep the environment in

its present tate for future generations. Although she did not elaborate much on the

environmental aspect stistainability, she did mention some social issues in her reason.
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Aso they can | ive in peace withogehderi nequa
based violence, teach them not to discriminate and maybe ‘veakhbecause

chemistry talks aboyiroducing chemicalé

When asked about the topics iretphysical scienc&EGCSE syllabus that she thought could
allow the incorporation of sustainability issues, she replied:

Ar enewa bl eneaabld resowces, environmental impacts of mining;- non
medals when we talk about land, water and air pollution... we can atkb..ahm..

manufacture of products but that is not s

When prompted in the interview about which sustainability issues/shkel incorporate into
these isues,she hesitated and sailit he | ssue of soci,esdmaybe. it

i ssues of health and .di seases are in other S

This answer shows thars 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 pradésigorlopment to implement
ESD. When prompted on theontent and structure of sudhaining, she identified that
knowingfi h ow t o wowddhelph whenttagaching sustainability anther topics. She

alsomentioned the need to creatgareness about sastability issues and said:

what is affecting us like pollution, those issues that we can segdasewor 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 catewquality (Mrs Dlamini)

Her response revealed her reasoningcerningthe need for knowledge about conceptual

teaching strategies and some aspects of curricular saliency.

5.3.3 Mr Mavusds Responses
In response to the question on whetheithought it wasmportant forstudents to learn about

sustainability and sustainability issud&, Mavuso agreedsaying:

APersonally | think it is important, they are relevant to challenges that we face inside
the classroomand that means the learners will be equippadvays to tackle those
problemso
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The topics thatMr Mavuso thought would be suitabléor addressing sustainability were

Aexperi mental techniques, chemical reactions

When prompted about tiseistainability issues that fi@und relevant for incorporation into

the topics that he mentioned, he responded:

| would include economic development because mostly when you are conducting a
chemistry lessarthere are ways in which you can install an economic issue to the
students, seconomy can be a relevant issééso, another issue is global warming

and climate changgMr Mavuso)

Mr Mavuso agreed thatit was important for teachers to be trained to incorporate
sustainability into their teachingVhen asked what he had in mindncerningthe structure

and content ofraining for teachers, he pointed out that he was interested in

Ahow to incorporate sustainability in each and every lesson, especially into topics
whereit is difficult to place itd

Although his response revealsdme reasoning, it was not elaborate enougideatify
which knowledge of theomponents of PCK he would have liked to enhance.

5.3.4 Mr Ce | Reépsnses

When asked whether he thought it was important for students to learn about sustainability and
sustainabiliy issues, he staatl by linking sustainability, environmental protection and
development. He thesaid he believed that sustainabHiglated issuegmpaceds t udent s 6
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,
S0 because whatever happens to the environment can eitherah@aood or bad
impact...so for sustainabilitythey need to be aware of the positive and negatie

Cele)

The sustainability issues thaddlr Cele describes as being relevant to chemistry are
environmental toxicology, biodiversity, disposal of waste eaycling. When sked which

topics in the EGCSEhysical 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 nek professional developmentis suggestion for
professional development trainirigr in-service teacherwas to useil wh a t we have
using all along in the education systemorkshopswith their items now considering
sustainabilityd His response did not reveal a need for teachers to enhance their knowledge in

any of the PCK components.

5.3.5 MsD u bseRésponses

Ms Dube states that it is important for students to learn about sustainability and related issues.
Her view is that the only wayestelopment can be sustainable is if the students understand the
sustainability issueandfiappl y it She also édlidvedtthai l€aening about
sustainability could enhance their skills and make them more responsible. This is what she

said

fithis would help them to develop someoblemsolving skills that will make them
aware thatther actions and decisions affect the environment or ... all in all | think it
will help them become responsible adults and contribute to a sustainably developed

community or countrp

When asked what she thought of teachesskey agents in implementirgducation for
sustainability, she saiditeacherscan be key agents but they would have to work hand in

hand with the studeris f a mActordegtoMsDube, t he teachersdé mai
knowledge about sustainability and its relevant issues to the studentsel@hvesthatii t h e
application of the knowledge would have to take place in their everyday lives, outside the
schoobandit he parents come in when they (student
t hey hav &he gantinmes  explain why teachers are better suited to teach about
sustainability. She states that teachers are equipped with an understandihghaferertd

types of andl which teachirsgomethods and teaching aids will help them best

understand sustainable development.

Ms Dubeholds thatsustainability issues are indeed relevant to the subjedttevhistry. The

topics that she thought gave aodopportunity to discuss these issues witre extraction of

metals (which is a subtopic under meta#®),(which is a subtopic under nanetals),fuels,

alcohols and macromolecules (which fall under the subtopic organic chemistry). When listing
these opics, she refeed to some issues that she would discuss, sucliase sour c e

conser aati @n @ o.Whan prongpted further for other issyeke continues to
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say,iThe global issues thatthink we can discuss are land pollution, deforestatgiabal

war ming and c¢cli mate change, air pollution.

She agreed when asked whether teachers need to undergo professional development on
education for sustainable developmeithen suggesting what the teachéraining would
looklike, she described tdswlowsont ent of the ficour

They have to first explain what education for sustainable developmenttsis
characteristics Then once they have done that, they should discuss ways in which the
teacher can connect the concept safstainable development to chemistry to help
learners understand how the teachers can link syllabus topics to sustainable
development and sustainability issu@ds Dube)

This response reveals pedagogical reasoningdetatisthe knowledge about the asjs of

curricular saliency she hopes to gain.

Sheaddsthatit eachers can be helped with teaching
l earni ng on s u sSheaals;mentions ithe yeedi far seackess.toobe provided
wi t thachifg aids and resotes that will help the students understand sustainability

issuee. She also gives an example of such resol

[They must provide] avorksheet that can guide us with examples on how we can
incorporate the social, economic and environmentdues into the syllabuysa
worksheet with questions where students will answer up until they reach an
understanding of whatever concept is being discussed under the sustainability
issuegMs Dube)

MsDubebs pedagogi cal r e a s oinks teaghe®kaowladgeaaf n  r e v

conceptual teaching strategies to student thinking.

5.3.6 Mr F a k u dRespdnses

Mr Fakudzebelievesthat it is essentialfor students to learn about sustainability and
sustainability issues. His reasamas thatfi s u st ai n aibsuel of great consern these

d a y. Bléalso states that students should be introduced to sustainability as early as primary
school, adiit can result in a greater change and it can create a lot of awareness to our

students so that they can know aboutsustea bi | i ty as early as possi
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When listing the topicshe found suitable for integrating into sustainability issues, Mr

Fakudze mentioned the topics a&hd issus he could incorporatéde said:

[We can incorporate] manic chemistry, where we talk abduels such as petroleum,
all the fuels that cause global warming. Alae@ have nommetals which are addressing
the polutants in the air such as sulf dioxide and nitrogen oxide and also we have
another topic which includes macromolecules, such ashmigtwhich are our plastics

that are polluting our land(Mr Fakudze)

He agreeswith the notion of teacherandergoing professional training in educating for
sustainability. The training, according Mr Fakudze should focus ang | o b a | war mi ng
climatec h a n. ¢lis deason is that these two issues, which are sustainability issies a
explicitly mentioned in the chemistry section of thHeysical science syllabus and he has
difficulty when teaching them. Althoughir Fak udzeds responsect di d n
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, | startedvith a detailed description of the professional development
interventiont hat was given to the six participating
responses to the first interviemonductedduring the intervention. My reason was to find the

teacher8 views about sustainability and education for sustainability aftey had been

through a session about these concepts.

Analysis of the teachebsresponses revealed that all participabtdieved that it was
important for students to learn about sustainability. These views could have been influenced
by theresearch topicas 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 wereorganic chemistry, nemetals and metals The
sustainability issues # 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 edehiers need to play in the implementation

of ESD and the need rf@rofessional development. Their suggestions for the content of the
professional development focused mainly on aspects of knowledge aboubpits
curricular saliency and conceptual teaching stratedgibss was captured in theaec her s 6

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 incorpoeatalsilit into

their teaching.

The following chapter will discuss the insights that emanated from the interactions that took
place after the interventiormhe chapter will start with a description of how the data is
presented and analysed. This will baldwed by the presentation and analysis of the
participantsd responses t o -inteneentisnegestiontairea nd f i
and the lesson plans. The chapter will end waito mpar i ng t h-eandtpesac her s
intervention pPCK about gitonmental sustainability.
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6 CHAPTERG6
POST-INTERVENTION DATA

6.1 Overview

This chapter focuses on the paserventionPCK of the participanfsduring and after they

had undergone the online professional development intervention .(P@ same
guestionnaire administered before the intervention was administered to the teachers after the
intervention. The responses to this questionndireinterview questionsanda lesson plan

were used to determine the teachpo€PCK. Theanalysis of theiresponses waaso used

to determine whether the imention contributed ttheimprovement ofeacher6 PCK about

environmental sustainability.

The researcher is aware that not all changes seen in the teacher responses can be attributed to
the intervetion. Teachers may have had some knowledge before the intervention which they
could not relate to butould make connections through the content of the intervention. There

may have been other experiences that could have contributed to the development of th
teachersé PCK. These experiences could have
Since the intervention occurred during COMIazkdown, when schools were closed, it is
reasonable to assume that most of the PCK development could be attributed to t
intervention as these teackHencher and studetgacher interactions were not possible at this

time. One limitation of this study was that, because of the CAdtRdown, the researcher
coudnotobserve the teacher s | arslatesnosePCKnndreals e e h

classroom settings.

6.2 Data Sources

As mentioned briefly abovehe postPCK and subsequentlyteacher8 PCK development

wer e i nvestigated by anal ysing t he-PDt eachet
guestionnaire and the lessq@bans they created after the interventiomhese responses

assisted in answering the third research questtbith was:

What is the nature of personal toigecific PCK about the teaching of extraction of
metals with an infused element on environmentatanability, revealed in the

teachersé planning after the PDI ?

These data soursand how they were analysed described below.
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6.2.1 Teacher®PCK,as Revealed in Responses to Interviewetions

During and after the intervention, the participants were intervieleel.data obtained from

the seond and third interviews were presented under the subsecfi@acherd new

knowledg®, and will support the data collected using the {13t questionnag and lesson

plan. The responses from the second and third intesvieav v e a | how the teache
about the curricular saliency, conceptual teaching strategies and student understanding have

changed during and after the PDI.

The researcher believeésat some of the questions asked during these interviewseelicit
information ont h e t epastHCK.Dsridg the interventionthe teachers were given
information abouthe attributes of a good teacher. These attributes were later aligned to the
comporents of PCK.The interviewquestions and the PCK component to which it could
potentially contribute, are shown below. The responses to these questidissassed in the
orderin which they wee presented to the participant.

A question from Interview #vas:

1 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 comp@uehtsis
curricular saliency, conceptual aghing strategies and student understanding, and can
therefore be analysed under these components.

A question from Interview 3 was:

1 What did you learn during this intervention that you did not know before?
(i) About the topic of sustainability aretlucating for sustainability (ESD)?
(i) About being a good teacher?

The response to the first part of this question gave information abowtitieer's knowledge
about the curricular saliency of the topltheresponse to the second part elicited infation
about any of the different components, depending on the part of the intervémion
impacted theteacher the mos#n interview wasalso conducted oncéhe researcher had
receivedthe responses to the post PDI questionnaire and the lesson plamt&rkiew
mainly aimed to clarify some of thgarticipant® r e s phe nesulissof this intervieware

discussed together with the responses.
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6.2.2 T e ac her sa9RepeRd i theddtquestionnaire

The PDI consistedf four 1520 mirute narrated presentations delivered electronically to the
participants. This PDI was collective PCK (cPCK) as it was an amalgam of contributions
regarding students' knowledgeurricular knowledge, pedagogidanowledge, assessment

knowledge and content knowledge. Details of the PDI were discussed in Chapter 5.

After the intervention was completethe researcher gave the participants a copthef
guestionnaire, with their own responses, compléefdrethe intervention.The participants
were asked to look through the questionnaire and either delete, modify do addelir
responses, in light of the new knowledgeeyttgained through the interventiofhese
responses would reveal the elements of the cPCKwibia transferred to the teacheran
pPCK.Only the changesoted by the researcher aliscussed in this sgon. The researcher
analyse the responses using tiRCK rubric (AppendixH), and scores were given. These
scores were later useal see if there was a shift in tteachers' scorder the preintervention

guestionnaire.

6.2.3 Teacher$ePCK, asRevealed in a Lesson Plan

Before the intervention, the teachers were given a resource pack which they were to go
through as a source of additibriaformation during the intervention. The resource pack
included amongst other things, a lesson plan temp{8&e Appendid) and an example

| esson plnavni room nietnht ea | e i Tingteachers wefe made awanm that on
completion of the intevention, 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 pldhe teachers we asked to add the knowletgethey

had gained during the intervention, and that was revealed during the interviews and post
guestionnaire that the researcher now considered as part of their pPCK. The lesson plan
would allow the teacher® enact this pPCKIhe teachers were askexdfocus their lesson on
Outcome Numér 6 under the topidi ®raction of metals found in the EGCSE Physical
science syllabus. The outcome states that learners should be alfidedcribe the
environmental impact of the mining and extraction of metalyegetation, human beings

and animals.
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The teachers were askeaxduse the lesson plan templ#tey were given in the resource kac

to assist in the lesson design proceBse template required the participants to specify
information such as thesson'urpose teaching methods and resources. It also allowed the
participant to describe both student and teaching activities that would occur throughout the

lessonas well as methods of assessment.

Presentation of the data revealed in the lesson plan ogndes the same components of
PCK used to present and discuss teeponses from th@ostquestionnaire curricular
saliency, conceptual teaching strategies and student understanding. Table 6.1 shows the

subheading from the lesson plan and the PCK compameler which it was discussed.

For analysis, the subheadings were linked to questions in the PCK rubric, according to the
information they eliced For example, under curricular sa
plan was linked to the questigh Whigy it important for students to know abaanservation
ofresourcesandhe i mpact of mi ni Talge 6d summigestheeubrici r o n me

guestionsused to score the components in the lesson plan.

When scoring the teactdrassumdtt hraets ptohnes etse a ct hheer sré
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 subheadings from the lesson plandathe relateccommand prompt from rubric

PCK component Subheading inthe Prompt in CoRe
lesson plan
Curricular saliency Purpose *Why is it important for students to know

aboutconserving resourceand theimpact
that mining has on the environment?

Prior knowledge *What concept(s) need to be taught to
learners before teaching them about
& Braction of metal§?

Learningoutcome(s) *Name the four most important concepts
you would address when teaching
GSEGNI OlGAzy 2F YSil
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PCK component Subheading inthe
lesson plan

Prompt in CoRe

Conceptual teaching¢ Instructional strategies

strategies

Resources

Essential questions

Teacher/student
activities

Assessment

Student Check founderstanding

understanding

*What teaching strategies would you use
to teachconserving resourcesdthe
environmental impact of minirgj/Vhy?

*What representations would you use
during your teachingonserving resources
andthe environmental impact of minirfy
Why? How?

*What questionsrelated to environmental
sustainability (ESyvould you consider
important to ask your larners during your
teaching?

*What representations would you use
during your teachingonserving resources
andthe environmental impact of miniryg
Why? How?

*What ways would you assess student
thinking and understading about
conserving resourceand the impact that
mining has on the environment?

*What questions would you use to acces:
student thinking and understanding about
conserving resourcesdthe impact that
mining has on the environmeht

Since the PCK rubric was initially designed to assess the responses to the CoRe prompts, the

rubric was adjusted fahe assessment of ePCK revealed in the lesson plan. The prompts for

the CoRe, used to design the rubrimgus on both big ideasiowever, the teachers were

asked to plan a lessamly on the impact of miningFor this reasgrsome adjustments were

made to the rubric while scoring. Firstly, any mention of conservation of resources or

sustainability in the ruloe was ignored (highlighted in red) when assessing the lesson plan.

Secondly, where the

big i dea i
anavhiyo t he
in pink). See Table 6.1.

mpact of

resour ces

were used can be

140

g u e st i(haghlighte@ in blue)oanlyg theii e x t r

miningo was considered.

found

-

C



Also, those indicators in the rubric that focus meentioningboth the big ideas were not a
determining factor in the scoring as they were 4een mean t he same t hing,
big ideao. Figure 6.1 shows the PCK werebric &
not considered when assessing the lesson plan.

Figure 6.1

An extractof the PCK rubric showing indicators that refer to the big ideas

PCK Component Limited (1) Basic (2) Developing (3) Exemplary (4)
component prompts
Knowledge €51 - Name the - Learning - Appropriate ideas - Appropriate ideas -Appropriate ideas
and Skills four most outcomes are areidentified but areidentified but an identified
related to important simply repeated/ more than one important idea is - Identifies ideas that
Curricular conceptsyou rephrased. important idea is missing focus on
Saliency (C) would address - no evidence of | missing “reference to the understanding of both
when teaching . . L
“extraction of sequencing - reference to cne of | | two big ideas the big ideas.
metals” the big ideas -sequencing is -sequencing is evident
- evidence of evident
sequencing is present

Theanalysis focusedn the extent to which the teacher individualised the lessonirpleatly

based on thexample given before the interventiofhe researcher looker things the

teacher changed ihe examplelesson planThese 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 indicatedthat the teacher decided @énact their own pPCK

fully.

6.3 Presentationof T e a c h CKRevedanlia Their Responses to the
Interviews, PostPDI Questionnaireand Lesson Plan

In this chapterthe researchdras continued with the theme of presenting and analysing data
from each pdicipant separately. Firsthe responses to the interviews are discussed. This
discussioris followed by the presentation and analysisnafdifications made by the teacher

in the postPDI questionnaire. The PCK rubric wased to score tisereponses The new
scores, if anyare gven as a summary of the pPCK of the teacher after the Pbd
researchethencontinues to presenthe teachds lesson planagain using the PCK rubric to
score the teachdyeesponses. A more detailed description of hle&RCK rubric was used to
score the lesson plaa given in Section 6.1.3 above. These scores from the responses in the
lesson plardemonstratevhether the teachecould enact their full pPCK, therefore revealing

the teache®ePCK.The final post PCK sae was found by selecting the higher of the scores
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received from the questionnaire (pPCK) and the lesson plan (ePCK). TheGiosif the
teacher can be identified by this value because ePCK is a subset of (AR@&on &
Daehler, 2013 In the endthe researchesummariseshe post PCK of the teacher.

6.3.1 MrsZi k adPaskPLR

6.3.1.1 PostPCK,as I nferred from Mrespadsekal al ads I ntervi

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 respdnded,h i n k
this wildl i nf |l uenc e.Thereseawteyasked heedabokate andshe i n g s

explained as follows:

In the pastwe 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 expdions is (Mrs Zikalala; Interview 2)

This responseroves that she understands that the content taught miastalig and globally

relevantto the studentsThis is one of the main characteristics of ESD. &é#siit her e wi | |
be inquiry-related contenthat will allow them to think and engage them in problénTis

response reveals thstrs Zikalala understands the connection between curricular saliency

and conceptual teaching strategies. She states thdl this | e comtentt ndust be taught

using inquiry angroblembased 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 newy fiinher. She

continued to state:

Al learnt that sustainability is development that is more concerned with our
tomorrow. I6s just a paradigm for thinking about the future in which environmental,

soci al and economic considerations are ba
She conhuedto say

flt's about teaching about sustainability issues so that we become respofsibli
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 concludedby saying that she also learnt about some issues and how they can be
incorporated into the curriculunMrs Zi kal al ads response demonstr
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

fil feel science can become so abstract and becomes out of touch... know the issues
that are relevant to theijthe studentsjand know how they think, what ththink so

that | can recognise and engage that knowledge by creating opportunities for them to
reveal their thinkingd (Mrs Zikalala)

This response shows thddrs Zikalala understands the importance cfessing student

thinking to make the learningrocess more meaningful

She continued to say that she leédhe importanceoiengagi ng | earner s wi
aids, knowing how exactly to do this to achieve a type of learning that is more thgagy
and more studert e n t.rHerdrésponse revieal aspects of knowledge on conceptual

teaching strategies.

In her responses, there was evidence tat Zikalala had gained knowledg# all three

components of PCK.

6.3.1.2 PostPCK,asInf erred fr om b&btgsestioinkiraRespbnae8 s P

In this section | discuss the modificationmade byMrs Zikalalato the responses in her pre
guestionnaire. These modificati® took place after she hadompleted the online
intervention. For uniformity, the modificationsrere grouped according to the PCK
componat under which they fallEach modificatiorwas discussed to revealhether the

modification resulted imny changes to the scoring of the teaghssponses using tHRCK

rubric.

Curricular Saliency

Mrs Zikalala madetwo lengthy additionsunder this componentier first addition was in
response to whether she agreed with the inclusion of sustainability issues into the curriculum
and why. For thigjuestion, herre for the initial PCK was three.In addition, she gave

two morereasonsn | i ne with two of the aimegwvef the
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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 resourceés kogure 6.2shows the art

of the addition in which the two aims were mentioned.

Figure 6.2.

Mrs Zikalalads addition to the question on the

In the EGCSE curriculum, environmental issues are included (See outcome 6 and 7 above). Do

you agree with this inclusion and why?

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, contamination of soil, ground and
surface water. All these in the long run can cause health problems which could affect everyone
in society. This objective is an integration of the aims of the syllabus [AIM 4.] as well as
relating science to the society.This inclusion is of importance not only in the country but to the
expectations the world has on us. Learners are the future, the key agents for future change so

it is quite important that we expose learners as an opportunity to give 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.

Her final response to thiguestion included reasons linked to all three of the aims of the
syllabus. This showed exemplary knowledge in this,aed she was scored a 4 (See Figure
6.3).

Figure 6.3.

Rubric extract showing indicatofsor Mr s Zi kal al ads knowl edge on

into the curriculum

CS3-Inthe
EGCSE
curriculum,
environmental
issues are
included. Do you
agree with this
inclusionand
why?

-No reasons
provided
-Reasonsare
unclearand not
linked tothe
outcomes of the
syllabus

-Reasons provided
arewell articulated
-Reasonsarenot
linked to the aims of
the EGCSE syllabus

-Reasons given well
articulated
-Reasons given
linked to one or two
ofthe aims of the
EGCSE syllabus

-Two or more reasons
given

-Reasons provided areg
linked to three of the
aims ofthe EGCSE
syllabus
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When asked why it was important for students to kadwut conserving resources, her-pre
intervention response gave her a score of 4. After the intervestierdecided to add to her
initial response by neetake nespansibiity forttheiaactiors nd d e n't S
contribute their visiaodii Thos &8s sasat @appabltent

younger generation the ideas necessaryandte the social and environmental chantjes

occur i n t h(BeeRigueb6.4)f ut ur eo.
Figure 6.4.
Mrs Zikalaladés modification on the i mportance of

Why is it important for students to know about conserving resources and the impact that

mining has on the environment?

Learners need to be in touch with environmental struggles as societal problems that the world
is facing. Being in touch with these can help integrate science and technology into finding
solutions in the long run which can help the society and the country at large. Learners will
understand how we can work in finding solutions with regards to mineral supply like general
approaches to maximize exploration of new minerals and finding ways of minimising the

environmental impacts of mining that the already existing resources have.

Conserving resourcesis part of sustainability, a motion at which now the world is in line with.
Them exercising such will allow them to take responsibility for their actions and contribute
their vision for a sustainable future. 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.
The future is in them and understanding the necessity for change as well as understand that

they will be living in a world different from ours.

Her reasons were appropriate and she continued to showaepih understanding of the
need for studentso be taught about thexisting problemsand #&so how to solve these
problems and take responsibilirs Zi k al al a6 s k n o wancstHegagscaress e x e mj

a four.

Conceptual Teaching Bategies

She also modified heesponse on the teaching strategies she would use to teach big idea A.
She addedii st uldead t di s (SeesFgureotbs dhe teaching strategy addeisy
Zikalala did notaffect her initial score of 3The score was unchanged becasise did not
present a reason why she would employ the discussimwhdid not explain how the

discussionsvould be used to support conceptual understanding

145



Figure 6.5.

Mrs Zi kal al ads modi ficati onldeeA choice of teachin

What teaching strategies would you use to teachconserving resources? Why?

A student-centred approach including discussion, presentation as well as question and answer

strategies. This is because the topic Conserving resources entails concepts they are familiar
with to their everyday life, including resources they use on the daily, like which resources could
affect us would they run out but among others at which learners can discuss these in groups
and share with the entire classroom at which then they could also provide recommendations of

ources conservation and alternatives.

w

re

Student-led discussions

When listing the questions she considered important to ask her leaimescored a dnthe
pre-questionnaire. After the interventiosheaddel one more questioi Wh at s ol ut i on:¢
we provide in a quest to curb the impact extraction of resources has on the enviranment?

This questionalso required students to use thgioblemisolving skills and as suchher

knowledge in this area remainerth a four.

She also modified her response on the representations she would use BigddehB. She
addedd@ bl ueber ry muwfdieldirps @ total minestin/tiée countryFor each
of these representations she described why she chose these representations and how they
would be used to support conceptual developm&he representatienadded byMrs
Zikalala did not affect her initial score of 3 This wasbecausethere wasno logical

sequencing of the use of these representations.

In her response to the pgeiestionnaire Mrs Zikalala showed no evidence of knowing
appropriate assessment methods, asdsuchwas scoredh one.After the interventionshe
added

AThe use ohigher order thinking strategies where learners are not only answering
questions related to problems identified but actually identifying soluicarsd
fidesigning methods/ models that can be useful in curbing the environmental issues we

are facing imposelly miningo (Mrs Zikalala)

The assessment strategy that she added shows a timkdoncept of mining. Her emphasis
on the need to encouragproblemsolving and critical thinking shows an exemplary

knowledge of assessment methaisd she was scored a 4 (See Figure 6.6 below).
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Figure 6.6

Rubric extract showing scoring indicators for Mr
CT54 - What - No assessment - Lists one or two - Lists appropriate - Lists assessment
wayswould you strategies general assessment assessment strategies with
assessstudent provided strategies strategies indications of how they
thinkingand - No evidence of -Mo indications of - There are arelinked to concepts

understanding
aboutconserving
resourcesand the
impactthat

appropriate
assessment
strategies

how they are linked
to concepts

indications of how
they are linked to
concepts

-Strategies encourage
problem solving skills
and critical reasoning

mining has on the
environment?

StudentUnderstanding

Mrs Zikalala made only one modificatiamder this component. Sheodified the type of
guestions she would use tesassstudens ¢hinking. In the prequestionnaire, she revealed
exemplary knowledge in this area. The questions she addedigetle mining problem a
problem for everyone? Dodke impacts call for concern? How can we conserve resources?
These questions added to the already extensive list of questimhdier score remained

four.

6.3.1.3 PostPCK, asInferred from Mr s Z i klLadsanlIPland s

Curricular Saliency

Mrs Zikalala stated théesson's purpode be,fiTo identify the impact mining has had on the
vegetation, human beings as well as anima#dthough her reason was cleand she
mentioredthe environmental and social effects of mining, she did not mentiokniveledge
and skills students would gain to help them tackle these environmental issugsok¢

based on the lesson plan wohlalvebeen a 2 butasshe scored aih the postquestionnairg

her score remaada four.

According to herthe knowledge stients should have tonderstand the new concepts are
At he di ng t he i

e v e r. Yheése ydeas dabpeopriateas these are the pkaowledge needed by the

fferent mini met hods, mportanc
our
studentsHowever her list is not extensive as she is missing an important concept relating to
the sources of metals. This reveals a developing knowledge in thissaréer score is

changed from &wvo to athree

Mrs Zikalala gave four learning outcomes for her lesstie. \Brote,
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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 andopide solutions on thaegative impacts mining

has had on thenvironment(Mrs Zikalala)

Shegaveappropriate outcomesnd sequencing was evident. All the important ideas were
mentionegso her knowledge in this area remained exemplary, anda$scoreda four.

Conceptual Teaching 8Bategies

Mrs Zikalala choseto use question and answer, teadedrdiscussionsnd presentationas

her instructional strategies for the less8mce these are general strategies, the researcher
sought evidence, under the activities section, of how these strategies were usetheyd if
showed learner involvement. Sk&rtedthe lesson by using questioning tsassstudens 6

prior knowledge and themsedan activity where students were to extract blueberries from a
muffin and answer her questions in a teadbdrdiscussion. Fohe 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 ussttbwed evidence of participatory learning,
collaboration andgroblemsolving, which are key characteristics of ESD. Her score in the
post questionnaire wasthree However,because of her description in the lesson plan of how

these strategies would be usslde was given an overall scordair.

The questions that she thought were essential to her teaehiagi H o has mining affected

the environmenth u man bei ngs, veggdtWhtaitom |l ard naniimael )
be used instead of mining thesee s 0 u randdisHdDw can we mi ni mi se t
mi n i MAheYoestions are related to the key idea and there is evidence of questions that
require higheworder thinking and problefrsolving. Her knowledge in this area is exemplary

and her score remadd afour.

She decided that sheould use blueberry muffins arftandouts on miningand its impactas

her resourcedor the lesson. Sheéescribedstudent and teacher activities and under the
guestions she would ask during the activity, how the muffinshamdlouts 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 actuaoben she would use. The

handouts provided informaton anhow mi ni ng has affected cert
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and were excerpts fodng on theimpacts 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 four.

Mrs Zikalalachose to assess her studemith fireading and writing on what has beeong

so far to try to rehabantfiWraittei nagr ecans wvahfafte cglex
other countries have on mining impacts and what is being.ddceording to her lesson

plan, the students would have already made presentations on difféu¢iohscas eacgroup

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 environmentélatienges caused by mining. Her scoretlom

assessment remainedoar.

Student Uhderstanding

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,iWhy is mining important? Is it possible to extract the bluebefraa the muffins and

l eaving the muffin intact? Canandihwh amu fifsi nt hr
aftermath of miFaor der main aetixitytmeagoestions she gplanned to ask

were,Ai What are the envi r ouotioreohmetals oniveggtaianthsman f t h
beings and anima®® andii Wh at s ol ut i on sDudng the doreluspm of veir d e d ? ¢
lessonshewouldaskiil s it possible to make aandiWhye r et u
is mining something everyone shobléé ¢ o n ¢ e r Meetk was evaodence?od questions

that elicied student thinkingand the questions were aligned to the teaching strategies and
resources she planned to use. For this red&sorscore was fur.

6.3.1.4 ASummaryof Mrs Zi k a | PadtRC& s

Table 6.2 summ@esMrsZ i k a Ip@stP&@Ka As mentioned earlier, the final score for each
category was found by selecting the higher scores received from thB[Ppbgtiestionnaire
(pPCK) andthe lesson plan (ePCK). This value is considered the finsi P&K score
because ePCK is a subset of pPCK.
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Table 6.2

Summary of the observations madeMrsZi kal al aés post PCK using the

Score from Overall score
Component of PCK qusisc)t:?;:‘:mg’szg:)’ Final score (PCK) Cgﬁfpﬁzn t
plan(ePCK)
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
Student misconceptions 4/4
Questions to access thinking 4/4
3.3
Overall post- PCK 3.7

An analysis of Mr s Zi k a l|-PDI qaestonngr® & hesePCt e  f r
score from the lesson plan shows that either her pPCK scoePaid 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

MrsZi kal al a6 sPClkK was rcansideredpta ke texemplary. This suggests that she
coulddraw on the cPCK in the intervention and demonstrate her pPCK. Accordiaglson

and Daehler (2019}here are amplifis and filters that determine what is transferred from a

cPCK to a teachers own pPCK. It is evident from Table 6.2MniaZ i k al al ads hi ghe
PCK score was in the component of conceptual teaching strategies. When looking back at

MrsZi kal aliaedwe ri end pa rnvsseienge cam bezoms soialdstract @nd becomes
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out o f.Fronothiscstatement, 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 plBGKentioned

above, when comparinglrs Z1 k a | a lpRBG@KsandpassPCK, her ePCK is always the

same as her pPCK or higher. This suggested thataHhésufficiently transfer PCK fronthe

cPCK to her pPCK and later demonstrate it in her ePCK. Another possible amplifier could be
MrsZi kal al ads knowl edge and b dHisibeliéf waslevident her
in an interview response when she said,t i s my d ud cyeate antawaiersesssmy r 0
about thesdsustainability i s s uAdtlsoagh she had an overall exemplary post PCK, we

cannot overlook the possibility of filters as dwored lowein the component of knowledge

and skills related to studentinderstandinglhese filters, however, could not be identified.

6.3.2 Mrs Dlamini& PostPCK
6.3.2.1 PostPCK, asiInferred from Mr s DI ammarview 6 s

When asked if she thought her lesson planning experience would be different in light of the
knowledge she had gained during the weation, she mentioned that her questioning
strategy would be different. She started by describing how she did things in the past and

statechow she would change.

Before a lessonl would usually pop in one or two questions that are more about
introducingthe topic. It was never detailed, | never asked with the intention of finding
out how much they really know, | just asked to take them into what | am going to be
teaching abouytthen | 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 togldrs Dlamini; Interview 2)

This responserovedthat Mrs Dlamini understands that questioning can be useddesa
studens thinking.

When asked about what she had learnt during the intervention about sustainability and
education for sust ai na b angutrently do;dinrey masésssp o nd e d
the things about sustainable development | knew even before the intenasnivedid some

research on @@ However, she addethat she hadearnt something about ESD, particularly
Ahow you can | ook for rel evant topi cs I n

sustainabi | it yThisrespopse gives us a secsé of hogy der knowledge about
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curricular saliency of the topic has changed. Something else she said shewlaafit h e
reclamation process, | had never even heard that word, but surely now | will teach my

students about it o.

In response to what she learnt about being a good teacher, she stated fju#id 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 heludkats understand

bet tSheanldedthdta t eacher must be able to choose
students more involved as they are our future proldean! ver s, we -feadingdt kee

them, they must | earn to be researcherso.

Theseresponses 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 responsedrs Dlamini emphasises thathat she gained most from the intervention
is the type of questions to ask learners, when to ask them and the importance of planning the

guestiongo be more useful in supporting conceptual development.

6.3.2.2 PostPCK, asinferred from Mr s D1 aPostquéstirsaire

In this section | discuss the modifications and additions madeMrg Dlamini to the

responses in her popestionnaire. These modifications took place afes Dlamini

completed the online interventiomhe modifications were grouped accordingthe PCK

component under which they fall for uniformitfach modificationis discussed to reveal

whether the modification caused any chariges t he s cor i nmeppormsésudinge t e a
the PCK rubric

Curricular Saliency

Mrs Dlamini made changes to owof her responses under this component. For the first
qguestion, her score for the initial PCK wagwa. She then added the i
recl amati on pr oc ed beaow)oAlt{o®k themédel qanswees artd. master

CoRe suggested the addezhceptas being importanshe has not yet reached the score of

threebecauseshe did not include the second big ideaher score remainedwo.
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Figure 6.7

Modifications to the conceptidressed when teaching (CS1)

Mame the four most important concepts you would address when teaching “extraction of

metals”. Mame them in the sequence you would teach them.

Sustainability and Reclamation procedure

When asked why it was important for students to know about conserving resources, she

mai nt ai ned her i nitalaarareclamation procadssed a(nSle ea JdFiegdu riie

Figure 6.8

Modifications ortheimportance of knowing about the big ideas (CS4)

Why is it important for students to know about conserving resources and the impact that

mining has on the environment?

-to keep s for future gener

18]

1]

-to learn reclamation procedures

Her reason was appropriate and showed a linthésstudentéroles. It canalso be seen in
Figure 6.9that the reason added Brs Dlamini was asuggestion in the master CoRe. Her

score thereforechanged from &wo to athree
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Figure 6.9

Extract of master ColRshowing suggestions on why it is important for students to know about the big

ideas
PCK Component ‘conserving resources’ ‘the environmental impact of
component | prompts (Big idea A) mining’ (Big idea B)
Knowledge | CS1-Why s it - learn that the earth is composed of -explains the effect that mining has on
and Skills important for several natural resources including the environment (the bye products and
related to students to plants, animals, minerals, rocks, and pollutants)
Curricular tgﬁ:‘;?&ﬁm fossil fuels. - explore the links between
saliency (C) 9 i

resources and
the impact that
mining has on
the
environment?

-learn that materials important to
humans are made of these natural
resources.

- explains how depletion of resources
can affect society

- explores how students can help
conserve resources

environmental impact and social
impacts

- explores the reclamation process

ConceptualTeaching Strategies

She also modified her response on the representations she would use BigddehB. She
mi n Eee FidueeveelD)bhp e d

representation added jrs Dlamini did notaffect her initial score ofwo. This wasbecause

added i'r e c |

no reasons werientified and no explanatisnvere providedf how the reclamation plan

amat

i on plan of

would be used to support conceptual understanding

Figure 6.10

Modifications to choice of representations (CTS3)

What representations would you use during your teaching the enviranmental impact of mining?

Why? How?

18}
T
1
!

-reclamation plan of mines developed to tourists areas

In her response to the pgeestionnaire Mrs Dlamini showed no evidence of knowing
appropriate assessment methods and as siashscored ane After the interventionshe

addedii c | a s s wquedtionsnbithednx t r acti on of
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this assessment strategy was considered general and had no indi¢atiow it would be

linked to the concepts. For this additishe was scoredtao (See Figure 6.1)1

Figure 6.11

Rubric extract showing scoring indicators for assessment methods

CT54 - What
ways would you
assess student
thinking and
understanding
aboutconserving
resourcesand the
impact that

- No assessment
strategies
provided

- No evidence of
appropriate
assessment
strategies

- Lists one or two
general assessment
strategies

-No indications of
how they are linked
to concepts

- Lists appropriate
assessment
strategies

- There are
indications of how
they are linked to
concepts

- Lists assessment
strategies with
indications of how they
arelinked to concepts
-Strategies encourage
problem solving skills
and critical reasoning

mining has on the
environment?

Student Uhderstanding

When asked to review her responddss Dlamini modified the type of questions she would

use to access studsnthinking. The additions can be seen in Figui6

Figure 6.12

Modifications to questions used to access student thinking (S3)

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?

18}

-can the mining area go back to what it was before, if not can it be improved?

As seen in Figure 6.12he made a seemingly small adjustment to her tuestion which
meant that all her questions were now clearly formulaféar formulation of a question
was an indicator of a developing PCK in the PCK rubNghen considering the
misconceptiorMrs Dlamini mentioned about students believing that mirdaghag@s were
permanent, the added ftln question is evidence of a link student understandingor this
reasonher knowledgef questions used to accessdens Gnderstandingnoved from basic

to developingand she was scoredtaee
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6.3.2.3 Post-PCK, asInferred from Mr s DI aLedgsam Pléans

Curricular Saliency

For the lessooMrs DI a mi ni St at €oddisduss the endranmentalsmpactiof the
mining on the vegetatp human beings and animals. Bomphase the importance of
conservation of resguc e @&lthough her reasons were cleahe did not mention the
knowledge and skills students would gain to help them tackle these environmental issues. H
score based on the lesson plan wduwde been a two but she scored threein the post
guestionnairgtherefore her score remainsthree.

When asked about the knowledge that students should have to understand the new concepts,

s h e IHowsdbes minirig affect the environmémegetation, human beings and animals?

What can belone to reduce the impacts of miniog? These i deas asthese not a
questions are related to the new knowledlge students would gain rather than the- pre
knowledge that should already be in place. She reveals a limited knowledge in toistheca

lesson plan and would have scorearee, but her score in the questionnaire wagwo;

thereforethe scoregemains awo.

For her learning outcomeshe wrotefiTo understand that mining disrupts the environment

and ecoandnsltoemot fcngs t hat can be donTeesda o0 sus
outcomes are appropriate and sequencing is evidlahtan important ides missing. Even

though she did not mention the social effects of mining, her knowledge seems to have
improved thus,her €ore is now dhree

ConceptualTeaching Strategies

Mrs Dlamini used question and answesessions group discussions, brainstorming and
presentationss her instructional strategies (See Figure 6.ABhough these are general
strategies, the descriptiar 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 tareebecauseshe describetiow these strategies would be used, which is

higher than her score tfo in the questionnaire. This gave her an overall scotiereé
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Figure 6.13

An extract from Mrs Dlaminids | esson plan showi
Instructional strategies Resources(clearly indicate how these Essential question(s)
Question and answer resources will be used during the How does mining affect the

Group discussions
Brain storming
Presentations

assignment.

mining

Pictures of mine before and after

introduction and main activity) environment?
Hand-out on mining- given as a reading | What can be done to sustain the

environment-reclamation procedures

Introduction (Focus student attention)

reclamation procedures that can be
done.

Time: | Teacher activities Students activities

2 min 1. Teacher will display/project a picture 1. Students will study the picture and identify the
showing the mine before and after impacts of mining that has occurred around
mining. Teacher to ask students to the mining area.
identify the problems- impacts of mining
that have occurred.

2. Teacher to ask :?t.ude.-ntsto c.lassif\,r_the 2. Students to classify the outlined problems —
problems identified in the plct.ure into impacts of mining into three groups —
effects that affect the vegetation, vegetation, animals and humans.
animals, and humans.

3. Students to outline solutions - identify

3. Teacher to ask students to outline

reclamation procedures that can be done to
prevent disruption of area as well as sustain
the environment.

Sheuseda handout on mining and pictures efmine before and after mining as Hesson

resourcesAlthough she showed how the pictures would be wsetbr student and teacher

activities (See Figure 6.13there was inadequate evidence of how these resouradsl wo

support conceptual development. The score given to her was the same as the score from the

guestionnaire responss her score remainedwo.

The questions that she thought were essential wvietdow does mi ni ng

envi r ormmndd Wh @ dbe dometo sustain the environmeatlamation procedurés

The first question was identical, and the second questgmsimilar 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 scédes Dlamini for her knowledge on

guestions 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 remairte.a
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Mrs Dlamini chosetoasses her students with echwstudenttben r e
submit written report (two pagésd be evaluated based on how their problem was
addressed and the s u.dchersngin aclivitythe studenth avauid o n  p |
work in groups to dentify the problemsarising from mining. The groups focused on
vegetation, animals or humar8he referred to the problems they would have identified in

class in her assessmefithis 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 methddrgyives
Dlamini a scoreof three, which is an improvement on the score she received from her
responséo the questionnaire.

StudentUnderstanding

Mrs Dlamini gave an extensive list of questions she would use to determine student
understanding. Figure 6.14 shows the questionkrmed to ask her students throughout

the lesson. There was evidence of questions to elicit student thiakihghe questions were

aligned to the teaching strategies and resources she planned to use. The questions she gave in

the lesson plammprovedher response in the questionnageing hera score ofour.

Figure 6.14

Mrs Dl aminiés |l esson plan showing the questions

Check for Understanding(What questions will you ask and when to determine students understand?)
Introduction —how mining impacted the environment?
-How plant and animal life affected?
-how were humans affected by mining?
-Can the mine be restored to its previous condition?

Main activity —How does mining affect the environment?
- What is land reclamation and why is it important?
-How can reclamation reduce the impact of mining?
-how can reclamation help sustain the environment?

Conclusion —Is the Sustainability of resources important to everyone?
-Is the damage and disruption of environments caused by mining reversible?

Mrs DI a mi ni 6épkn hadseveralsimilarities to the one theresearcher gave to the
participants before the intervention as part of the resource. pdokn asked about the
similarities in the final interview, she statéd,liked the idea of reclamation procedures and

wantedtoda si mi |l ar | esson. with my own studentso
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6.3.2.4 A Summary of Mrs D| a mi Post-RCK

She had responses in the intew and postjuestionnaire thatvere evidence othe
development of her pPCHKout when asked to design a lesson, cteld notdraw on her

pPCK and enact it in a lesson plan. This could mean that altiibagh®?CK had become part

of herown 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 examplep&ssahe researcher did not

give any credit, but where changes were made, the changes were analysed to see if credit was

due.

Table 6.3summarsesMrs D1 a mi n {PGK. The tnal score for eaatategory was found

by selecting the higher of tleeores reeived from the questionnaire and lesson plan.

Table 6.3
A summary of the observations madeMms D1 a mi n iPGKsusipgahs tubric

Score from Overall score
Component of PCK ((q;lvecs::g/g::?al:z Final score (PCK) c;z:pF;i:nt
from lesson plan
(ePCK)
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
25
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
25
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 Dlamiiis pPCK score from the peBDI questionnaire and her ePCK
score from the lesson plan show that most of the, oot her pPCK score and ePCK were

the sameor her ePCK score was higher than her pPCK sddosvever there aretwo
instances where her ePCK is lower than her pR@ghlighted). h identifying preconcepts
required by students and explaining why it is important for students to know about the big
ideas, Mrs Dlamini could nalraw on her pPCK to demonstrate her ePTKis means her

PCK development in terms of understanding did not match her developntaetetdent of
application as sheould notapply what she had learrkhis concurs with a findig from a

study byMazibe & al. (2018) comparing teachebseported 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 DI ami ni 6 s -RCK evasafdumhd topbe slévelopinglowever there wasone
instance where her peBICK was seen to be exemplary in the area of using questions to
asess studest @hinking. 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 resstressaysi |
never asked with the intenti.éramtoidresponsavdi ng
can infer that this is her perceived sefficacy. Selfefficacy and enthusiasm are amplifiers
and filters of teacher competen¢8orge et al., 2099 It is worth noting that after this
statementMrs Dlamini mentioned twice that she put more effotbiher 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 ea#r, there are two instances where her ePCK is lower than her @K

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 hail kaid,
currently doing my mastés; so the things about sustainable development | knew before the

i nt er v.€he tesearcher believedis would have been an amplifier in the area of CS

but this was not evident in the findings. This suggests that theild bave been another

factor that was acting as a filter in this areaoking back at her interview responstse
researcher found two possible filters. In Chaptevids Dlamini said,i we ¢ a rsgobr k e e p
feeding themt hey must | e ar nThis ;espdnse coule smean that she mighd

have focused less on the concepts becausthshght it was not her responsibility. Also, this
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response couldeflect her own learning experiences as a student henseilating into a

belief that students shisugo out and find their own content. Another possibility was found

in theresponses ithe Chapter 5 interviews The researcher found t ha
was not on the environmental aspect of sustainabilityirsiéad orthe social aspect. She
repatedly mentioned issues that are not directly related to chepgstlg asii nequal i t yc
Agentdeesed vamhbaeratdh anThis aertesl ha eesearcher to the

possibility that in her MasterstudiesMr s DI ami ni 6s knowl edge of s

could have focused significantly on the social aspect of sustainability.

6.3.3 Mr Ma v u PastPEK
6.3.3.1 PostPCK, asInferred from Mr Ma v lnewiéns

In light of the new knowledge that he had received about &®Dthe attributes of a good
teacher, Mr Mavuso sk that his lesson planning wouldé different. He descrdal how his

knowledge of ESD wouldhange his teaching strategies by saying

In my older lesson plan, the section where | planned about my teadleitgds, |
usually usedteacherled discussions and experiments. Those are the teaching
methods that | mostly used. But now that | am aware and understand that ESD
promotes participatory learning, | will include presentations in my methods where the
learners will be able to share ideas, solve problems and then present them to the

whole clasg§Mr Mavuso; Interview P

This responsel®wsthat Mr Mavuso is now aware of some of the characteristics of ESD,
namely participatory learning and that he wily to involve all students in the learning

process.
He went on to say

In my traditional lesson planning, in the prerequisite information sectiomould
usually assume that my learners know about general issues related to the topic and |
would not questiothem. So now that I've looked through the presentatmmow |

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 thinkifMr Mavuso;

Interview 2)
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This responsdenonstratediow his knowledge about student understanding has changed. He

acknowledges that he did not previously take time to asséss d griar kreowledge.

When asked about what he had leadoting the intervention about sustainability and
education for sustainability, he responded that he did not Kitbat there are sustainable
development goals and that education holds a key position in the sustainable development
goals dHe also added that he has leafiabout the characteristics of ES&hd how it is

implemented into teachiny

In response to what he learnt about being a good teacher, he sd@idathatg o od t eacher
know i ssues that aandiar eleeavcahretr tnou slit e dren earbsloe
(issues)n our existing syllabué He addedhat he also learntthdta t eac her must b
sel ect Il nstructional strat egiTlkese rdsgorsés angr o mo t
evidence of howMr Mavusod6s knowledge about t ha curri

teaching strategies of the topic has been altered.

His responseshowedthat Mr Mavuso had gained knowledge on different aspects of the

three components of PCK.

6.3.3.2 PostPCK, asinferred from Mr  Ma v Bostguisionnaire

In this section| discuss the modificationsir Mavuso made to the responses in s
guestionnaire. These modificat®took place after he hadmpleted the online intervention.
The modifications were grouped according to the PCK component under which they fall for
uniformity. Each modificatiorwasdiscussed to reveal whether the modification caused any

changes o t he scor i negponsds usintptCKirebacc her 6 s

Curricular Saliency

Mr Mavuso made only one modificatiomder this componenin response to ghquestion on
whether he agreed with the inclusion of sustainability issues into the curriculum and why, he
added thafi i helps learners to think beyond technical chemistry concepts, by giving them
skills to apply and solve everyday life environmental sitt i o n s . Fohthiyqudstom, e 0
his score for the initial PCK wasne His additionaljustification 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 frimited to developingand he was scoredlaree

162



Figure 6.15

A rubric extract shGKaboultlpeindlsionkamwitornmeita isspes witdb the
curriculum
CS3- Inthe -No reasons - Reasons provided - Reasons given well -Two or more reasons
EGCSE provided are well articulated articulated given
CU”_WCU“Jm; - Reasons are - Reasons are not - Reasons given - Reasons provided are
?m"ronmenta‘ unclear and not linked to the aimsof || linked to one or two | | linked to three of the
issues are

included. Do you
agree with this
inclusion and
why?

Conceptual Baching Srategies

linked to the
outcomes of the
syllabus

the EGCSE syllabus

of the aims of the
EGCSE syllabus

aims of the EGCSE
syllabus

Mr Mavusoalso 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 show4r iMavuso
changed his teaching strategies from studlsshtdiscussions and visualigat, in the pre
guestionnaire, to simulations and class discussions, in theypestionnaireHe confirmed

his new insights, sayingfis i mul at i ons

di

and consistent witk SD-specific strategiegherefore his prePCK score was changed from a

two to a four, as his knowledgef teaching strategies was now seen as exemplary. This

SCuUSSI

ons

hel p |

earners

.0 reesgastifioaionsare clearn g

response corresponggth Mr Ma v u s o @iesw respohse where he saidn othat | am

encour ageandlied rarsesr s

con

aware and understand that ESD promotes participatory learning, | 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

3(a) | What teaching strategies would you use to teachconserving resources? Why?
Simulations, where learmners imagine they live in an environment where they have to conserve
resources. Simulations encourage learners to participate (learner-centred) and it simplifies the

Mavusoods

modi f i

cati

ons to

hi

concept of conservation making it more understandable to learners.

S

conceptual

(b) | What teaching strategies would you use to teach the environmental impact of mining? Why?

Class discussions, where leaners discuss differences in pictures of an environment before and

after mining took place. Class discussions help learmners develop strong communication skills.
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He also modified his response on the assessment strategies he would use when teaching the
big i deas. I|ehenerswdulidebd giverhgadstions, then gather information and
present it to the clas §See Figure 6.17 ). Although this assessment strategy was appropriate,
there were no indications of how it was linked to either of the big jdedss score remained

attwo.

Figure 6.17

Mr Mavusobds modi fications on the assessment stra

What ways would you assess student thinking and understanding about conserving resources

and the impact that mining has on the environment?

o Assignments: learners would be grouped then given topics of, to research and write
short essays.
o Presentations: learners would be given questions, then gather information and present

it to the class.

StudentUnderstanding

When asked to review his responses to questions under this compén&fdayuso change

two questions. When asked what he found difficult about tea@imddeaB, he decided to

compl etely <change hkpiainingdhe jssue of gglobal yarrsiray yandn g , f
climate change and fiexplaining the technical terms; greenhouse gas, globamivay and

climate chang 0When comparedvith the model answers (Figure 6.18), these difficulties

faced byMr Mavuso are appropriate and related to the key concgplishe did not give any

reasons for the difficultiesvhich led to a score divo as hisknowledge in this area remained

basic.
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Figure 6.18

Model answers showing difficulties related to teachers and the reasons

Difficulties (related to teachers)
-ensuring that the examples are relevant to the students

-explaining terms/environmentalissues

-deciding on the best teaching approach

-lack of support from school administrators in promoting environmental
conservation programmes and practices (Abd Rahman, Halim, Ahmad, & Soh,
2018)

Why?

According to Ham & Sewing (1998) difficulties faced when teaching about
environmental issues are caused by:

1) conceptual constraints (teachers lack of understanding on the content)
2) logistical (such as time constraint, inadequate teaching materials,
inappropriate class size, financial and transportation problems)
3)teachers’ competencies (lack of pedagogical knowledge), and

4) commitment (and motivation)

Mr Mavuso also madified the misconceptionshe would encounter while teachirtige big

ideas. In the prguestionnaire, he responded with student difficulties instead of
misconceptions. On changing his response, he stated that studéntsara b | e t o di f f €
the environmental terms; ecosystem and habdnd i nable to differentiate the terms

global warming and climate changele al so added c¢ohsartatiosis thelent s
maintenance and protecton of ani mal gSeekigleys.19. These regpdnsesn t s O

refer to studerst isunderstandingsindsohis scoe remained one.

Figure 6.19

Mr  Ma v u squdstionnagire iedponse to the question on student misconceptions

What are typical student misconceptions you encounter when teaching about conserving

resources and the impact that mining has on the environment?

[s]

Unable to differentiate the environmental terms; ecosystem and habitat.

o Saying conservation is the maintenance and protection of animals only, not plants.

8]

Unable to differentiate the terms global warming and climate change.

6.3.3.3 PostPCK,as I nferred fresonMn Mavusobds L
Curricular Saliency
For the lessonyIr Mavusoexplained the reason wéaso create awareness on the impacts of

mining metals and other minerals to the environngeAtthough his reason was cleand he
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mentioned the environmental impact of mining, he did not link tiih the social effects of
mining. He also did not point out the problawmlving knowledge and skills that students
would gainto deal with these environmental issues. wbuld have scored two $&d on the
lesson planbut he scored ¢hreein the postquesionnaire therefore his score remains a

three

According to him, the ig-conceptsstudents should have to understand the new concepts are
fiknowledge on what takes place during mining, how metals are extracted from their ores and
how the environment arod a mine look#ikeo. The first and second ideas that he mentioned
are appropriate The third concept isnappropriate as it relates to the new knowletlge
students would gain during the lesson. He reveals limited knowlgfdgeor knowledge in

the leson plan, but his score in the pgstestionnaire wastareeandsoremains dhree

Mr Mavuso stated two learning outcomes for his lesson. Hetlsaithtended outcomes were

fito explain how mining hamthe s oi | , water, aand itoadavite av e get a
reclamation plan for a mine after Aithough ng ce.
the outcomes he gawveere appropsdte and sequencing was evident, the importantatieat

the impact of mining on animals/humans was not considereds fdvealed that his

knowledge was developing and his score remairtbcea

ConceptualTeaching Srategies

The instructional strategies thitr Mavuso chose to use for the lesson were simulation,
presentation and class discussion. Evidence under thatiastisection of the lesson plan
made it clear that these strategies were stuckmtred and relied on learner involvement. He
introduced the lesson with a simulation of the process of mining. Students were instructed to
filocate and recover the ore withia certain amount of tinge During this time he would

lead a class discussiovhich would befollowed by students presenting their findings on how
much ore they minednal comparingithe condition of the muffin before mining and after

r e c | a marheidesaription of how these teaching strategies would be usedsshow
evidence of participatory learning, collaboration apbblemsolving which are key
characteristics of ESD. His score in the post questionnaire wasraand becausde

describechow thesestrategies would be used, his score remairfedra

The questions thde thought were essential to kesching weréiHow does mining change

t he Ear t lng Peswgiherpfaciaes & mine sites that could redangironmental
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i mpact s oahdfibow moes gaamation reduce impacts of mining after mining
ceases® These questions are related to the key,idad there is evidence of questions that
requirehigherorder thinking andgroblemsolving. His knowledge in this area was seen as
exemplaryand his score was changed frortwa to a four.

The resources that he chose to use for his lessonfivere ueberry muf fins, S
t oot h pnd a &uweént worksheet. The blueberry muffin and the mining tools were to be
used during the simulato For the main activitystudents would be given a worksheet
Acomprising of a diagram showing actThevi ti es
descriptionsof the activities that would be carried out by the students and teachers and
formed part ofthe questions that he would ask during teaching gave sufficient evidence of

both justification and how the blueberry muffin would be used to support conceptual
developmentHowever, the description of the worksheets inadequate and did not give a

clear pcture of how it would be used to support conceptual understanding or why it was
chosen.Mr Mavuso was scored &vo in the post questionnairend the knowledge he

displayed in the lesson plan was also seen as, lsadis score remainedwo.

AccordingtoMr Ma v u s 0 0 s i audestewill be divannan 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 theradications of how

it is linked to the main concept being taught. Although it may promote independent research,
it does not promotproblemsolving, which could have shown exemplary knowlediy# his

knowledge is now seen as developiagd he scoredthree
StudentUnderstanding

The list of questionde planned taask during his simulatiomsing tle blueberry muffin
activity was ext en $lowda miniighhe bluphberisstaffect thes shape r e |,
of the muffin? What is the ratio of the doethe waste rock after mining® what way would

the percentage of ore mined differ if you did not have to worry about preserving the surface

of the muffinAWas the muffin abletobete®r ed t o it s pandhikExpl@arus con
some challenges imeclamation of the mufftn .For his main activity the questions he
plannedto ask werd How does mining affect the condit]i
actions taken at the mine reduce the impacts of migiag®fiHow does reclamation reduce

the impa&ts of miningpHe pl anned t o c¢ on Ddyoutlnk théhbenefitse s s on
of mining outweigh the impacts on the environmemRhough Mr Mavuso planned to ask
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only one question during his conclusion,dae an extensive list of questiahsithe would

useto access student thinking and understanding during his introduction and main activity.
There was sufficient evidence of questions to elicit student thinkimgd) the questions were
aligned to the teaching strategies and resources he plamnes@ For this reasonhe was

awarded acoreof four.

6.3.3.4 A Summary of Mr Ma v u sPosBPCK
Table 6.4 shows a summary bir Ma v u s o éP€K. Pphe &nial score for eaatategory
was found by selecting the highszore received from the questionnaire and legsan.

Table 6.4

A summary of the observations madéorMavuso6s post PCK wusing the

Score from Overall score
Component of PCK ?pupeé%)/nsncaérri Final score (PCK) cg%rpz(;znt
from lesson plan
(ePCK)
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 &nderstanding
Difficulties 2/2 2
Students énisconceptions 2/2
Questions to assess thinking 1/4 4
2.7
Overall post-PCK 3.0

An analysis of Mr Mavusobs pPCK schspRCKand
scoe and ePCK were either the sanrehis ePCK score was higher thiais pPCK score.
This means thafir Mavusocould 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 peBICK that was developing. His highest score was in the
component of knowledge and skills related to conceptual teaching strategies. ahssthad

he could transfer knowledge from the cPCK and create his own pPCK. This transfer, as
mentioned before, i's informed by potenti al a
beliefs, knowledge and experiences. During his-p@tinterviewMr Mavuso revead that

in the past he used teacltemtred methodandi now t hat | am aware anc
ESD promotes p ar t hecwillpnaakeoan yeffort te ancludée appropriate
strategies into his teaching. We can infer from this response that thiereess 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 uder the three components of PQWr Mavuso was able to draw on his pPCK to
demonstrate his ePCKAccording to the RCMthere are always amplifiers and filters
informing the transfer of knowledge between the three realms of B@khese factors may

not have been revealed to the researcher.

6.3.4 Mr C e IsleoétPCK

6.3.4.1 PostPCK, asiInferred from Mr  C el htegview

Mr Cele was asked if he thought there would be a change in his lesson planning experience
now that he was aware of ESD ahe attributes of a gooteacher. He mentioned that after

thisinterventionit her e i s no way t hat.Heapointeccositdhatine c o ul ¢
is keen on incorporating sustainability issues into his teaching, when hésaid, i s s o ha
for some tpics to put in sustasnb i | i tve alreadyustartedl I6oking for some relevant

topics in chemistry and biologydie believesthat when teachermplan a lesson, the most

i mportant questi on t hleowwibthi®lessod impastkhe studétms e | v ¢
i veledadthati f or a | esson to be successful it
behav.i olud odo t hi s, he refers to the Jtheype of
are] questions that will involve the studertsd turn themnto a more criticalthinking and

problemsolving class 0

This responseshowsthat he understands that the content taughisttberelevantto the
students and promote critical thinking armfoblemsolving skills These are both
characteristics of ESD.
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When asked what he haelarnt about sustainability and education for sustainability during

the intervention, he saiddte is littlehe did not know about sustainabilitgoncerningeSD,

he said although he had heard about the concept, he had never been given a chance to think
about it. He said he learnt thait involves raising arawareness about social, environmental

and economic issues that impact our studiintes and also their futude He continued to

say that he viewed ESD a one vehicle to meaningful and qualggucation, which is the

kind of education that responds to the issues that are relevant to the students

A

This response reveals hdir Ce | e 6 s ko theancurecdlay saliency of the topic has

changed. Henderstands the importance of making contdetemt to students.

In response to what he learnt about being a good teacher, he s#titsthas o meone who ¢
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 lifed su a t iHe oostidued temphasisdiis point
andsadiagood teacher doesnét only need to know
how thecontent of the curriculum appli¢s the students This response shows thitr Cele

understands the importancemékinglearningmore meaningful

In all his responses, there was evidence MraCele had gained knowledge on the curricular

saliency of the topic.

6.3.4.2 PostPCK, asInferred from Mr  C ePostquestionnaire

In this section | discuss the modificationsade byMr Cele to the responses in tpse
guestionnaire. These modificat®took place after he hadmpleted the online intervention.
The modifications were grouped according to the PCK component under which they fall for
uniformity. Each modificatiorwasdiscussed to reveal whethércaused any changés the
scori ng o frespomses usirgaiCK rulbrid s

Curricular Saliency

Mr Cele made changes to three of the four questiorder this componentdis first
modification was in response to the question about the four most important concepts he
would address during his teaching of extraction of metkigure 6.20 shows the
modifications made. For this question, kisre for the initial PCK was four. His modified

response shows that his knowledge is exempéany his score remaindaur.
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Figure 6.20

Mr Cel ebs modi fied response to the question on t

Name the four most important concepts you would address when teaching “extraction of

metals”. Name them in the sequence you would teach them.

L. THE REACTIVITY SERIES OF METALSAND THE EASE OF THEIR EXTRACTION

II. METHODS OF EXTRACTION OF METALS FROM THEIR DIFFERENT ORES e.g.(
HAEMITATE FOR IRON, BAUXITE FOR ALUMINIUM, COPPER PYRITES COPPER)

I1I. EXTRACTION OF IRON IN THE BLAST FURNACE AND ALUMINIUM THROUGH
ELECTROLYSIS

V. CONSERVATION OF NATURAL RESOURCES AND THE ENVIRONMENTAL IMPACT OF
MINING AND EXTRACTION OF METALS ON VEGETATION, HUMAN BEINGS AND
ANIMALS

When asked which concepts needed to be taught to learners before the topatatn

extraction, he addetivo more conceptsnamely,fir e n e wa b | -eenewable nataral n
resouandfefser mati on of i ons fr ©mordeatotexplain n a qu
electrolysi®. Although these concepts are considered appropriate, the logical sequencing of

the concepts was not evideahd as suchhis knowledgeof requiredpre-concepts was seen

as basicand his score remainedwso.

His preintervention responsgave him a score of three when asked why it was important for
students to know about conserving resourédier the interventionhe addel to his initial
response by menti oni ngto makea goodidecisioasn ant ltakes st
responsibility regading matters associated with environmental factors, respecting
themselves, others and natarédie added that it also helps studefigppreciate the role of

chemistry in bridging the gapetween life and school mattehat is, allowing learners to

apply seentific knowledge in everyddife-related issued. Mr C e | préirdervention score

was athree,and his addition in thpostquestionnaire 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 changedftua
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Figure 6.21

Rubric extract showi ng i n dheimpottanae sf knowing ablduttheCe |l e 6 s
big ideas

CS4-Why isit -No reasons -Only one/two -Appropriate reasons ||-Reasons provided

important for provided reasons stated are provided showin-depth

students toknow | _Reasons -Reasons provided -No evidence of understanding of link

about conserving
resources and the
impact that
mining has on the
environment?

Conceptual Teaching ategies

provided are
generic/not clear

indicateno link
between
environment /
society(student) /
economy

-reasons not linked
to studentsrole

understanding of link
between
environment /
society / economy
-reasonsshowlinkto
studentsrole

between environment/|
society (student)/
economy

- Reasonsshow
students role with
regard to these big
ideas(needfor
solutions) and a sense

of responsibility

Mr Cele also modified his response bis teaching strategie® teachBig ldea A. His

additionconcernedvhy and how he would ud@s chosen strategieBigure 6.22 showMr

Cel ebds

addi ti

ons.

Al t hough
reasons still do not show any link to studérdkes and as such his score remaindtirae

he

di d

gi ve
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Figure 6.22

Mr Cel ebs modification toldkemaAoi ce of teaching str

What teaching strategies would you use to teachconserving resources? Why?

¥v"  CLASSROOM DISCUSSIONS: THE STUDENTS SHOULD KNOW THE IMPORTANCE OF
CONSERVING RESOURCES. LEARNERS SHOULD IDENTIFY THE RESOURCES OR
SPECIES THAT NEED TO BE CONSERVED AND THEY CAN COME UP WITH THE NEGATIVE
CONSEQUENCES OF SUCH EXTINCTIONS OR MISUSE. THE IMPORTANCE OF
CONSERVING THESE WILL EMERGE FROM THE DISCUSSIONS.
¥ AGAIN, CONSERVATION OF NATURAL RESOURCES IS THE TOPIC OF THE DAY AND I DO
BELIEVE THAT THERE IS A LOT OF INFORMATION LEARNERS ALREADY POSSESS ON
THE SAME SUBJECT. HOWEVER, DIFFERENCES IN ACCESS TO INFORMATION CAN BE
ENCOUNTERED BY THE DISCUSSIONS.
» FIELD TRIP OR RESEARCH PROJECT: SINCE CONVERSION IMPACT THE ECONOMY
AND ENHANCE TOURISM, LEARNERS CAN VISIT PLACES LIKE THE GAME RESERVES
OR REACH OUT FOR DOCUMENTS THAT JUSTIFY CONSERVATION AND FIND OUT
MORE ABOUT THE IMPORTANCE OF CONSERVATION.
» LEARNERS CAN EVEN ASK MORE QUESTIONS FROM OTHER EXPERTS IN THEIR
TRIPS, BASED ON THE ISSUES ASSOCIATED WITH CONSERVATION OF
RESOURSES.

When listing the representations he would use to tBagihdeasA and B,headdeia t abl e
comparing benefitef conservation and conseguces of not conserving natural reso c e s 0 ,

fa picture of the | aandla plwtaré ar digrarma 6fd a b mp ar ms a
between the damages caused by unsustainable mining and sustainabled miriig

response showlkeevidence of how each of these representations would be used to support
understanding.However, this response showedho logical sequencingin usng these
representationsalthough hisknowledge of representations was now seen as developing and

his score \as changed fromtao to athree

In his prequestionnaire responséjir Cele was seen to have limited knowledge of
appropriate assessment strategies smavas scored @ aone After the interventionhe
added flearners can work in groups and makl@wesentations on their conservation
models/strategies of the resourcesnd fiproblembased learning, where learners discuss
and come up with solutions on conservation, development and environmental protantion

fidesigning methods/models that canuseful in curbing the environmental issues we are
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facing 1 mp o sThalassesgmestiatagies tgab he added show a link to both big
ideas. They also encourage probisaiving and critical thinking. This modified response

showsMr Ce | e 0 s enowletdpgd o assessment strategasl he was scoredfaur.
Figure 6.23 shows the knowledge indicators for exemplary knowledge.

Figure 6.23

Rubric extract showing scor tstradegiesndi cat ors f or Mr

CT54 - What - No assessment - Lists one or two - Lists appropriate - Lists assessment

wayswould you strategies general assessment assessment strategies with

assess student provided strategies strategies indications of how they

thinkingand - No evidence of -No indications of -There are arelinked to concepts

understanding appropriate how they are linked indications of how -Strategies encourage

aboutconserving . . )
assessment to concepts they are linked to problem solving skills

resourcesand the . d critical )

impact that strategies concepts and critical reasoning

mining has on the

environment?

StudentUnderstanding

Mr Cele made two modifications under this component. His first modificabocernedhe

difficulties that he may face when teaching the big ideas. He added thahp r oper sel e
of teaching aids can lead to a lot misconceptions since learners have no life experience on
miningd .According to the master CoRensuring that representations are relevant is a
difficulty faced by teachersnakingMrCe |l eds di f fi cul t yexpmipwwhy opr i at

a teacher mayail to select the correct exampleshis score remainedtevo.

He alsoadded to the type of questiohs would use to accestudent understanding. The
guesti on h eangod dewelop avrairing prdject that will observe conservation of
species anénvironmental protection to a greater ext&nihis question is closely related to

the task thatMr Cele added as part of his assessment strategy when he said that learners
would discuss andimake presentations on. Thishrespanse c on s e
showedthat the question is linked to the conceptual teaching strategy that he would use and

therefore his score was changed frontveo to athree
6.3.4.3 PostPCK, asinferred from Mr  C elLlessdh ®lan
Curricular Saliency

Mr Cele statedhe purpose of the lessarasfito discuss about the benefits and drawbacks of
mining natural resources in relation to the environndedthough his purpose for the lesson

was clearly formulated, there was no link to sogiatyd he did not mention the knowledge
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and skills students would gain to help them tackle these environmental isswesulH have
scoreda two based on the lesson plamjyt he scored dour in the posiquestionnairg

therefore his score remainsfaur.

AccordingtoMrCe | e 6 s | thespse-oonceptsiecauired for students tanderstand the

new conceptsardt he extractnddbhher ompestance dalff mi ne
lifed. These ideas arappropriateas 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 exemplastibuteveloping, so his

scoreis changed from a twio athree

The two learning outcomeBir Cele set for his lesson werefi Descr i be t he i mj
resource extractionont he enviandmimeerrttoi fy the social, |
economiceffectsof mining on any given life evéntAlthough re gaveappropriate outcomes

with visible £quencing, the idea of finding solutions on how the effects of mining can be
minimised was missingilis score based on the lesson plan wdwd@ebeen athree,but he

scored afour in the postquestionnake; therefore his knowledgein this area remained
exemplary.

ConceptualTeaching Strategies

Mr Celechaose to use exposition, discussion and presentations as his instructional strategies
for the lesson.The researcher sougltditional evidence under thactivities sectionto
determinehow these strategies were used and why they were chise@Gele sarts his

lesson with an activity where students categorenewable and nenenewable resources.

This is followed by a teachded discussion where studeméxap what they have learnt about

mining in previous lessons. Fdne main activity students would be grouped and given a

wor ksheet, bl ueberry muffins and some fAmini
would be used to make a presentation. Thersgpart of the main activity would have two
projections of pictures. The first picture wouldib@ f | and bef or mllomedd af t e
by group discussions of the social, economic and environmental impacts of mining. The
second projected picture woulke fipictures of two mines; one which was developed with
sustainability in mind and t he . This prgectionvhi c h
would be followedbyd debat e on t he | mp amenhtanddifcusetheecnh o n
as a Wi Gele shose to conclude his lesson by highlightingl thee s snoaim ants

Although the description of how these would be used skoevidence of learner
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involvement there was no evidence of enhancemergroblemsolving skills which is a key
charactestic of ESD. His score in the post questionnaire wahrae,and because his
description was not consistent witBSD-specific strategies, his knowledge was seen as
developingand his score remainedtaee

The questions that he thought were essertidlig teaching weré How does mining
the environmer®® andii Ho w [the] enpact of mining affect the society, environment and
econom§ OThe questions are related to the key jdwad there is evidence of sequencing.
Although sequencing demonstrates some reasoning, there is no evidence of questions that

require critical thinking and problesolving skills and as sucthis score remainedtao.

Mr Cele indicated that he would ustuéberry muffing paper towelstoothpicks a razor,
beaker, laptop and projectas hisresources forhe lesson. Under the sectiostsident and
teacher actities, and the questiortse would ask during the activithe described how he
planned to ustheseitems Although hisdescription showed evidence of how these resources
would suport conceptual development, Hieowledge in the area of representations was

seen as developiras his list was not extensive, and $tsre remained three

Forhisasessmenh e chose an assignment whewrtehatf he st
of a page about five things good about mining and five things that are bad about mining. The
student should explain how their choice alestbcial, economic or environmenthfeo.

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 ad critical thinking however it does not encourageoblemsolving. His score for

knowledge of assessment in the lesson plan would have scoredthieegbut his score

from the posfquestionnaire wasfaur, and so his knowledge is seen as exemplary.

StudentUnderstanding

He gavea list of questions that he wtiluse to determine studentunderstanding. The
guestions he planned to ask during his lesatmoductionwere fiDoes mining of minerals
impact the environme®d and iWhat are the likely impacts of mining to; plants, animals,
soil, water and humafie For his main activityhe planned to askican you successfully
mine the blueberries without destroying the muyftian we mine natural resources without
destroying the environmerttow does mining impact the social life, the environment and the

economy ofthe country and how can we reduce the negative impacts of mining, while
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ensuring sustainable developm&nHe planned to conclude his lesson with the question,
AiDoes mining support sustainable development in terms of ensuring the wellness of future
geneations?0 From this list there was evidence of questions to elicit student thinking

the questions were aligned to the teaching strategies and resources he plannéth®lisse.

is not extensivewhichreveals that his knowledge in this area isy®itexemplary but is still

developingand so his score remainshaee

6.3.4.4 A Summary ofMr Ce | Ro8tRCK
Table 6.5 below shows a summaryMf C e | po6tBCK. The final score for each of the
categories was found by selecting the higher of the seecesved from the questionnaire

and lesson plan.

Table 6.5

A summary of the observations madevorCe |l eds post PCK using the rubr

Score from Overall score
Component of PCK qﬁ?ﬂg?;‘;ﬁéﬁg?’ Final score (PCK) C;z:piﬁ:m
plan(ePCK)
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
35
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
Questions to access thinking 3/3 3
2.0
Overall post PCK 3.0
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An analysis of Mr Cel e &Gthat md3t@©fche éinmdubth RIFPEEK s cor e
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 identifying concepts that ewld be addressed during

teaching and assessment strategies, Mr Cele waseutodraw sufficiently on his pPCK to

demonstrate his ePCK.

6.3.4.5 An Interpretation of Findings from Mr Cele

MrCel eds o0-¥PEK vas foundpto bea developing. His highest score was in the
component oknowledge and skills about the curricular saliency of the tdpits means that

in this areahe could bestransfer cPCK from the intervention to his own pP@cording

to the RCM, context plays a major role wheachers creatieir own pPCK. This context

includes amplifiers and filters which shape teach@RCK. When looking aMr Ce | e 6 s
biographical information, it is evident that he was a highly expegirneacher with more

than 16 yearof experience in teachinghemistry. Possibly, his experience acted as an
amplifier and allowed him to drasufficiently on the cPCK and transfer it to his own pPCK

in this areaA possible amplifier can be found whénoo ki ng t hr oue¢bl Mr Ce
interviews He statedfi | have already started Ictemigtryng f o
and bi o | o This Ggtatement shows Mr Cédeinterest, excitement and commitment to
incorporating sustainability issues into Iesching subjects. According kong (2010) the

interest ancenjoyment one gets fromn 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)
whereMrCel e6s ePCK i s | ower t éiaapossibigy thaiReGsK. Thi
existed, and he could natraw adequatelyon his pPCK to demonstrate his ePCK. The

researcher, however, could not find any possible filters from his interview responses.

6.3.5 MsD u bsé&astPCK

6.3.5.1 PostPCK, asinferred from Ms D u Imteréiew

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 regard) her teaching strateggs she saidjl will be able to cbose teaching
methods and teaching aids that will keep my learners interested in the lesson and actively
participatng i n a di f f er e ®he alssmentions thad she villery and address
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sustainability issues tdi o p e nt huep miofniers learners.Ms Du b e 6 s respon

demonstrates how her knowledge of conceptual teaching strdiagiles topic has changed.

In her responseMs Dube also acknowledges that, in the past, she never prepared her

guestions in advance by saying,

| 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 | was not doing before. | was never preparing
guestions. Walways assume that they kndwt now | will have a list of questions to
assess them and check if they know whiahk they know(Ms Dube; Interview 2)

Although she admitted that she wassurehow she would incorporate it into her planning,

she didmention that she lsayet to find a way to help héri dent i fy the diff
mi sconcepti ons t hrhid respohsehowsesshat sheis now dware of the

role that studest @hinking plays in conceptual understanding ath@ importanceof

accessing studentthinking to make the learning process more meaningful

When asked about what she had learnt during the intervention, about sustainability and
education for sustainabilityyls Dube admitted that she did not know about sustainability or
education for sustainability before this trainir@he stated thategardingsustainability, she

was now aware thdt we can meet our needs, in terms of
earthfo f ut ur e .@lercentinaed to ctats thidverybody should play a part in

ensuring that the renewable and m@mewable resources are sustainable for future
generations. .. our ever Withaegards torESDshengaid slt s s u s
learnt thatfi i t i's i ntadfprsamptle nahiygher or.dSher t hi n
concludedbysayingiever yone should be able to make de
mind... Learners need to be aware that they need to protectetivironment for future

generati onso.

MsDubebdbs response demonstrates how her knowl
has changed. It also shows that she is now more awaré #at e r ys gespornsiblgor

sustainability issues

In response to wdt she learnt about being a good teacher, shefsamell-designed lesson
i s one thing a ¢oShehddedehatcshededrn s A bul ddsonot en
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teacherto knowthd cur r i cul um a n,ds sgodd feacher shauld afgkean t 0
why that knowl edgeaendiiisssmporthlaat dme t.Hesime&vant

response again reveals how her knowledge of curricular saliency on the topic has changed.

She continued to explainthidta good t eacher nhodstaccadngtethe t e ac
strengths of the | ear.Shesaidteathefsdhoe | npo tt haesnk ugnude
to find their preexisting knowledgewe | us't assumeetihagootheyed&aolk
must have questions to find the ygrastingk n owl edge o f. Thishesponsee ar ner
revealed aspects of knowledge amceptual teaching strategies and student thinking.

In her responses, there was evidence MatDube had gained knowledge on different

aspects that fell under all three componeht3CK.

6.3.5.2 PostPCK, asinferred from Ms D u Postguestionnaire

In this section| discuss the modificationsnade byMs Dubeto the responses in her pre
guestionnaire. These modificati® took place after she hadompleted the online
intervention.The modifications were grouped according to the PCK component under which
they fall for uniformity Each modificatiorwasdiscussed to reveal whethéne modification

caused anychangeso t he s cor i megponsds usinfptlCK reébacc her 6 s

Curricular Saliency

Ms Dube maddwo minor additionsunder this componeniter first addition was in response

to the question on the four most important components she would address when teaching. She
added to the concedi met hods 0,0 whiehx ¢she had tmentioned in her fpre
guestionnaire, t he phrase @bas.dd thisquestiomei r p ¢
her <ore for the initial PCK was @wo, and this addition did nathangeher score as her
knowledge was still seen as basi

When askedwhich concepts needed to be addressed before teaching learnerghabout
extraction of metals, her pipetervention response gave her a scorethwée After the
intervention she decided to add to her initial response by mentioning a feorthept,
Arenewabéré walml e r es our c eAccordimgdd theanodelganswexsa mp | e
and master CoRe it would be more appropriate for this concept to be addressed during the
teaching of the topiof extraction of metals and not before. For tteason her addition did

not change her scarand it remained ¢éhree Figure 6.2delowshowsMsDu b e 6 s modi f i

response.
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Figure 6.24

Ms Dube6s mo dcorfcapts meededby leaonkrs pr e

What concept(s) need to be taught to learners before teaching them about ‘Extraction of

metals’?
1. Physical and chemical properties of metals
2. Renewable/non-renewable resourcesincluding examples

3. Oxidation/reduction, not limited to the gain/loss of oxygen. Transfer of electrons and
transfer of hydrogen

4. The reactivity series of metals

ConceptualTeaching Srategies

Ms Dube also modified her response on the questions she considered important to ask her
added

r e s p o Ageestionaire did hot mager specific

learners. After the interventips h e tHbwedoeg miairgg tprievent progi@éss
Her

reference to either of the key idebmadingto her score obne This additional question was

towards sustainabilityo

related to one of the key ideas and as such her score changeuotorae rubric extract in

Figure 6.25 shows the indicators thad to this change in scoring.

Figure 6.25

Rubric showing Ms Dulde post score for her knowledge on questioning

CTS2 - What
guestions, related
to environmental
sustainability (ES),
would you
consider
important to ask
your learners
during your
teaching?

-Questions listed
are not specificto
the keyideas
-Questionsare
general
-Sequencingis
notevident

-Questions asked are
related to one of the
keyideas

-No evidence of
questions that
require problem
solvingskills
-Sequencingis
evident

-Questions asked are
related to both the
keyideas

-No evidence of
questions that
require critical
thinkingand problem
solvingskills
-Sequencingis
evident

-Questions asked are
related to both the key
ideas

-Evidence of questions
that require higher
order thinkingand
problem solving
-Sequencing of
questionsis evident

She also modified her response on the representations she would use BigddehB. She

addedit a echhoicp  min fhériresponseshe described why she would use these

representations and how the representation would be used to support conceptual

development. Before the interventjdvis Dube had a score dlfireein this area as she had
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listed three representations. With this additional representakien list is considered

extensive, and as sudigr score is changed tdaur.

When asked in the piguestionnaire about the assessment strategies she wouldisu3abe

listed general assessment methods that werelated to the key ideas. For her initial
responsgshe was scored tavo. After the interventionshe addedi a s s i g nAftongh s 0
she mentioned that the assignment would be us@dctdh e ¢ k t huaderstanding wiénl| o f
guestions prompt i nghere tvas mo evidence & the dgtails @ theodlaa n 0
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 foaortgetbasicand her score remainedveo.

Figure 6.26

Ms Dubebs modification to the assessment strateg

What ways would you assess student thinking and understanding about conserving resources

and the impact that mining has on the environment?

Would use formative assessment in form of topic test, questions also include the other

learning outcomes for the topic.

Can also give learners assignments to check their level of understanding with questions
promptingthem to design a plan hence applying what they have learnt. This would also show
misconceptions, if any, that the learners may have.

Student Uhderstanding

Under this componentyls Dube nodified the question on the difficulties encountered and
guestions to sess student understanding. In response to the difficulties she could encounter,

she opted to delete her whole {opgestionnaire response and replace it. Her score for the

initial PCK in this area was awo. Her final response was théthe learners camot

differentiate between climate change, greenhouse effect and global warming. | think they fail

to understand cl| ear.lThis i$ aneapprogriaten difficgltyara fher t h e s e
explanationshows knowledge oftudens @nderstandingHer knowledge in this area was

now seen as developinand her score was changed thiee

She also mdified the questions she would use tesass studerg thinkingand understanding
about conservig resources and the impact that mining has on the environStemtadded,
AAs Kk |l earners what t hey have | earnt about
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under st dnntbe preguestionnaire, 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 wegeven. Her score in this area remairted.

6.3.5.3 PostPCK, asiInferred from Ms D u lbessdonsPlan

Curricular Saliency

Ms Dube statedhe lesson's purposto be for students tdilearn that mining affects the
environment, human beings and vegetation and how it afféctalthough she did mention
theenvironmental andocial effects of mining, she did not mention the knowledge and skills
thatstudents would gain to help them tackle the issues caused by mieingcd€ based on

the lesson plan is &vo, which is the same as her scaretwo in the postguestionnairg

therefore her score remainstao.

According toMs Dube, the knowledgestudents should hav® understand the impact of

mining are iKnowledge on renewable and nmmewable resources, Knowledge on
conservati onanoff Knroewsl ceusrgceet saminnabi | ity and sust
These ideas weneot appropriateas these concept&se not directly related to the impact of

mining. This revealed that tHenowledgeenactedin this area idimited, but she scored a

threein the postquestionnak, and as sucher overall scorgvas changed to three

She gave twolearning outcomes for her lessotDescribe how mining impacts the
environnent , veget at i o nmnndébExplaintwaymta practicérearognmsing.
She gave appropriateoutcomes and sequencing was evidei@he scored twoni the post
guestionnaireandbecausall the important ideas were mentiongte was given an overall

score offour.

Conceptual Teaching Bategies

Ms Dubechose to use questiesndanswer, discussioandissueanalysisas her instructional

strategies for the lessos with the other participants, the researcher soaglditional

evidenceof how these strategies were used and if they showed learner involuamlenthe

activities section She starts the lessohy stating it h e [ i nk bet ween r
sust ai n&heithen moyes on to questmmdanswer andfi a s k s |l earners
existing/old mines in the c o.Shealsyaskiudehts whi c h
fiwhat they know about miningandwle ppens t o a site .boetheor e mi

main activity students would be givehihandout s wi t h disbefpreands of |
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after ,mftenwhithgtbey would be expected to write descriptions of how mining
affects the environment, vetation and human beings. She planned to end the lesson with a
discussionofi how aci d mine drainage affectsndaquat.
continue to discus§i ot her i mp a c Altbough thesenteathing gti@tegies were
suggested as telaer and student activities, there is emidence of participatory learning,
collaboration angroblemsolving which are key characteristics of ESBhe scored one in

the postquestionnaireand because of her description of how these strategies would be used,

shewas given an overall score wfo.

The questions that she thought were essential to her teachingiWérat do you know about
mining?, What do you think has to happen in the arefole mining can take placePlow

does mining impact the environment, vegetation and human beamgiCan we mine for
resources without disturbing the EarthAlthough the questions listed bOyls Dube are
related to the key ideand there is evidence of questions that require higher order thinking,
the questions do not encourgg®blemsolving She scored &wo in the postguestionnaire

and her response in the lesson plan was scorddea as her knowledge was seen as

developng. Her overall score then becathese

She decidedat use the BCSE chemistry textbook, a worksheet and handoass her
resourcedor the lesson. Her descriptiaf student and teacher activitishowedhow the
handout and worksheet would be used dutimg main activity to suppothe 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 lessoarplbut she scored fur in the postgquestionnaireand so her

overall score was faur.

Ms Dube chose to assess her studientsu n d e r s t a nestaram gssignsantnvpere they

would be required téidesign a plan on hovgreerdmining can be doneé.e. mining without

too much di st ur ban.cShe continuetiohdescribethat iirr tbeir playn t o

they should discuss homvining preverapr ogr es s t owar dnike seuppst ai nabi
guestionnaire response where she only mentioned that stwdmunltsfi d e s i gn,thss pl ano
description elaborates on the plamaking it an appropriate assessment stratiegypromotes

research skills and encouragesical reasoning angroblemsolving This responsprovides
evidencethat her knowledge in thiarea is exemplaryand she scored fur, which was

better than the score tfio that she received in her post questionnaire.
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StudentUnderstanding

The questions she planned to ask during her introduction Weérkat did you learn about

mining? What did y@ not understand about the lesson? Can we mine while not disturbing

t he EamdiWhad do you t hink ab é&arher maih &ctivityshpact s ¢
wrote,i mar Kk and g&wad & If @arm e rhds thevlessokn pléndemplated

had asked for questions that would be used, the researcher deaelddwdhe main activity

again to determine whether the questions in the worksheet were menfanedling to her

description students would be asked falescribe how mining affects the environment,
vegetati on andThdy woudin wibiet eégs b ei r i nterpretat
provided on bDunng thevaomckissoh ef @dar lessmshe stated that she would
Agive | ear ner s rebpensasbciearikg misconceptioesi discovered during
teachi ng and . Aithough therenveas évidemae @f questions to elicit student
understanding in the introduction, there was insufficient evidence of the questions being
aligned to the teachingrategies and resources she planned to use. She also did not list the
specific questions she would use during the main activity and concludenefore,her

knowledge in this area was seen as limitatl she was scoredoae As she had scored a

two in the post questionnair®]lsDu b e 6s over awb.l score was a

6.3.5.4 A Summary ofMs D u b €6ssPCK
Table 6.6 summ@&esMs D u b @dstPCK.

An analysis of Ms Du b e 6RDI quéstidrhaire and hex sPCK r o m
scores from the lesson plan shevat at times both her pPCK scores and ePCK scores were

the same, andt 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 indentifying the preconcepts required by students, representations and
guestions 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 madeMsDu b e 6 s post PCK wusing the rubr

Score from Overall score
Component of PCK q‘;if:‘;??f,’,ﬁg;ig?’ Final score (PCK) C;ﬁ:piﬁzn .
plan(ePCK)
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
Students misconceptions 3/3 3
Questions to access thinking 2/1
2.7
Overall post-PCK 2.9

6.3.5.5 An Interpretation of Findings from Ms Dube

MsDubeds o WEK wads lfoung e 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, sloald bettertransfer knowledge from thePCK to

inform her own pPCK. This suggests the existence of possible amplifiers. Duripgdter
intervention interviewshe saidfi | wi | | kdep myddarhess intecestad a different

way t hanThib edponseera@veals informatiahout her ealisation thathe 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 th@revious 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 filterscausingpoor knowledge transfeaand not allowing her to demonstrate her ePCK
adequatelyOne of the instances was in the area ofqomcepts required by students. When
analysing hepostintervention responsese found a statement that could have revealed a
possible filter in this area. The first was her stateniem,e al way s hass kmeo wtoh a
From this responseve could infer that this assumption could have acted as a filter in this
areaandmay have led her to negldat focuson accessing studenprior knowledgebecause

she believed that the students alreldgw. Thereforethere 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 shes titomskdls

to choose representations thatllvikeep her learers interested. This realisation that she
lacked knowledge could hawated as a possible amplifier fimansferringknowledge from

the cPCK to pPCK because she may have been eager to gain new knowledge on
representationgdowever, what could have actesl @an amplifier earlier omayhave acted as

a filter when she attempted @raw on her pPCK and demonstrdter ePCK.This same
realisation that she lacked knowledge could have caused a lack of confidence to employ the
new knowledge about representatiohattshe had gained. Perhaps this was because she

never had these skills before and therefore had never used them.

The last instance where sbeuld notdraw on her pPCK and demonstrate her ePCK was in

the area of questions that she could usessesastudens thinking. In her posintervention

interview she acknowledged that during her lessons she never attempsselssostudest 6

prior knowledge and said whi ch i s somet hi ng . Althowgla this no't d
realisation,otMsD u b e 6 s I¢hlemvetacted as@ potential amplifier, evidence from Table

6.6 shows that it may have acted afltar instead.Perhaps, since questioning tesess

student thinking was not something she did in the past, she may have lacked the experience

and confidencéo demonstrate her ePCK.

6.3.6 Mr F a k u siPps#RCK

6.3.6.1 PostPCK, asiInferred from Mr F a k urdervievd s

When asked whether his lesson planning would changefainaould, how it would change,

he mentioned that the content would be different. He §ald,'gaimg to include sustainable
development in topics that are relevant and also when I'm planning for the lessons | am going

to incorporate 0 .
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He continues to state that one part that intrigued him was the content on how and why to

assess t u d e n t nevdedge rThiowas His reason

I'm going to include it becausas teacherswe are always behind in the syllabus
When we're teachingwve are always trying to catch time, and we sometimes don't
assess our learners to ask what they know before we teawoh We alwayspoon

feed them all the timéMr Fakudze; Interview 2)

This response demonstrates how his knowledge about sfudederstanding has changed.
He acknowledges that he did not previously take time to assess siydemtsnowledge.

When asked about what he had learnt during the intervention about sustainability and
education for sustainability, he responded by acknowledging thdtabealways had a

problem when it came to teachirsgistainabilityrelated topics such a8 c onserfvati on
r es ou mHe addedl that he hdearnti s o many activitiedHethat
particularly referencethe blueberry muffin activity, saying, i t wi | | make my te
as it wild/ b e v eThi responseeshowsevidencg of tidivF & ke hb e 6 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 ealelseéd onpoe H goodrteacherimash ask thembebvds

A b e f oing éo tegch my learners, thehat? Why? When? How and Who?or my lesson

to be effective. He adds that the responses to these questions will helflsi,e | ect t he r
c 0 n c ehetmendioned that he alsedrnt thatiibefore | teachl should ask my learners

what dothey know before going to feed them with information | baMe ends his response

by admitting that these were things he never diltese responses are evidence of b
Fakudzeds k namdulardagiency andmdent understanding of the topic has

been altered.

In his responses, there was evidence MatFakudze had gained knowledge on different

aspects of the three components of PCK.

6.3.6.2 PostPCK, asiInferred fromMr  F a k WPdstqaedtionnaire

In this section| discuss the modificationsir Fakudze made to the responses in e
guestionnaire. These modificat®took place after he hadmpleted the online intervention.
The modifications were groupextcording to the PCK component under which they fall for
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uniformity. Each modificatiorwasdiscussed to reveal whether the modification caused any

changes o t he scor i negponsds usingptlCkKirebacc her 6 s

Curricular Saliency

Mr Fakudze madeano modificationsunder this componentn response to the question on

whether he agreed with the inclusion of sustainability issues into the curriculum and why, he
altered his responseth,as teachers we are agents of cre
about environmental issuesFor this question, hiscore for the initial PCK was three His

alteration was well articulated and still in line with one of the aims of the EGCSE sykabus

such his score remainedthree

Mr Fakudzealso chose to add a response to the question on why it was important for students

to know about the big ideas. He addhati They need t o okusemfnatirdi at mi
resourcesthereshould be a way or an alternative for the reclamation processder for

the resourcevsFalbudzedsenschne f awo,ahdnbecauseni t i al
this additional reason he stated was not clear, his knowledge in this area was seen to have

remained basjand he was scoredhao.

Conceptual Teaching ategies

He also modified his response on the teaching strategies he would use to teach the big ideas
by addingto his choice of strategieblr Fakudze added to his initial teaching strategy of site
visits for both big ideas. For Biglea A he added that he would aloi nt r oduce r ene
and nonrenewable resources and add that resources are not only minerals but water, trees
we have to conserve them because they areg nem e w.d&tr Bigldea B he added that he
wouldii nt r o dolwecberry mbffen activity even if the school trip is not takeHlis
response did not give any reasons why he would use these strategies. His tulthioky

idea was not well articulateghdrevealedMr F a k u draseo@cgption that trees aaenon
renewable resourcedis addition concerningBig Idea B corresponds ttMr Fa k ud z e 0 s
interview responsavhere he said that he found the blueberry muffin activity very interesting.

His initial score for knowledge of teaching strategies wama, and although he added

strategies, he did not justify his choices and as such his score in this area rernamed a

He also decided to modify his initial choice of the representations he would use to teach the
big ideas. FoBig IdeaA, he added that he woufdi nt r oduce t he s.Hnoe box
his attempt to justify his choice, Mr Fakudze states that he would use his attivity s h o w
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that mining without a recl amati oForbigidea8,ess r €
he added the blueberry niiaf activity. Although he representatienadded byMr Fakudze

were appropriate, his justification was insufficieamtd the description of how they would be

used to support conceptual development was inadequate. This modification dftécidtis

initial score oftwo.

He also modified his response on the assessment strategies he would use when teaching the
big ideas. He added that he would Sean assi gnment where stude
i mpacts of mi ni n g Heoalso plahned t@ & jliestians lbased brothe
shoebox mi ({®ee Figuret6i2Y).i Hisyassessment strategies were appropriate and
cleaty indicaied how they were linked to the big ideamd for that reasgrhis score was

changed from aneto athree

Figure 6.27

Mr Fakudzeds modifications on the assessment str

What ways would you assess student thinking and understanding about conserving resources

and the impact that mining has on the environment?

1. Explain the effects of mining on the environment being vegetation, land, and water?
2. Setting an assignment where students will describe the impacts of mining on the
environment (vegetation, human being and animals)?

3. Forthe conservation of resources ask questions based on the shoebox mine activity.

Student Uhderstanding

When asked to review his responses to questions under this compdnéiakudze made

changes to two questions. When asked what he found difficult about te&hitdeaA, he

added dhdt nbé have enough knowl edgseorBipout cc
IdeaB, his initial response referred to his school not alhgwisits tolocal mines. This was

not a student difficulty but a challenge imposed by the school. His modification was not a
difficulty; instead,he added thalhe might no longer solely rely on the field trips with his
knowledge of the blueberry muffirctivity. AlthoughMrFa k ud z e 6 s BigldedA cul t vy
was appropriate, there was no evidence of justification and astsacdcore in the area of

difficulties remained &wo.

Mr Fakudze also odified his questionso assess studest thinking. In thepre-questionnaire,

he respnded with a single questipbut after the interventiorhe added four more questions.
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The questions weréWhat can be don® minimise the impacts that come with mining to the
environment? Define renewable and nerenewable resourcesName the resources you
know and classify them as renewable and swenewabl®, a n d WHat can be done to

conserve nomenewable resources stated above?

His final response consisted of an extensive list elstjans appropriate for eliciting student
understanding. His knowledge in this area was exemparihe questions were linked to his

choice of teaching strategy. His score was changed framei® afour.

6.3.6.3 PostPCK, asiInferred from Mr F a k Wdsgoa s

Curricular Saliency

For the lessonMr Fakudze statethe objectivedito discuss the environmental impact of

mining on vegetation, human beings and anitmalsdfito discuss possible solutions to the
environment al i mp a dhe seasonanergianetl wére apprapriate asghe
mentioned the environmental and social effects of mining. There was also evidence of a link

to the studentdés role with regard to finding
could havebeen exemplarybut thee was no evidence of an-tlepth understanding of the

link between the environment and society, and as suctgdred ahree He scored &wo in

the postquestionnairgtherefore his overall score wasthree

According to him, the preonceptstudentshould haveo understand the impact of mining is
thefii mportance of c oThis eoncept isilgappropEiate as rit cise otda
prerequisite for understanding the topic. He reveals a limited knowledge-obncepts in

the lesson plarand his sore in the postuestionnaire was alsoose,so his score remains a

one

Mr Fakudze stated two learning outcomes for his lesson. He Baido describe
environment al i mpacts of mini ngandit or eqgeermhea tu o
withposs bl e i nnovative solutions t &hebucemeghevi r on
gave were appropriate and sequencing was evidevgalinghis knowledge was exemplary.

His score was changed fronoaeto afour.

Conceptual Teaching Bategies

The instructional strategies tHdt Fakudze chose to use for the lesson veefideo,teacher

led discussios simulation, group gesentations anbrainstorming His descriptions of the
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activities of the lessohad evidence of learner involvement. He adiuicedthe lessorwith a

teachefled discussion oii how a mi ne istartingwsth fadpd v srhrerden t hi
environmentalists who <conductanagaridee coveringo n me n {
the same discussion topic.hd discussion wodl be followed by student group
representativepresenting theii s u mmar y of wh at t.IF@ hemmiaw i n
activity, the teacher would explain that @ineral is found around the schochnd
government i s i nt er eNrtFekddze wouldrthefndsigngeach grap mi ner
to conduct an environmental impaasg@ssment for the mine and identify the possible impacts

of the mine on; vegetation, human beings, an
The lesson would end with groygresentations where each group wodlpp r e s en't t he
environment al assessment to tothefii cnpass samdatt
come wi t h The deeriptram of leow these teaching strategies would be usedsshow
evidence of partigatory learning, collaborationcritical thinking and problemsolving

which areall key characteristics of ESD. His score in the post question was ane,and

because of his description of how these strategies would be issdphe was changed o

four. It is worth mentioning thaMr Fakudze did not use the same conceptual teaching

strategies for the posjuestionnaire and lesson pjamey were completely different.

The questions thidhe thought were essential to besching werefiHow does miningiffect

the environme® andiit What are possible solutions to tt
caused b yThese goestiorg Were related to the key,idad there was evidence of

guestions that requidecritical thinking andoroblemsolving His knowledge in this area was

seen as exemplgrand his score was changed froitiigeeto afour.

The resources that he chose to use for this lesson viekeiad e 0 on t he environ
assessment and est afbH a rsdanennmpactodf mirdng, mhowireg 0

di fferent i mpacts o0na ko summailyron impasts of mining srwat i n
vegetati on, h u ma n. The eesarigtisn®fathre dactivatiesi thratawosid be

carried out by the students and teacher, andjtlestions 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 us&tt. Fakudze was scoredt@&o in the post questionnaire

and the knowledge he displayed in the lesson plan was also seen asddsg score

remained dawo.
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According toMr Fakudzebds | esson plan, as an assess
homeworkwherefi ach student will submit his/her possible solutions to the environmental
impacts of mining on the environment, vegetation, human beings and adiriais
assessment strategy is appropriate as there are indications of how it is linked to the main
concept bimg taught. It also encourages critical reasoningm@otlemsolving which shows

exemplary knowledge in this arend as sucthe scored &our.

StudentUnderstanding

The questiondMr Fakudzep | anned f or hi s Why istam endirancnéntalo n we
i mpact assessment conduct amfiBased oo thevidao clipi ne i
howwere human beings, vegetation and animals affecteitidog st abl i shment of
For his main activityhe plannedtoaski How does mi environgnen®8Dfiriegct t he
his concl usi on, Cahthe impaatsiodmineng lie avwidet lbefore fi@nyi

takes placeHow? Although he only planned to ask one question during his main activity

and conclusion, which was not extensive, this questiomd 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 thinkind the questions were

aligned to the teaching strategies and resources he planned td@hesguantity ofMr

Fakudzé s (g u svasbverlmoked due to the quality of his questioasd for this reason

his score was four.

6.3.6.4 A Summary of Mr F a k u dPog-BCK

Table 6.7 shows a summary Blir F a k u dppseP&K. The final score for eaatategory
was determined by selecting the higlseores received from the pd3DIl questionnaire
(pPCK) and lesson plan (ePCK).

An anal ysi s ofKavdePEKaskas dhovebotls hispplPGK scores and ePCK
scores weralwaysthe sameor his ePCK scores were higher than his pPCK scores. This

suggests that Mr Fakudres able talraw on his pPCK to demonstrate his ePCK.
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Table 6.7

A summary of the observations madevmFa k udze és post PCK using the

Score from Overall score
Component of PCK q‘;if:‘;??f,’,ﬁg;ig?’ Final score (PCK) C;ﬁ:piﬁzn .
plan(ePCK)
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
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 Fakudz e ds -POKewas found tp des tleveloping, there was a
component where he displayed an exemplary -B&€. This component was that of
knowledge and skills about the conceptual teaching strategies of the topic. This means that of
all three compnents, 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 transferOn analysis of his interview responses, the researcher was unable t
identify possible factors that could have acted as amplifidithough the components
dealing with knowledge of curricuar saliency and student understaddd not yield the
highestoverallscores, there were instances where hisP&3{ was exemplaryOne instance

wasin the area referring to the cmpts addressed when teachihgthe responses to his
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postPDI interview he saidiiwe ar e al ways beWecgoudinfenfromhe sy
this response that this would mean that he has to focus deatieing of content anés

such this could have acted as an amplifier in this area

Another area wherMr Fakudze showed an exemplary pB€IK was in the area of his

ability to use questions tesgess student thinking. This showee possiblity of the presence

of an amplifierin this area. When analysing his interviews,identified a possible amplifier
saying: Wwe someti mes donoét assess OAsrseehwiththemer s t
other teaches, this realisatiorhas actedas an amplifie and a filter In the case ofMr

Fakudz, it may have acted as an amplifier

6.4 AComparison of t hietervErdiand3PEK s 6 Post

The interviews revealed that all teachel@nned to make some changes to liogy planned
their lessons. Table 6.&immarisessome of the ways the teachers planned to change their
teaching and the component it reflected.

Table 6.8
A summary of teachersdé6 responses to the intervie
Teacher Response PCK component
Mrs - Relate content to social and environmental issues CS
Zikalala - Use problersbased learning CTS

- Asess studenrd @ior knowledge SuU

- Use inquirybased and studententred learning CTS
Mrs - Asess studenrd @ior knowledge SuU
Dlamini - Incorporatesustainability issues into topics CS

- Preparation of questions tosgess studerd tinking SuU

- Use teaching methods that promofroblem-solving CTS
Mr Mavuso - Use participatory learning, allow learners to share ideas and s CTS

problems

- Assssstudenia @2ior knowledge sSuU

- Discuss relevant issues in existing topics cS

- Use teaching strategies that promote meaningful learning CTS
Mr Cele - Use questioning that allows critical thinking gomblem-solving CTS

- Incorporat relevant issues into topics CS

- Makethe content relevant to realife situations CS
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Teacher Response PCK component

MsDube - Use participatory learning CTS
- Assess studerd ®ior knowledge (said twice) SuU
- Preparation of questions befotbe lesson CTS
- Discuss relevant issues CS
- Select teaching methods based e strengths of learners CTS

Mr - Incorporate sustainability issues into topics Cs

Fakudze - Assss studerd §2ior knowledge (said twice) SuU

Although the participants focused on different aspects ofdhgonents 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 straseghat promote problesolving and
participatory |l earning, and assessing studen
evident in the préntervention data; they only became evident after the teachers had

undergone the PDI in the pesterventon data.

A t e a c h-iatengestionpBCKtscore was found by analysing their responses in both the
postintervention questionnaire and lesson plan. The -gosstionnaire responses were
analysed first and scored using the PCK rubric. This was followedntanalysis of the

lesson plans that the teachers had created using the same rubric. The two scores were
comparedand the better of the two scores was taken to be thamestention PCK of the

teacher. In the tables above (Table 6.2, 6.3, 6.4, ®@5a6d 6.7)the outcome for each sub
component (component prompt) was shown. The averages for each component were then
calculated to get scores for ed@GK componentThe researcher chose to use score averages
rounded to one decimal place so twaile comparinghe pre and postPCK scores, even the

sl ight changes to the teacherssRCK sti@igs haveul d b
used whole numbers to represent-paad postPCK (Makhechane & Mavhunga, 2021
Mavhunga, 2019ahowever, soméave used decima(®azibe et al., 2020 Since the focus

of this study was on the possible ,a®myvel opn
development, whether minimal or major,importantto the researcher. The use of whole
numberscould conceal the fact that there was some developniestefore averages to one

decimal place were used. In this comparisoily the PCK component s@&w for each
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participant are shown. A summary of the comparisoh t h e post aterkeatiors 0

responses using tHRCK rubricis givenin Table 6.%elow.

Table 6.9

A compar i s on pasfintetvdnteon respansgeresmpdnent

Score
Component of PCK Mrs Mrs Mr Mr Ms Mr
Zikalala | Dlamini Mavuso Cele Dube 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 29

The component referring to the knowledge and skills related to conceptual teaching strategies
had the most teachérsighestPCK scoresMrs Dlamini scored highest in the component of
knowledge and skills related to studer@nderstandingand Mr Cele hadhis highest post

PCK score in knowledge and skills related to curricular saliency. Five of the six teachers had
their lowest posPCK score in the component of knowledge and skillated to student
understanding, wittMrs Dlamini having her lowest score in knowledge and skills related to
curricular saliency. OveralMrs Zikalala had the highest peBCK scoreandMrs Dlamini

had the lowest.

6.5 Chapter Summary

This chapter investigatsddh e t e a ¢ h e pasiaipatiRglD K prefdsdioaatl development
intervention. The dataas collectedduring and after the intervention through interviews, a
postintervention questionnaire and a lesson plRuring the interviews, teachers were asked

if and how their lesson planning would be differenfuture and what they learnt from the

PDI. The findings from each participant were first presented separately and then later
compared in a sumary table (Table 6.8yevealing three teaching aspettia the teachers

were planning to change. These were; incorporating relevant/sustainability issues into the
lesson, using teaching strategies that prompaoiblemsolvingand participatory learning, and

asessing studest prior knowledge.
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The PDI was condered a source of collective PCK (cPCK) as the content that made up the
intervention was a combination of contributions from various professiodBadsc h t eac her
postintervention pPCK score was found by analysing their responses in bothoshe
intervention questionnaire and lesson plaihe PCK rubric wasused to score tise
regponsesand a pPCK score from the pagtestionnaire and an ePCK score from the lesson
plan wasdetermined According to the RCMCarloon & Daehler, 2019 the level and quality

of knowledgetransfer between the cPCKthe pPCK, and the ePCK, depends on how
amplifiers and filters act in the teach@nsinds. These could be the learning contéarlson

& Daehler, 2019 a teachds values, seléfficacy, commitment, emotions, knowledge,
beliefs, micrepolitics (Hong, 2010, enthusiasm(Sorge et al., 20)9and selregulatory
skills.

The final post PCK score was found by selecting the higher of thessameived from the
guestionnaire (pPCK) and the lesson plan (ePCKis Value can identify the post PCK of

the teachebecause ePCK is a subset of pP@arlson & Daehler, 20)9The ePCK is used

by a teacher wheplanning, teaching and reflecting on a lesson. During this enagctthent
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 dfet participants, there were three findingse 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.

| f a teacher 6s e P CKsame, il coddhh&/E meamt that thesteashermvas t h e
able to drawsufficiently on their pPCK to demonstrate their ePCK. If a teacher had a higher

ePCK than pPCK scor¢here is a possibility th&# o me aspects ofwetehe t ea
amplified in the ePCK simc a teacher cannot enact a pPCK that they do not hénge.

Zikalala, Mr Mavuso andMr Fakudze were the only three participants who did not have
instances where their ePCK was not fully demonstrated. Possible amplifidssfdikalala

could have been héeliefs about the nature of science content laedrole as a teachevir
Mavusods amplifier could have been a possib
more teachecentred taa studerdcentred approach. Possible amplifiersNorFakudze were

not revealed to the researcher. Although three of the six participants had at least one
incidence where the ePCK was lower than plaek this did not mean they did not have
instances where the ePCK was higl@ther possible amplifiers found were that dienest
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and commitment, fronMr Cele and knowledge of student attitudes, frbte 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 pP&ifes the teachanight have failed to

draw on their pPCK to demonstrate their ePCK because of filters. As mentioned, earlier
displaying a lower ePCK than pPCK couilddicate the presence of filters. Fromirs

DIl amini s responses, It was evident that he
filter, as they may have affectbdw she views haesponsibility as a teacher. In some cases,

like Ms Dube, it was found that, in the area of representations, adted as an amplifier for

the transfer of knowledge from cPCK to pPCK, possibly aatsteadas 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 PCHuifé 6.28 illustrates how, in the case of

MsDubeds choice or representations, a factor

Figure 6.28

Presence of filters and amplifiers informing transigdmetween the three realms of PCK

Realisation that she
lacked skills

{causes eagerness to
aquire new knowledge)

Knowledge
exchange

pPCK (4) —lﬁ\

1 \

Realisation that she
lacked skills

[causes a lack of
confidence to employ
new knowledge)

In other cases, such & s Dlamini, Ms Dube andMr Fakudze, there was the possibility of
the same factor acting as an amplifier for one teacher and a filter for ari@tbly, it was

found that a factor that acted ass amplifier for transfer of knowledge in one component of
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PCK, acted s a filter in another component, for the same teadries. was evident with Mr
Fakudzeand his focus on content deliverlt. is worth noting that althougfilters and
amplifiersinform knowledge transfer between the three realms of PCK, there were instances
where the researcher could mtentify filters and amplifiers from the interview responses.

To determine if thexwere any changes in the quality of the teagh®CK about he topic,
the researchecomparede ac h o f t h entetventioc RCGKrsards wifh rtheir pest

intervention PCK scores. This comparison wasleto answer the fourth research question

1 How does a professional development intervention influence théogavent of an
experienced chemistty e a c topcispedfic PCK 6theextraction of metals?

Table 6.10 presents the prand postPCK scores for all the participant®ncerningeach
PCK componentEach of the three components is divided into three cauome for the pre
PDI score, one for the peBDI scoreand the other to show the gain in PCK, if there was
any. The last two columns also give person averages for both thBOdrend posfDI
scores. The average scores per comporfente also beemcluded in the last row of the
table.

Table 6.10

A summary of the shifts in the ppestPCK of the teachers

Component  Curricular Conceptual Student PERSON AVERAGE
of PCK saliency teaching strategies  Understanding

SCORE Pre Post Gain Pre Post Gain Pre Post Gain Pre Post Gain

Mrs 3.3 3.8 0.5 2.8 4.0 1.2 3.3 3.3 0.0 3.1 3.7 0.6
Zikalala
Mrs 20 25 0.5 1.8 2.5 0.7 2.0 2.7 0.7 1.9 2.6 0.7
Dlamini
Mr 25 3.0 0.5 2.0 3.3 1.3 1.7 2.7 1.0 2.3 3.0 0.7
Mavuso

Mr Cele 30 35 05 23 30 07 20 20 00 22 28 0.6

Ms Dube 28 28 00 20 33 1.3 23 27 04 24 29 05

Mr 20 2.8 0.8 2.0 3.5 1.5 1.7 2.3 0.6 1.9 2.9 1.0
Fakudze

Average
scores per
component

26 30 0.4 2.1 3.3 1.2 2.1 2.6 0.5
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When comparing the preand postPCK 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 PCKMs Dube,Mrs Zikalala andvir Cele only showed changes on two of the
three componentdds Dubedid not show any change in the quality of her PCK on curricular
saliency of the topic, as both her pa@d postscore were 2.8Virs Zikalala did not show any
change in the quality of her PCK on conceptual teaching strategies about the topic, as her
scoe remained at 3.3Mr 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 Tall&a€i¥6 of

the six teacherbad prePDI scores that showed a basic PGKs Zikalala wa an exception

as she had a developing {#®I PCK score.

An increase observed between the-@med posintervention scores wasvidence of PCK
developmentThis indicates that thieacher was able to transfer knowledge from the cPCK,
which was found irthe intervention, to their own pPCHhe researcheknowsthat not all
knowledge transfer can be attributed to the intervention. Since the intervention occurred
duringthe 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
teacheiteacher and studetgacher interactionwere not possible at this tim&he ability of

a teacher to make this transfer of knowledgpendson amplifiers and filtes. If a teacher
showed an increase from the {f#€K to the posPCK, we could assume that there were
amplifiers that allowed the teacher to draw on the cPCK and inform their own. pP@&re

was no increase that was observed between theapdepost intervention scoreghis could

have indicated that the teacher did not present evidence of PCK development. If theGeachers
pre- and post PCK were limited, his could have meant that when the teacher attempted to
transfer knowledge from the cPCK to thewn pPCK, the cPCK did not settle as pPCK
because of the presence of filteksiother assumption would be that if the teathpre and

post PCK were basic, the teacher did not find it necessary to present the information that
would indicate a knowledggain, which would be evidence of a lower level of PCK. If the
teaches pre and postPCK 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 coponents 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

201



had the lowest gaininthetedner 6 s qual ity of PCK. The highe
of PCK was on the conceptual teaching strategies of the topic, as their grerBfg scores

were 2.1, and their averagpostPDI score was 3.3. This finding was similar to

Ma k h e c (k@) &nalisgsconcerning®GCE preservice teachers.

The person averageshich are the overall prpostintervention scoresare also included in

Table 6.9.From these person averages, it is evidbat all participants showed an overall
positive gainin their PCK0 s g asaal rasult pf the intervention. This means #ititough

in some instances participants failed to enact their pPCK in the lesson plan, all the teachers

coulddraw on the cPCK, which was the intervention, and demonstrate their pPCK.
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7 CHAPTER Y7
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 sudy wasfiHow does a professional development intervention (PDI) influence
experienced chemistry teachersodé personal PCI

through their planning of a lesson the extraction of metalsy

This primary question wagdken down into four secondary questions:

1. What are chemistry teachersdé views about
sustainability?

2. What is the nature of personal togigecific PCK abouthe extraction of metals with
big ideas related to environmengaistainabilityr eveal ed i n the teach
prior to the PDI?

3. What is the nature of personal togigecific PCK abouthe extraction of metals with
big ideas related to environmental sustai
after the PDI?

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

experienced chemistty e a ¢ topcispedfic PCK ortheextraction of metals?

The chapter starts with an overview of the purpose of the study. It follows with a discussion
of the study's methodologgnd how it aligns with the framework used for this study. Each
research questidinames a section in this chaptegxplaining how the data was collected and
findings wereused to answer thatesearchquestion. The chapter thenfleets on the
methodology, using the grand rubric for P@Bhan et al., 20)Qusing an online intervention

and acknowledges tistudy's limitationsThestudy's findingsare discussed and followed by

the contributions that the study made in relation to these findimgjtha 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

Thestudy's main prposewas to explore chemistry teacheysrsonal and enacted PCK about
the extraction of metals througteachingbig ideas related to environmental sustainability
before and after an online professional development interventionch®mistry teachers
were purposively and conveniently selected as participants. The topie ektraction of
metals wagrimarily choserbecausef the opportunities it providedxpressed as learning
outcomes in th&GCSEphysical science syllabus, for teachers to infuseidegs related to
environmental sustainability. These focus areas which informed the big ideastheere

impact that mining has on the environmantithe conservation of resources.

The data collection for this qualitative study took place in three phbsésg during, and

after an onlie intervention. Figure 7.1 shows how the research questions and data collection
align with the study's conceptual framewoekplained in Chapter 2. The personal PCK of
the teachers before the online intervention wasucagtusing the responses to the screening
guestionnaire Appendix B and a prerofessional development intervention (PDI)
guestionnaireAppendix Q. The responses from the screening questionnaire were discussed
underResearch Questioh and the responses to the ##B| questionnaire were discussed
underResearch Questidh The framework illustrates how the collective P@#resented in

the expert CRe and model answers (Append)x ihnformed the intervention (Agmdix H)

given to the & participating teacherd he researcher assumed thay development of the
teacher sé per s onchiefy ByGh¢ interaestioriecatise thenkodls were
closed during the interventiatue to the national COVH29 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
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Interview protocda (Appendix E F andG) wereused to capture the teacHgysrsonal PCK
during and after the intervention. It was through these interviews that evidence of amplifiers
and filters emerged. The amplifiers and filters that emerged duringniheledgetransfer

from the cPCK to pPCK were addressed uriReseach Questiord, and tlosethat emerged
during the knowledgetransfer from the pPCK to ePCK were addressed uRdmearch
Question3.

A postP D | guestionnaire was al s osonal PEKdaftet the capt |
intervention. These responses were discussed Wefmarch Questidh Although the initial

hope for the study was for the researchesliservethe teachers as they enact their PCK, this

was not possible ake schools were all close The researcher used a lesson plan template

(Appendix L to capture the teachéenacted PCK during the planning phase of enactment.

The sequence of concentric circles in the framework symbolically situates one realm of PCK

within another. Thisequene illustrates the overlapping nature of the three realms of PCK,
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with each realm being a subsidiary of another. It shows that the three realmsiapendent
on each othethat ePCK is a subset of pPCK, and #fRRCK is a subset of cPCK.

Thedata analgis usedh validated PCK rubricAppendixH) designed using the grand rubric
for PCK(Chan et al., 2009 The components of PCK in the rubric used for this study were
aligned to the CoRe promptsoughran et al., 2004 adapting them to elicit the knowledge

of the PCK components. During the analyi® researcher also referred to the expert CoRe
of extraction of metals. These two instruments for analysis werdopedeto assess the
quality of the participating teacheRCK 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 givemdadachers 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 questiofhe findings are summaed below.

7.3.1 SecondaryResearch Questiorl
Secondary Research Question 1 wA& a t are chemistry teachersbod

and education for sustainability?

The t e a ¢ h eabost0 sustainalelev slevelopment and education for sustainable
developmenivere a®ssed before the intervention through the screening questionnaire and
after the intervention through interviews. Before the intervention, all the teachers agreed that
sustainaility 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, pollutionctexiraf metals,

ozone depletion, climate change, conservation of natural resources and recycling. The issue
raised most frequently by the teachers was the conservation of natural resoant®ned

by four of the six participants. After the interventiothe teachers still agreed that
sustainability was relevant tchemistry 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 fivé the teachers mentioning them, were pollution, global
warming and climate changldotably, one of the participants, who had not mentioned any of
these issues before the intervention, mentioned all three frequently mentioned issues,

including conservatiomf resourceswhich 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 whiclphysical science topics could be used to address sustainability issues,
most teachermentioned the tdp ¢ netalg After the interventionin addition tothe topic

of dmetal§) the topic of monmetal® and drganic chemistwere mentioned by four or

five participants. Interestingly, the same teacher mentioned above, who had not given any
response Here the interventiorregardingsuitable physical science topics, mentioned all

three of these frequently mentioned topics after the intervention.

Teachers revealad the screening questionnatteat they had more uncertainties about ESD

than SD. Three of the six participants wanasure whether ESD pedagogies were student
centred, and two of the six weresume whether ESD promotes participatory learning and

higher order thinking skills. It seemeldat the teachers were generally not infornsdmbut

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 hgohinbattention to the aims of

the EGCSEphysical science curriculum made available to themhatkteginning of every

year by their administrators. This was revec:
where they admiédthat syllabus coverageastheir main focus.

In one of thepostintervention interviews, the researcher asked the &ackhat 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
problemsolving critical thinking and participatory learning. Thesal@gogies are student
centred and <characteristic of ESD, and the
regardingeSD.

7.3.2 SecondaryResearch Questio
Secondary Research Questibwas:What is the nature of personal tofgpecific PCK about
extraction ofmetals with big ideas related to environmental sustainability, revealed in the

teachersdé 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 reseatcleer est abl i sh the | ev
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personal PCK abouhe extraction of metals, through the teaching of big ideas related to
environmental sustainability, before an online professional development intervention. The
guestions focused on obtaining infornoatifrom the teachers abouhatthey would consider

when teaching lessons ofithe extraction of metald with a particular focus onthe
environmental impact of miningnd conserving resourcesAll the questions from the
Loughran et alk (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 utilisedarubrict o assess the qual indafourpdintdcdlee t eac
with scoresof 1 for limited, 2 for basic,3 for developingand 4 forexemplary(Park et al.,

2011J). It was found that all the teachers had a basiePrePCK, except foMrs 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 tressghérs had in common

was that they were experienced teachers. It is possible that their experience with teaching
chemistry and the topiof fi t hxeactien of metalgin particular could be the reason for a

high score in the component of Q&:s Zikalala, Mrs Dlamini andMs Dube had their lowest

scores in the component of conceptual teaching strategiddir Mavuso,Mr Cele andVir

Fakudze had their lowest scores in the component of student understanding.

7.3.3 SecondaryResearch Questio3
Secondary Research Questbwas:What is the nature of personal togpecific PCK about
extraction of metals with big ideas related to environmental sustainability, revealed in the

teachersdo planning after the PDI ?

This researclgyuestion focused omansferringknowledge from the pPCK to the ePCkhel

final postinterventionPCK score was found by selecting the higher of the scores received
from the questionnaire (pPCK) and the lesson plan (ePCK). ThenpestentionPCK of the
teacher can be idefied by this value because ePCK is a subset of pRC#ilson &
Daehler, 201p The ePCK is used by a teacher when planning, teaching and reflecting on a
lesson. During this enactmetttie teacher only uses parts of the leiggealm of pPCK. This
means that the ePCK makes up only part of the pPCK. On analysis of these two scores for
eachparticipant there were three findingshe ePCK and pPCK scores were the same, the

ePCK score was higher than the pPCK score, or the ele@i¢ svas lower than the pPCK
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score. The differences between the pPCK and eBl@Kved thgresence of amplifiers and

filters in ransferringknowledge between these two realms of PCK.

Mrs Zikalala,Mr Mavuso andMr Fakudze were the only three participants who did not have
instances where their ePCK was fully demonstrated. Possible amplifieMrdaZikalala

could have been her belssdibout the nature of science contend her role as a teacher. In

her interview esponsesshe 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
issuesMrMavusoods amplifier could have bden a po
from a more teacherentred toa studenicentred approach. Possible amplifiers fdr
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 dig¢awtiney did not

have instances where the ePCK was higher. Other possible amplifiers found were that of
interest and commitment froMr Cele and knowledge of student attitudes frivis Dube.

The cases of the teachers that displayed an ePCK that wastleétlsarme or higher than the

pPCK were more frequent.

FromMrsDl ami ni 6s i nterview responses, it was e
may have acted as a filter, as they may have affémiadshe viewed heesponsibility as a

teacher. In some cas, likeMs Dube, it was found in the representations, what acted as an
amplifier for transfeting knowledge from cPCK to pPCK, possibly acted as a filter for the
transfering knowledge from pPCK to ePCK. In other cases, suddrasDlamini, Ms Dube

andMr 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 althditgns and amplifiersnform

knowledge transfer between the two realms of PRIKCK and ePCK, there weeinstances

where the researcher could not infer possible filters and amplifiers from the interview

responses.

Possible amplifiers revealed from the teacbhererview responses were thawareness of

the abstract nature of scientific contethie realisation that they lacked knowledge in some
areas, awareness or new knowledgelifferent types of teaching strategies, and focusing on
content delivery. Possible filters revealed were beliefs that students should be independent
researchers, assumptions tttsudents already know the content, lack of confidence to
employ new knowledge, lack of experience and focusing on content delivery. Three possible
scenarios were founggardinghow amplifiers and filters affeénowledge transfeirom one
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realm of PCK ® 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 seerMwiibube andMrs
Dlamini and their lack of experiencen using questioning to sass studest dorior
knowledge. Secondly, a factor that acted as an amplifier for trangfénowledge from
cPCK to pPCK, could also act as a filter faartsferringknowledge from pPCK to ePCK.

This was evident wittMls Dube where her realisation that she lacked klealge 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 gainedhasdssplayed an ePCK that
scored lower than her pPCK. Lastly, it was found that a factor that acted as an amplifier for
transfering knowledge in one component of PCK acted as a filter in another component. This
was evident witlMr Fakudze and his focus @ontent delivery.

7.3.4 SecondaryResearch Questiod
Secondary Research Question 4 wémw does a professional development intervention
influence the development of an experienced chentistna ¢ togcrsi@esific PCK orthe

extraction of metals?

This researh question focused omansferringknowledge from the cPCK to the pPCK. In
this study the cPCK was represented by the interventienom the person averages, it is
evidentthat all participants showed an overall positive gain in the quality of their pPCK as a
result of the interventiormhis means that all the teachers were able to draw on the cPCK and
demonstrate their pPCKeigure 7.2 summarises the difference betweenttiea c her 6 s
intervention PCK score and pdstervention PCK score. These scores are the overall PCK

scores, with all PCK components included.
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Figure 7.2
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According to the RCM, science learning takes place within a cqraegtthis context can
serve as an amplifier or filter to the transfer of knowledge between these twis. rikab

worth reminding the reader that during this intervention, the learning context for these
teachers was ndypical. The teachers were at home, due to the COY8Dockdown, with

no exposure to students or other teachers.

From the interview responsaswas found that all the teachéyslievedthat it was important

for students to learn about sustainability and even gave reasonysal$begreed on the key
role they needed to play in the implementation of ESD andtthata ¢ heededpsofessional
development on how to incorpae sustainability into their teaching. These views could have
acted as amplifiers for the teachers as they show lleéefs about the purposd# teaching.
Another amplifier could have been the flexibility of the online weation as five
participants mentioned in interview responses that toeyd go through the intervention at
their own pace when it was most convenient for them. When comparing thanpr@ost
interventionscores for the different PCK components, it \ea&lent that three participants

showed a positive gain in the quality of their PCK on all three components of\PIBube,
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Mrs Zikalala andMr Cele only showedraimprovemenin two of the three components. An
increase observed between the-paed posintervention scores was evidence of PCK

development.

Before the intervention, the participants had the highest average score in the component of
curricular saliency. This component al so had
The highestgain n t he teachersdé quality of PCK was ¢
the topic.

7.4 Discussion of theSt u dRndings

As mentioned earlier, thstudy aimedto explore experiesed chemistry teachers PCK of
environmental sustainabilitypefore and after an online interventiomhen teaching about
extraction of metalsThe quality of the participating teachelPCK was assessed using the
components of PCKskills and knowledge related to curricular saliency, student thinking and
conceptub teaching strategies abotlhe 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 teadrmewledgeof 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 showtlieateabers had uncertainties
about ESD before the interventiobhis meant that the foundation foevelopingtheir PCK

about environmental sustainability was not solid. These uncertainties alsedffeat they
plamed and condu@d a lesson(Magnussonet al., 1999. After the interventionthe
participants revealed through interviews why teachers were the key agents in the
implementation of ESD and that ESD requiteaching methods that promopeoblem

solving critical thinking and participatory learning. According Burmaster and Eilks
(2013) a positive attitude knowledge of contentand suitable teaching strategiase

requiremergfor infusing SD into teaching.

The study focused on how chemistry teachers reveal their PCK about environmental
sustainability when pparingto plana lesson orthe extraction of metals. Their preparation

for the planning was revealed in their responses to questionnaires and interviews, as these
guestions solicited information on how they would plan their lesson. The final outcome of
evaything that was donehe intervention, the questionnaire and the interviews, was the

planning of a lessonThey revealed their PCkarough various instruments in this process
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The teachetpre and postintervention 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
interventiont he teacher ds knowledge of curricul ar
of conceptual teaching strategies and student understanding. This finding was similar to
Makhechane's (2021) findingath PGCE preservice teachers. This meant that the teachers
had better knowledge about the important concepts that needed to be taugrectimcepts

needed by the students to understand the new concept, the concept iteelivéimel concept

could be sequenced in relation to other concepts.

The study found that the quality of the tea:t
the teachers. This showed that the experienced teacbetd 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 oéthistch

teachers, the study showed a varying increadeCK development amongst the teachers.
Similarly, Mavhunga (2019afound that the improvement of pservice teacherdPCK

varied desjpe exposurdo the same intervention.

The study also showed that some teachers had poor tramgsfer knowledge from their
pPCK to their ePCK as theyould notsufficiently draw on their pPCK tdemonstrate their
ePCK fully. Mazibe et al. (2018had $milar findings when comparingeichers' reported
PCK and enacted PCKAccording to Shulman (1987hefore a teacher enacts a lessan
reasoning process must occlihis process allows the teacher to make decisabosit how
the content will be deliveredbased on their knowledge basdedagogical reasoning
therefore drives the transfer of knowledge from pPCK to ePCK and can alsuflbenced
by factors such aseachersbeliefs, context and affective factdidavhunga, 2019b These
factors are referred to as amplifiers and filters in the R@Mrison & Daehler2019.
Possible amplifiers or filters includeteached salues, sekefficacy, commitment, emotions,
knowledge, beliefsand micro-politics (Hong, 2010. An amplifier that was identified by
Mavhunga ad van der Merwe (2020)hen investigating the translation of ePCK in the
planning stage (ePGKto ePX in the teaching stag&as teachers reflections, particularly
reflectionfor-action. Since these are unique to a teachitre implication for PCK

development is that it is individualised

There was also varying improvement across the PCK compoi@migar to the findings of

PitiengMosabala and Rollnick (2018 this study theomponenbf curricular saliencyad
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the |l owest gain i n tMostknowedge thaasfedfom theuPdl to they o f
teacherdés pPCK occurred in the cbDisfindingent of
was similar to that oMavhunga and Rollnick (2013) a study with preservice teachers as

well as that of Pitjendlosabala and Rollnick (2018) in their study with 14 novice uncertified
graduate science teacheffie assumptioffor this studywas thatthe teachers may not have

had much exposure to other sources tioald influence their PCK development becatlse
intervention was duringthe lockdown. Thisassumptionmeant that the knowledge they

gained could have come solely from the interventsowhich they were exposed

7.5 NewKnowledge Contributions to the Study

The study contribatd tothe field of PCK by providing evidence that it is possible to develop
the pPCK and ePCKf chemistry teachers. This study focused on experienced chemistry
teachersin this study an experienced teacher has been teaching for moresthamars.

Most previous studies that fo@agon PCK development investigated {s@rvice or novice
science teachers. This study also used an online professional development intervention
whereas mospreviousstudies have usefaceto-face inperson interventions. This study
therefore demonstrated that it is possible to use an oiG&-based intervention to develop

the PCK of experienced chemistry teachers.

The study investigated othe 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 showedirt hat
PCK did not develomt t he same | evel, as some teacher
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 ingerpinese
differences bsed 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, 2039which was the conceptual framework of

this study.

Another contribution is that, as far as | could establish, this is the only study that explores
science teachérBCK about environmental sustainability using themistry syllabus topic
fiextraction of m&alsd. In doing sethe study contributed an expert CoRgpendix ) 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 representsleébgveol
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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 rubAppendix H) was another
contribution made by this study. The PQkbric was designed to score the teachers
responses to the prand postPDI questionnaire and later adapted to scoretteea c her s 6
responses to the lesson pldrey had createdThe responses were repeatedlyrated by

three coders, leading ®revisioan 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 theResearch Design and its Limitations
7.6.1 Reflection onMethodology
This section reflectsn some aspects of the methodolqggpsticularlythe questionnaire used

for data collection.

The CoReprompts(Loughran et al., 20Q4vere modified to design questions that were more
specific and dr awus tottledopip ahe txtractiorp @ metasdéandfthe
corresponding big ideas. The big ideas were predetermined by the researcher and taken from
outcomes six and seven under the topithef extraction of metals in the Physical Science
EGCSE syllabus. Thedeig ideas;conserving resourceand 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
guestionnaire referred tilve extraction of medls. 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 experA@p&ai(x ).

When analysing the questionnairthe 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 stadent
misconceptions and learning difficultieBhis 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 tesaclotused their

guestions. In response to the promptWat questions would you use &ocessstudens 6
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thinkin g and u n dteachers dichndtistruggu?edtheir questions well. According to the
framework for lesson planning proposed ®gddis and Wood (199 7)juestions should be
accompanied by expected answers. The reseatbleeefore believesthat if a similar study

is canducted where teachers are required to list questions, the teacher should also explicitly
be requested to provide the expected responses.aphi®achwould help the teacher to

structure good questions.

On completion of the prEDI questionnaire, the telaers were exposed to the intervention.

The researcher | ater realised that an inter’
prePDI questionnaire would have given the researcher more information and depth into
understanding the teachéerstial PCK about environmental sustainabilitycould 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 onWorking with the Grand Rubric

The grandr ubri ¢ for measuring scienceChaneetad.her s 6
(2019)to measure the different read of PCK proposed by the Refth€onsensus Model

(RCM). Since tle 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 rubppgndixH) thatwould be used

to analyse data that was collected using a questionnaire and later a lessontp&aprdoess

of customising the rubric, some aspects of the rubric were maintaanedothers were

altered.

The rubric suggestseveraldata sources for eacdomponenbf PCK across the three realms
proposed by the RCM. For this study, some of the daiaces proposed by the rubric were
maintained as a preand posfprofessional development intervention (PDI) questionnaire
Interviews and a lesson plan template were used to capture the six participating chemistry
teachersé pPCK an dsuggdstS tat thefehskould he Iperforrnance lewels.
Although the grand rubric does not specify the number of levels, in this, shelyPCK
component prompts were rated usinigar-point scale with scores 1 for limited, 2 for basic,

3 for developing and bf exemplaryPark et al., 2011

The main aspect of thaltered grand rubrigvas the number of componentsszssed. The
grand rubric suggests five PCK componemtst the PCK rubric used in this study only
focused on threeknowledge and skills related to curricular saliency, knowledgk shiils

related to conceptual teaching strategies and knowledge and skills related to student
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understanding of science. Since the researcbeid notobserve the lessons, the study
focused on the teachersé pPCK ainnd ThefRfor& dur i
the component that deals with the integration between PCK components was not included.
Although the researchers who proposed the grand rbblievedthat pedagogical reasoning

takes place during the manifestations of all other compondray, psitionedthe PCK

component of pedagogical reasoning as a standalone compboeng the construction of

the PCK rubricused in this studythe researcher opted to incorporate pedagogical reasoning

into its respective components. This meant theg tubric level indicators catered for

pedagogical reasoning within each of the other three components that were part of the rubric.

7.6.3 Reflection onUsingan Online Intervention

The professional development intervention comprised fou2QL%ninute online &ining
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 COVHandemic
lockdown and teachers were at home, the researcher was aware tissu¢hef network
connections would be a significant challenge. It is worth noting that although most areas in
Eswatini have network connections, the signal is paond data bundles are expensive. For
this reasonthe researcher opted not to deliver thienvention using redime faceto-face
methods like Google meet and Zoom, as these would requmebust, stable internet
connection and a large amount of data. Although the reseaatfeenpted to make the
intervention deliveryeasier via email, the ®zof the presentations became a challenge when
internet connections were podit some point during the intervention, four of the six teachers
mentioned internet issueand two of the six participants experienced problems during the

cell phone interviews becauseatbad connection, as their homes were in rural areas.

Three teachers haahother challengean online intervention needs discipline and good time
management skillsThe 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 aadvantage as theyelievedthat once they had downloaded the
presentationthey 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 wascosteffective in terms of cutting costs for transport and food, as these were

necessary when attending fetoeface interventions or workshops.
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7.6.4 Limitations of theStudy

Despite theappropriate research design and data collection methods, the rmture
educational research means there will always be limitations. #ssentialthat these
limitations are reported and acknowledgetin, 2018. For this qualitative researchyd
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 getegih idata
(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.appeach

meant that it excluded the other aspects of eP@dnely the actual teaclgnand the
reflection. Althoughthe researcher intendedo expl ore the teacher si
teaching of a lesson on the impacts of mining, this was not possible. The study had to be
changed because the COVID pandemic resulted in the closure of séb@md restrictions
surrounding the ease and safety of faiéace interactions. This inability to observe teachers

to determine whether the lesson plan they created would be enacted in thébéxssoe a
limitation to the study. This resulted in the @&tom the lesson plan being the only source of

the teachersod ePCK.

7.7 Recommendationsand Suggestions forFuture Work

| offer several recommendationencerninghe professional developmenteXperienced in
serviceteachers. The COVH29 pandemic has shows that teachenmsiust beable to adapt

to what is happening in the world and that teaching is not confined to a classroom. Teaching
is changing therefore experienced teachemsustbe kept up to date with new developments

in their professionandinnovative ways of exposing them to new ways of teaching must be

found.

The first two recommendations afer in-service teacher development programmise

findings from this study showed that using an online intervention can develop experienced
teachersd PCK. The intervention need not be
network connections and expensive data bundles. The interventiore@nalledto 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 innovative way for wservice departments to investigate

teaching and learning. Again these instruments could be sent via email or the questionnaire

218



could be senas a Google form. This would inform the aspects of teaching that they need to

focus on dung their professionalevelopment interventiss.

Another recommendation is for policy changes within schools andDgmartment of
Education tosupport teacher developmentev@ral studies haveshown a link between a

t e ac PEK absput a concept and tear outcomes(GessNewsome et al., 20)9
Therefore, pofessional development opportunities are necessary for teachers if schools want

to enhance student learning and performance.

The final recommendtion 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 inform

teacher educators and be used to support teacher preparatiompnegra

This study only investigatethe development of PChkn experienced chemistry teachers.
Additional research on the PCK abdht environmental sustainability of novideachers

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 teacheiRCK for preservice and irservice 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 showethat teachers have instances where theeepisor transfer of knowledge
from their pPCK to the ePCK. Aof thelseoabspired t h e
differences were based on the presence of filters and amplifiers between the three realms of
PCK, this interpretation is inconclusive. Even though | do not have final answers, | do hope
to alert researchers to issues that may be investigated. Tlaeneés 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 teaichstructure good questiondlso, when a
guestionnaire 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

guestions with no responses. Lastly, when tracking thela@went of PCK from the pPCK
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to ePCK, | suggest that all aspects of ePCK, teaching, planning and reflglotiold be
investigated. This willprovide more information sources when looking for evidence of

amplifiers and filters.

7.8 Concluding Remarks

This stuly aimed to explore experiesed chemistry teachers PCK @nvironmental
sustainability before and after an online interventiomhen teaching about extraction of
metals The findings of this study revealed that the online professional development
intervertion enhance the quality of the teachérBCK aboutenvironmental sustainability
through the planning of lessons on the topic of extraction of mdthés study showed that
although all teachets P CK i ,rthe POKvdea dhot develop at the sapece or ¢ 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 PGilective, personal anchacted PCK. These
results provide empirical evidence that suppthe 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 expdrieacter is

not necessarily an expert teaghemd this was confirmed in this study when two of the six
participants revealed in different data sources, at different tirieg they had the

mi sconception that 0 trenevabdedesoxe. AlSofekpereneodoasd | S

not always ensure the development of PCK for chemistry teaching.

As an experienced chemistry teacher myself, | was able to view chemistry teachers through

the eyes of a researcher rather than a practitioner. Through condbdistudy, Igaineda

clearer understanding of the unique knowledge held taacher as identified b$hulman

(1987)and consider ways that the findings of this study can inform and suppsetvice

teachers. | plan to continueesearchingto contribute to il er vi ce teacher s
development.
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8 Appendices

8.1 Appendix A- Excerpt from the EGCSE Physical Science 6888 Syllabus
(2021-2023) pertaining to the topic on metals

C11.0 Metals

C11.1 Properties

All learners should be able to:

compare the general physical and chemical properties of metals with those of non-metals

C11.2 Reactivity series

1. place in order of reactivity: calcium, aluminium, copper, (hydrogen), iron, magnesium, potassium, sodium,
zinc and gold by reference to their reactions, if any, with aqueous ions of other metals, reaction with: water,
steam and dilute hydrochloric acid

. account for the apparent unreactivity of aluminium in terms of the oxide layer adhering to the metal

. deduce an order of reactivity from a given set of experimental results

. design experiments to investigate the order of reactivity of metals

11.3 Extraction of metals

describe the ease in obtaining metals from their ores by relating the elements to the reactivity series.

name metals that occur native including copper and gold

name the main ores of aluminium, copper and iron

describe the essential reactions in the extraction of iron in the Blast Furnace

outline the manufacture of aluminium from pure aluminium oxide using electrolysis

describe the importance of conserving resources

CaRwNSQEON

~

describe the environmental impact of the mining and extraction of metals on vegetation, human beings
and animals

C11.4 Uses of metals
1. define an alloy
2. state the composition of elements in the following alloys: brass, bronze, mild steel and stainless steel

3. draw the structural diagrams to show how atoms of other elements can change the properties of the main
element in an alloy

4. explain why alloying affects the properties of metals

5. state the important uses of alloys: brass, bronze, mild steel and stainless steel

6. state the uses of aluminium (electrical cables, aircraft bodies and food containers), and copper (electrical
wiring, cooking utensils) related to their properties

7. state the uses of zinc for galvanising and making brass
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8.2 Appendix B - Screening Questionnaire

QUESTIONNAIRE

Welcome to a study exploring experienced chemistry teachers’ pedagogical content
knowledge (PCK) about environmental sustainability. This questionnaire seeks to
investigate chemistry teachers attitudes, knowledge and skills about environmental
sustainability.

Section A — Background information

Tick appropriate box [V]

Gender: [ 1Male [ ]1Female
Qualification: [ ]STD [ ]BEd. [ 1BSc. [ ]BSc.+PGCE [ ]Other

Years of teaching: [ ]1=2 [ 135 [ 16-15 [ 1216

Teaching subject(s):[ ] Chemistry [ ] Biology [ 1Physics [ ]Maths [ ] Science
[ 1Other: e

Section B — Knowledge of ESD

a) i)This section will determine the sustainability issues which you consider relevant
o your teaching. Please indicate whether you agree or disagree with each of the
following statements.

According to my understanding Strongly | Agree Notsure | Disagree | Strongly
sustainable development advocates for: | 89r%¢ disagree

1 Maintenance of biodiversity

2 Conservation of natural resources

3 Alleviating poverty

4 Recycling of waste products

5 Balance between use and
regeneration of renewable resources

6 Transparency and accountability in
government decision making

7 A higher quality of life for all people
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According to my understanding Strongly | Agree Not sure | Disagree | Strongly
sustainable development advocates for: | Adree Disagree
8 Resilience to climate change and its
impacts
9 Full participation of women
10 | Responsible consumption and
production patterns
11 | Preservation and restoration of the
environment
12 | Protecting and promoting human
health
i)
According to my understanding Strongly | Agree Not sure | Disagree | Strongly
education for sustainable agree disagree

development:

1 | Includes all three spheres of
sustainability- economy,
environment and society

2 Incorporates principles,
perspectives and values related to
sustainability

3 Engages formal, non-formal and
informal education

4 Integrates critical issues into the
curriculum

5 Is locally relevant and culturally
appropriate

6 Is interdisciplinary

7 Is student - centred

8 Uses pedagogies that promote

participatory learning and higher
order thinking skills
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b) i) Do you think sustainability issues are relevant to the subject you teach?
[ ]Yes [ INo [ ]Notsure

ii) Which sustainability issues do you consider to be relevant to Chemistry teaching?

iii) Which of the sustainability issues mentioned above have you included in your
teaching in the past?

iv) Which Physical science topics afford opportunities to teach the idea of

sustainability?

1. Particulate nature of matter [ ] 8. Chemical reactions [ ]

2. Elements compounds and mixtures [ ] 9. Acids, bases and salts [ ]

3. Experimental techniques [ ] 10. Metals [ ]

4. Physical and chemical change [ ] 11. Electricity and chemistry [ ]
5. The Periodic table [ ] 12. Non-metals [ ]

6. Atomic structure and bonding [ ] 13. Organic chemistry [ ]

7. Stoichiometry [ ]

vi) Which of these Physical science topics have you used to address sustainability
issues?
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v) Do you think it is important for students to learn about sustainability and related
issues? Why?

Section C

1. Are you teaching Form 4 this year (2019)7

2. Which topics from the syllabus have you covered to date? (You may refer to

the numbers in the listin b (iv) above).

Will you continue with this group in 2020 or will another teacher be allocated to

the class?

3. In which month of 2020 do you hope to be starting on topic 10 about ‘Metals’

4. Would you be willing to allow your lessons on the topic on metals to be

observed? If yes, may | have your email address and cellular phone number.

oA

Thank Youll!
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8.3 Appendix Ci Pre-PDI Questionnaire




