Examining pre-service teachers' reflections on thei
classroom teaching in order to identify Topic Spefic
Pedagogical Content Knowledge in their practice.
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Abstract

The gap between theory and practice in educatiomires a persistent problem identified by
some researchers as today’s “Achilles heel of ®aelucation”. The experience in science
education is no different. Pedagogical content Kedge (PCK) has emerged as a theoretical
construct that offers science education practiti®@eframework to bridge the theory-practice
divide because of its ability to transform contenbwledge. However, little is known about
how the complexity of classroom practice influenB€3K acquired by pre-service teachers
from structured courses. The purpose of this stualyto illuminate pre-service teachers’ PCK
as it develops from a point of reasoning aboutttigca specific topic into classroom delivery.
This study was performed as a qualitative caseystdd?3 final year pre-service science
teachers. It was located in a methodology clagshd a specific objective to develop PCK in
core topics of science. The students were expasaa éxplict intervention on developing PCK
in teaching stochiometry then placed in varioushH&thools around Johannesburg during
teaching experience. Data collected was largelinduheir placement in schools. It consisted
of qualitative data such as lesson plans, audiordgags of classroom teaching and self -
analysis reports submitted after the teaching eepee. Analysis was based on a qualitative
in-depth method for identification of evidence eathing segments illustrating pedagogical
transformation. These are segments where thereideree of two or more topic specific
components of PCK defined as Topic Specific Contémbwledge (TSPCK). These were
called TSPCK episodes. The TSPCK episodes idemtifielessons plans and in recorded
lessons were analysed for identificaton of comptmpresent and the nature of interactions.
These were turned into pictorial TSPCK MAPS. Thalgsis of pre-service teachers’ views
on TSPCK were analysed through a combination ohagiatements and a science teacher
belief tool. The findings indicated that TSPCK ejiss identified in lessons plans experience
an authentic expansion, blossoming into a clugtepisodes which still carried out the original
intention. In some cases the intention could be se®ugh a similar TSPCK episode in some
cases the component sequence and identity had ethaRgrthermore, pre-service teachers
showed positive awareness of their own level othea development and credited their
development to the TSPCK framework. Recommendatotiss report include promotion of
the implementation of the TSPCK framework in Idifi@acher Education, particularly in the

methodology courses with reference to classroonmpbexity.
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Chapter 1: General Introduction to the Study

This chapter is an introduction to the study, highting the South African context in which
the research takes place which drives the purpb#®ecstudy. | discuss the problems identified
in the context, the research questions that guided provide brief descriptions of the chapters

comprising the research report.

1.1. Introduction

The South African education system has been rateslila-standard and failing the youth by
limiting their future economic prospects (Spauld13). Policy suggestions to improve the
quality of education include the implementatiomation-wide teacher training (Spaull, 2013).
Teacher education programmes should thereforeestoivarm pre-service teachers with the

skills and tools they require to deliver qualityuedtion.

One of the common goals among ITE programmesdevelop teachers who can apply their
learning to actual teaching situations. What Kig2@14) called turning the “know that” to the
“know how”. The gap between theory and practiceedtucation has been identified as a
perennial problem (Korthagen, 2010) that perme#tesugh all disciplines. It is a gap
identified by Darling-Hammond (1999) as the “Ackdlheel of teacher education”. In science
education the problem is no different. The theoatticonstruct of Pedagogical Content
Knowledge (PCK), has emerged as a widely acceptabler, that forms a bridge between the
understanding of content the “know that” and itscteng the “know how”. However, there is
still a long way to be travelled to completely deyea literature on how PCK could close the
theory-practice gap, and actually understand whanges or transformations actually happen
as a teacher moves from planning to classroom ieg¢Alvarez, 2015). van Driel and Berry
(2012) suggest that part of assisting pre-seneeehers bridge the gap is to recognise the
connections between their different knowledge hdsethe literature, efforts to uncover pre-
service teachers’ views on their teaching and legrnave focussed on content, classroom and
targets achieved, using CoRes and PaP-eRs (LouydgBeary, & Mulhall, 2006). Pre-service
teachers have been able to portray certain comp®rdnpedagogical content knowledge
(PCK) but fewer studies are known about their titen on their own teaching in relation to

their planning. This study intends to bring to tighe journey undergone by pre-service



teachers’ effort to transform content from a plawgnperspective into their actual classroom
teaching, and actually evaluate whether they ararewf the process, and what they think

about it.

1.2. Purpose of the study

The purpose of this study is to illuminate the jeay of content transformation by pre-service
teachers from a lesson plan into the complexityclassroom teaching. Furthermore, to
determine whether pre-service teachers are alidendify the changes that happen, if any, and

capture their views of the change and what it méamiseir learning trajectory.

1.3. Problem statement

The problem of leaving the perennial gap betweenrhand practice unattended, is that ITE
programmes would never be able to predict with soen@inty whether their graduates would
be effective teachers or not. It would mean, eifeciess in the actual classroom is left to
chance and luck! While PCK has grown to be accépthp the science community as the
knowledge for teaching science, particularly mdfeative within topics (Abell, 2008), little

is actually known about the relationship betweerKRR€en in planning and that observed in
classroom teaching. The problem lies in identifyivogv one kind of reasoning is expanded on
from a lesson plan to how this reasoned intentiagspout in an actual classroom situation.
For ITE programmes, it means there is no systerknowing whether the strategies used to
acquire PCK in the first place are actually effeetiThis study aims to trace the process
followed by pre-service teachers in their learningeason and transform content knowledge
in planning, and that exhibited in actual classrdessons. Such understanding would assist
teacher development programmes to implement pragesrfor PCK development close to
the real complexity demanded by a classroom confiexthermore, it is important for teacher
educators to be aware of the views held by preisetgachers as they experience their learning

from planning into the classroom.



1.4. Rationale

There is a global call for quality education in sgals, better understanding by learners and
better quality teachers (Taylor, 2015) in term$iafing more knowledge of the content they
teach. In science education in South Africa, thvell®f science education is said to be poor
(Spaull, 2013) partly due to the training receiv®d science educators at rural education
colleges (Mavhunga & Rollnick, 2017).

70.0
60.0 |
50.0 |
v
oo
® 40.0
e
]
: 30.0
o
20.0 +
10.0 1
0.0 +
. 2013 _ 2014 2015 2016
W % achieved at 30% and above 67.4 61.5 58.6 62.0
M % achieved at 40% and above 42.7 36.9 36.1 39.5

Figure 1. Overall achievement in Physical Sciences (DBHG20

The Annual diagnostic report (DBE, 2016) compates dchievement of grade 12 physical
science learners who wrote the NSC examinatio®uth Africa from 2013 to 2016 as seen
in the graph above. There appears to be minimalraugment in the performance of the
learners in the four consecutive years. The gragitates that, on average over the indicated
time period, only 38.8% of matriculants enrolledwate the NSC exam, were able to achieve
above 40% in physical sciences. The implicationhes$e statistics are that more than 61% of
physical science learners do not perform satisfdgtand educator accountability and ability

becomes questionable

Upgrading the knowledge and skills of practicingieators would require their removal from
classes where learners still need their educatoesdaily basis, an impossible feat. Therefore
the ideal would be to fast-track the developmenprefservice science teachers’ knowledge

and competencies to deliver understandable lessotiey enter the classroom to teach. Initial



teacher education could then be seen as playiestarative role in science education in South
Africa (Mavhunga & Rollnick, 2017). PCK is a poteily promising construct to be used to
implement this ideal. PCK as described by Shulmi®87T) is teacher knowledge requiring
application in planning and develops further in émactment. At a conceptual level, little is
documented about pre-service teachers’ developrremb lesson plans to enactment
(Mavhunga & Rollnick, 2017), allowing for furtheesearch opportunities into the extent to
which planned TSPCK is translated to enacted TSPQI&. study aims to contribute towards
the literature by illuminating the progress of eerdcl SPCK from planned TSPCK in an effort

to assist the bridging of the theory-practice gamitial teacher education.

1.5. Research questions

This study is guided by the following main reseagdestion:

What changes, if any, does TSPCK observed in lept@ming undergo when the well
reasoned lesson plans are enacted out in the ceitypdé classroom practice?

The main research question is investigated thraligde sub-questions:

I.  What patterns of TSPCK component interactions drgeved emerging from pre-
service science teachers’ planning and actualrdassteaching of a physical science

topic?

ii.  How do such patterns differ from those reportegtayservice teachers from their self-

analysis of their planning and its enactement atssroom practice?

iii.  What views do pre-service teachers hold about #hgevof TSPCK in their teaching,

particularly with respect to changes in their TSP@lany) from planning to practice?

1.6. Outline of the research chapters

This study comprises of six chapters. In this fitse chapter, | presented an argument showing
the problem in science education teacher trainneggnted from a South African viewpoint.
The rationale suggested the potential contributibthe study to existing TSPCK literature

The problem statement prompted the formulatiorhefresearch questions guiding this study



which informs the choice of literature review, thettcal framework and the research design
the second chapter is the literature review. Hexaver aspects such as the theory-practice gap
in initial teacher training, reflection as a met&m$ridge the gap and PCK as a means to close
the gap in science education. The choice of aspbstsissed stems from the nature of the
research question and my interest in the developofestience pre-service teachers. | close

the chapter with a discussion of my theoreticahieaork.

Chapter three describes the research methodolabseararch methods used to gather data for
analysis informed by the research questions aratdtieal framework. Chapter four analyses
the data with regard to illuminating the naturetloed emerging TSPCK episodes in actual
classroom teaching as compared to the episodesepriese teachers planned to teach. The fifth
chapter analyses the views held by pre-servicehteg@bout their TSPCK and views about
science education. The final chapter provides amaew of the study, discussing the findings
in terms of the research questions, with care gteetme validity and trustworthiness of the
findings made. The conclusion will propose recomdagions for the improvement of teacher

education programmes in the future.



Chapter 2: Literature Review

This chapter outlines the literature which has bebnsen on the basis of the purpose of the
study. In this study | reflect on few aspects ealab the development of pre-service teachers,
all however, speaks to the perennial problem ofgdue between theory and practice. | touch
on quality of education in South Africa, views hjdscience pre-service teachers, teacher
professional knowledge for teaching science andeclwith a discussion on a theoretical

framework.

2.1. Introduction
2.1.1 Theory-practice gap in education and sciedceation

Upon enrolling in initial teacher education prograss, students and teacher educators work
towards the graduation of capable teachers (HurBer&y, 2011). Pre-service teachers receive
the bulk of their training as lectures focusingemtucational history and pedagogical theories
(Alexander, 2010). The practical application of seconceptual theories in a classroom
situation is often far removed from the theoriesgte during teacher training, with varying
complex classroom contexts, hence the theory-peagap (de Swardt, du Toit and Botha,
2012 Alvarez, 2015). The connections between thaadyclassroom practice has often been
left to pre-service teachers to figure out by thelwes (Nilsson, 2008). The problem is
compounded by the misconceptions pre-service teacdiften about their content and their role
in applying the acquired knowledge in practice @mough, 2012). This leads to the common
observation that graduating pre-service teachdes éme teaching arena with less confidence
and ill-equipped for the challenges of dynamic béag situations in classrooms (Botha &
Reddy, 2011). In the South African context, theseno coherent and effective induction
programme for beginner teachers meaning that therytpractice gap experienced by a

beginning teacher may take a very long time to kdiated, if at all.

Suggestions by educational researchers into namgpthie theory-practice gap point toward
practical perspectives of teaching. McDonough (3Gl van Zyl (2014) advocate teacher
education programmes which provide opportunitias dee-service teachers to implement
theory in a practical form that would foster crithinking and problem-solving skills. Gravett



& Petersen (2015) promote guided learning in teaglschools with extended teaching
experience, allowing for reflection on these exgacesLoughran & Hamilton (2016) suggest
systemising pre-service teachers’ pedagogical thintoward conscious reflective practices
regarding their pedagogical reasoning. The devedprof pedagogical content knowledge,
using specific tools including CoRes (Loughran let2804) and PCK maps (Park & Chen,
2012) enable pre-service teachers to reason dmetrtansformation of their learnt knowledge

as they plan to teach it in their classrooms namgwhe chasm between learning and doing.

2.1.2. Reflective teaching working toward closihg theory-practice gap

Dewey (1910) defined reflection as a process oibdedte practice involving, not only a
sequence of ideas, but a consecutive orderingeaiiceach determining the next, but referring
to the idea upon which it was built until thereaissustained train of thought leading to a
common end. Sdém (1983) described the act of reflection as a m®cef reframing
problematic contexts in order to develop alterreatvays of acting. Reflection is an act of
thinking about past experiences in order to appdyknowledge gained in hindsight to ensure
better future experiences (Shulman, 1987). Teagbtenferm regular reflections on teaching
episodes to determine the success of lessonsp @sdist them in correcting practices they feel
may have hindered the understanding of their stsd€oldman and Grimbeek (2015) state
that self-reflection is promoted among all teacheraodern educational literature as an action

ensuring that students experience quality teaching.

Without reflection, teachers would possibly be @ngder of repeating the same teaching
practices over and over again, whether these pesctissist student learning or not. It is not an
advantageous position to be in as a teacher whoiagear’s teaching experience several
years running! There would be no growth for theivithhal teacher, the way in which the
subject matter is taught or student advances ienstahding. As Barry and King (1998) stated
it, “self-evaluation is the hallmark of professitism!”

Quality teaching occurs when a teacher knows whé&tdach and how to teach it under often
varying conditions. Knowledge to deliver qualityatéhing cannot be transferred to another
person in a single teacher training programme,ustnbe developed with time and teaching
experience (Morris, 2006). John Dewey (1966) nttietiknowledge is constructed when prior
knowledge interacts with new experiences, devetpponnections between them in order to
move forward. The teacher can therefore improveeach teaching episode by mentally



returning to the actions of the previous teaching kearning experiences in order to make
decisions informing future actions. According to i® (2006) the central skill in learning
from practice is to analyse teaching in termséftects on learning. The teacher needs to ask
the questions, “What do students learn from pdedramstructional activities, and how do the
activities facilitate the learning?” These questia@mbrace the concept of thinking about
teaching actions in order to find their answerssdom reflections allow teachers to analyse
teaching and enable teacher educators to detetherlevel of skills pre-service teachers have
in order to inform teacher education programmesr(ido2006).

The focus of this study is on the reflective skilis pre-service science teachers, who by
definition have not accumulated sufficient servioge to build a repertoire of episodes upon
which they can reflect to enhance their teachirgegies. It is the aim of this study to use pre-
service teachers’ self-reflective skills, basedtaanalyses of their own documented teaching
episodes in to illuminate how they can make infatrohoices in the development of future

teaching practices, enhancing their effectivenedsachers early in their careers.

2.1.3 Professional teacher knowledge (PCK)

Shulman (1986, 1987) initially defined PCK as tm®wkledge teachers use to teach to make
the subject content more understandable for learitr described it is a synthesis of subject

matter knowledge, SMK; pedagogical knowledge, P lamowledge of context.

PCK is often specific to the teacher who teachesiih a teacher understanding what is to be
learned (content knowledge, CK) and how it is totéeght (PCK). Aspects of PCK are
therefore personal as teachers themselves decidéohghrase their statements and questions
and their examples, demonstrations, analogies Asagv&/hich memory enhancing strategies
to apply (Mavhunga and Rollnick, 2013). Kind (200&)ded that PCK implemented by
teachers relates to the amount of learning achiéyethe learners, an indication of good
science teaching. She also noted that this consivas elusive and that limited consensus
existed regarding the nature of PCK among educati@searchers, opening an opportunity
for researchers to finally set forth a more intégglanodel as a canonical knowledge base of

teachers.



2.1.4 PCK bridging content and pedagogy gap

Key research findings of McDonald, & Dominguez (@pkhow that, in order to prepare
effective teachers, both the knowledge of the sulipuught and the ‘knowledge and skill in
how the subject should be taught, which is PCKu&hbe presented to them in an ongoing
fashion. Research studies have shown little inviag of the mechanism of how student
teachers develop PCK, therefore it is importambéde explicit the factors contributing to pre-
service teachers, development of knowledge of howeach (Nilsson, van Driel, 2011).
According to Nilsson and van Driel (2011), teacbducation programmes offer pre-service
teachers the first opportunity to reflect on the aktheir content knowledge. Reflection of this
nature enables pre-service teachers to gain areaess of their understanding of the content,
the structure and nature of the discipline andskiks they need in order to transform the facts
into an understandable form for learners (Nilssoma& Driel, 2011). Nilsson and Loughran
(2011), used CoRes as support for planning anagsissetheir own learning about teaching,
upon examination it could be seen that pre-sergaehers had developed their skills when
they were involved in collecting evidence of thaahievement and learning how to identify
their strengths and weaknesses, becoming actimebivied in the process of learning about
teaching. Mc Duffie (2004) stated that once predserteachers have learnt how to analyse
their teaching practices, long-term reflection dddoe encouraged in pre-service teachers,
since it will equip them to put together the pieocemdividual reflective episodes to revealing
the pattern that can inform their practices, ineimllowing them to sustain professional
growth. By encouraging pre-service teachers tecefin their own teaching they may develop
insights into their thinking about the science et science teaching and their professional
development. There exists a need to explicatenbe/ledge used for teaching and to establish
ways of thinking about science teaching beyond rttexe accumulation of pedagogical

strategies.

2.1.5 A move from PCK to TSPCK

Rollnick, Bennett, Rhemtula, Dharsey and NdlovuO@0presented a model of PCK that
showed how PCK may manifest at classroom levels Thodel was expanded upon by
Mavhunga (2012) who defined PCK in a specific tggsa theoretical construct termed Topic

Specific Pedagogical Content Knowledge (TSPCK). dMa@cent studies shed more light on
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the specific knowledge that gives PCK its topiccsfpe nature (Mavhunga, 2016). Park and
Chen (2012) explored the integration among PCK aorapts for two dferent biology topics,
photosynthesis and heredity. The authors counteftequency of connections among the PCK
components. The results of the study showed thegriation among the components was topic-
specific as the more component interactions wesemed for the photosynthesis topic than in
the heredity topic. Furthermore, the PCK componehisiowledge of learner and knowledge
of instructional strategies were found to havestinengest interactions and were more explicit
in the teachers’ PCK for both topics. A similar gtuusing the PCK pentagon model on
chemistry topics was conducted by Aydin and BoAB0The authors observed the interaction
of the PCK components in two experienced chemigaghers' teaching of electrochemical
cells and redox reactions. Their findings confirntieel observations by Park and Chen (2012)
that the PCK components of knowledge of learnerlaravledge of instructional strategies
played a more prominent role in the PCK of the lveas’ in both topics. Common across these
studies is the realization that the topic-specifture of PCK emerges from components that
are content specific, such as knowledge of studamd conceptual teaching strategies in
specific contents, rather than those that partibutafer to discipline, such as assessment and
orientations. The findings of the above cited stgadin a way, provide empirical evidence to
the idea of PCK experienced at different levelssaggested by the PCK taxonomies of
Nezvalova (2011) and Veal & MaKinster (1999).

Mavhunga (2012) developed a model that portraygrtresformation of content knowledge
from five content specific components, Figure 2efofy.

TOPIC SPECIFIC PCK

Transformed

Specific SMK
K’

+
TRANSFORMATION

Enowledge componentsinom which
transformation emerges
= Students' Prior Knowledge
*  Cumioular Saliency
What is difficult to teach
= Representations induding
analogies
Conceptual Teaching Strategies

Knowdedge
of students

subject Matter
Knnuﬂrdsr

Knowledge
of context

3 :

J Student oriented baliefs J

Figure 2.1.The Mavhunga (2012) model of TSPCK
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The Mavhunga (2012) TSPCK model comprises of fivevkledge components which enable

the teacher to effectively transform subject méttewledge:

1. Learner Prior knowledge.
Learners’ knowledge about a particular topic befbeelesson begins. This knowledge
includes any misconceptions or alternative conoepta learner may have.

2. Curricular saliency.
This is the understanding of which topics are @ntr peripheral relative to the
curriculum as a whole.

3. What is difficult to teach or understand.
Specific concepts in a topic that require consciatervention by the teacher during
classroom teaching.

4, Representations.
Examples, analogies, simulations or models usedpi@sent subject matter.

5. Conceptual teaching strategies.
Effective instructional strategies used to addd#lult or important concepts.

Mavhunga (2012) asserts that when teachers redsan their teaching, they consider a topic
from the perspective of the five content speciiowledge components. The model offers a
way to picture PCK at a topic level. Shulman’s @Dfdeview of the theoretical construct of
PCK during the first PCK summit confirmed the domapecificity and contextualisation
nature of PCK. The Mavhunga model (2012) also askedges the influence of teacher beliefs
into the way a teacher would reason through tleaiching. Thus, assisting pre-service teachers
to recognise components of TSPCK and develop tegdtrategies according to more learner-
centred beliefs, will better equip them for entgriie teaching profession, enhancing the

performance of learners in their classes.

2.2  Theoretical framework

The theoretical framework for this study is grouwh@® Shulman’s (1987) description of the
transformation of content knowledge for effectivassroom teaching theoretical concept of
PCK, particularly at a topic level. Thus the mobglMavhunga (2012) defining the TSPCK
construct was found more suitable. The need tetoam content knowledge is mentioned by

Geddis (1993) as crucial in ensuring effective dag and learning take place in the
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classrooms. | also draw on the consensus modeC&f @ess-Newsome, 2015) Figure 2.2
that presents the interrelatedness of the knowleddbe teacher to practice and to learner
outcomes. | focus on the layer of Topic Specifiof@ssional Knowledge that speaks to the
topic specific nature of PCK. | use the componaity SPCK from Mavhunga (2012) as

elements of this layer

According to Gess-Newsome (2015) the teacher pmfieal knowledge base (TPKB) informs
and is informed by topic specific pedagogical caht@owledge (TSPCK) therefore, although

these knowledge bases are generic, their powenliesching applications to a specific topic.

Teacher Professional Knowledge Bases

Assessment Pedagogical Content Knowledge Curricular
knowledge knowledge knowledge of students knowledge
v v i

Topic Specific Professional Knowledge
Knowledge of: instructional strategies, content representations,
- student understandings, science practices, and habits of mind

J

Amplifiers and filters: teacher beliefs
and orientation, context

d Classroom practice
Personal PCK Classroom context
knowledge, Enactment <—]—> (Curriculum, etc.)
L
M

Amplifiers and filters: student beliefs,
prior knowledge, behaviors

k"

Student outcomes

Figure 2.2. Model of the teacher professional knowledge andl siGluding PCK (Gess-
Newsome, 2015)

Topic specific professional knowledge is recogniaga professional knowledge category that
informs all subsequent teaching and learning dw#s/ito achieve learner outcomes (Gess-
Newsome, 2015). The consensus PCK model also rsssgrihat teacher beliefs and

orientations contribute to actions in the classrg@mass-Newsome, 2015). According to Gess-
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Newsome (2015), the personalisation of knowledge bgacher, whether to accept or reject
certain parts of the content or practices are basdte beliefs and views teachers hold. These
factors are part of the filters and amplifiers ttah be taken into account when observing PCK
in practice and will aid in obtaining more understable findings with less unexplainable data.
The one other value derived from distinguishing Pail& topic as presented in the consensus
PCK model is that it acknowledges content specdimponents that could be considered in

capturing and measuring PCK at a topic.

2.3 Capturing and portraying TSPCK in planning teathing

PCK is a tacit construct (Loughran et al. 2006)speal to the teacher reasoning about the
transformation of the content to be taught (Shulni®87). In order to have a sense of its
measure it needs to be observed in different césitak least in planning and enactment.
Equipping pre-service teachers for the classroorddweloping their TSPCK using reflective
practices would require teacher educators to war fan explicit knowledge base of TSPCK
revealed. As prior learner knowledge informs a lbeadn lesson scaffolding, so too would
evidence of pre-service teacher TSPCK inform furttevelopment of the construct in teacher
education programmes. Efforts to capture and retilusdpersonalised teacher professional
knowledge reveals insights into the pedagogic magorequired to transform content

knowledge.

Nezvalovéa (2011) found that action research allothedesearcher to place themselves in the
practices of pre-service teachers, allowing insigtd pedagogical events. Unfortunately the
individualistic nature of each case makes formadjshe events into a canonical knowledge
base difficult. Strategies to document PCK inclué&€K multiple choice questions, concept
mapping, semi-structured interviews, pictorial eggmtations and video-observations, each
with their own set of challenges with regard tdheitdeveloping, administering or analysis
(Zhou, Wang & Zhang, 2015). Content Representatji@uikes) and professional experience
repertoires (PaP-ers) showed great promise (Lougdtral. 2006), raising pre-service teachers’
awareness and understanding of PCK, enabling thartitulate PCK aspects as they plan to
teach lessons for the first time (Hume and Ber@11). In recent studies aimed towards
portraying PCK, pre-service teachers and practisiaghers were given the opportunity to
articulate their PCK through videos, designed deamad paper tools for PCK in specific topics
like chemical equilibrium chemistry (Mavhunga andllRick, 2013), particulate nature of
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matter (Pitjeng, 2013) and Stoichiometry (Malco0,15). Each capturing method aims to

make PCK considered in a topic more explicit.

There is, however, still a need to show how thenpdal PCK emerges during the actual
teaching of the planned lessons. Park and CherDyafdsigned PCK maps to illustrate the
interaction of PCK components during classroomhe; making PCK explicit for the topics
taught. Mavhunga (2015) has used the PCK mapsnmwuigrate the nature of interaction of
TSPCK components in the planning and subsequecttitenof lessons. This study continues
to build on this relatively new research path, viita use of TSPCK maps to demonstrate the
emergence of pre-service teacher pre-service téa@dweareness of their learning through the
planning and teaching of specific topics usimgracting TSPCK components.

2.4 Pre-service teacher views about education esjhpation for teaching

Several science education researchers (e.g. GegseNg, 2015), noted that the views held
by teachers have an influence on the transformati@montent and delivery in the classroom.
Teachers may present the same content to leamdrarent ways informed by their views,
emphasising selected aspects and discarding ceeaaming approaches. The beliefs of a
teacher seem to have notable impact on the tea@mddgearning process. Gess-Newsome
(2015) placed teacher beliefs as filters and amepdifin the PCK consensus model due to the
strong influence certain beliefs have on the tramsétion process. Therefore, the views held
by teachers strongly informs the portrayal of P@Kpianning and enacted teaching episodes
to the extent that it warrants investigation coneotly with the emergence of TSPCK
components. Luft and Roehrig (2007) note that elutal researchers have equated beliefs
with terms including attitudes, knowledge, philosgs or views. Nilsson and van Driel (2011)
describe the interconnectedness of views and thefdoéhat inform them through reflective
practices. In this study the reflective practicépre-service teachers, beliefs and views will
be considered for the insight they offer about hane-service teachers think about their
knowledge.

In summary, an increased awareness of the interecfiTSPCK components during planning
and teaching could contribute to the maturing vipwesservice teachers hold about teaching,
strengthening their teaching capabilities as thegrethe teaching profession.
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Chapter 3: Research Methodology

This chapter presents the methodology employetignstudy. The chapter begins with a
revision of the research questions guiding the\sttite approach used to guide gathering of
the data and its consequent analysis that strieeghiswer the research question. This chapter
describes the participants, the method of dataectilbn, the type of data collected, and how
data were analysed to lead to the key findings madiis study. Mention of the ethical
considerations, validity and reliability are madearder to establish the trustworthiness of the
study. In conclusion, the chapter summarises teeareh methods in order to give clarity to
the findings mentioned in the next chapter.

3.1. Introduction

In this study | sought to illuminate pre-servicadbers’ TSPCK as it develops from reasoning
about teaching a specific topic into their clasaratelivery. The starting point acknowledges
that the classroom teaching process is not simpigresmission of the reasoned plan, nor an
additive process but requires competence in toamshg content knowledge as a core practice
in science education (Grossman, Hammerness, & Maldp2009). In the backdrop of the
theory-practice divide mentioned earlier, this gtpdsits that the success towards narrowing
the theory-practice gap in science education lresfully understanding the classroom
implementation of acquired TSPCK. As a result,ghly asks the following question:

What changes, if any, does TSPCK observed in lept@ming undergo when the well

reasoned lesson plans are enacted out in the ceitypdé classroom practice?
The main research question is investigated thralugde sub-research questions:

l.  What patterns of TSPCK component interactions beexwed emerging from pre-
service science teachers’ planning and actual rdass teaching of a physiccal
science topic?

II.  How do such patterns differ from those reportegbiwtservice teachers from their
self-analysis of their planning and its enactennetat classroom practice?

[ll.  What views do pre-service teachers hold about @eevof TSPCK in their
teaching, particularly with respect to changefertTSPCK (if any) from planning

to practice?
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3.2. Research design

This study employs a qualitative research methodtwfalls under the interpretivist research
paradigm. Qualitative data analysis allows for ritdta descriptions (Opie, 2004), enabling
identifications of themes and patterns but can maf@ately not be generalised and will remain
specific to the case study. This research meth@iitable for my study that seeks to gain
insight into reasoning about tacit theoretical ¢ard such as TSPCK, and establishing the
views held by pre-service teachers about theinsei¢eaching. The research strategy, used to
answer the research questions guiding the studstré®e & Christiansen, 2014), is a case
study, a systematic, in-depth study of a particcéese in its context (Rule & John, 2011, Cohen,
Manion & Morrison, 2000). The advantage of usinig strategy is that it allows an in-depth
investigation into the tacit theoretical constridbat is TSPCK. As a case study limits
generalisation of findings (Cohen, Manion & Morms@000) my sample participants included
the entire cohort of fourth year students in thehoédology class in order to add strength to

the identified patterns discovered during analysis.

3.3 Background to Participants

The participants in the study were 23 final, fow#ar science education students attending a
university in Johannesburg, South Africa in 2018e Tuniversity offers the B. Ed teacher
qualification degree, where both the content caussel methodology courses are taught in the
same department. All participating pre-service heas originated from disadvantaged
communities in South Africa and attended that paldr university since their first year of
teacher education. The participants all sharedhanoan goal of majoring in physical science

at the end of the academic year.
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3.4. Treatment received

The chemistry methodology course has as its cgeetne the development of TSPCK in core
topics of chemistry and physics. Mavhunga and ReKI(2017) documented the intervention
as a signature treatment assisting with the dewedop of specialised professional teacher
knowledge one topic at a time over a six-week peridhe topic used in 2015 was
stoichiometry. At the heart of this interventiontie development of an understanding that
teaching as a practice involves transformation hef teacher's understanding of content
knowledge. In the treatment, pedagogical transfaoneof content knowledge is achieved
through the introduction of the five componentsT&PCK and also learning to use them
interactively in formulating explanations. The campnts were introduced in the sequence:
Learner Prior Knowledge; Curricular Saliency; What difficult; Representations and
Conceptual teaching strategies. Each componenigstied over 3 hours in a week. The final
week was used to emphasize interactions amongdhganents. In addition, they were
introduced to the in-depth qualitative analysishodtfor evidence of TSPCK episodes in their
planning to teach efforts. They were further explasereflective practices that required open
statements in various tutorial submissions. Teastience beliefs were also mentioned to them
as influencing teachers’ orientation towards teaghbut no detailed discussion on them was
done. Upon completion of the intervention, pre-s@rieachers were placed in secondary
schools near Johannesburg for teaching experieheeavthey applied their knowledge during
planning and actual teaching of lessons. In thedsh pre-service were to teach various
different physical science topics according togla of the placement school.

3.5 Data collection

Data was collected late in 2016, retrospectivetyrfithe archives of the methodology course
where pre-service teachers received treatment.eTinetuded their teaching plans and thick
descriptions of their lessons where they indicatesl TSPCK components present in the
teaching episodes in the form of TSPCK maps (Paf&h&n, 2012). Teaching episodes were
defined as instances during planning or teachingrevithere is evidence of two or more
interacting TSPCK components present (Mavhunga,4R0An examination equivalent
completed by the pre-service teachers at the endeomethodology course contained their
views regarding teaching, the construct of TSPCH their development as teachers.
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The gqualitative data collected comprised mainlyhef following:

(i)

(ii)

(iii)

(iv)

(v)

Lesson plans from teaching experience

Transcripts of audio recordings of actual classrdessons corresponding to lesson
plans

Submitted-self-analysis reports. These were reportere pre-service teachers
analysed their planning vs. their actual teachimgng) teaching experience.
Completed science teacher belief tools

Open statements reflecting on the value of TSPCK.

Details of Lesson plans

The lesson plans were prepared 23 by pre-servaahées during their placement
on teaching experience based on the topics theyldwbe teaching at their
placement schools.

Details on Transcripts of audio

Lessons taught by 23 pre-service teachers wer@-aadorded. This served as the
information source they would use to identify TSP€d{sodes and the components
they comprised of.

Details on submitted self-analysis report

23 Pre-service teachers used the lesson plandasstaom transcripts in order to
identify TSPCK episodes. Analysis of these episaiailed listing of the TSPCK
components found in each episode and mapping euintharactions between the
components in the form of TSPCK maps. The pre-sengachers completed their
self-analysis by commenting on the TSPCK evidenhair teaching.

Details on completed science teacher beliefs

At the end of the methodology course, pre-senaeehers wrote an examination
equivalent containing open-ended questions regautheir beliefs about teaching
and science education.

Details on open statements

The research reports of pre-service teachers’ sisaty TSPCK episodes contained
open statements about their use of the TSPCK coemem their lesson planning
and actual classroom teaching. Many of these stattnreflected their beliefs

about science teaching.
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Upon receipt of completed projects and examinatieash student’s project was assigned a
specific pseudonym, with all references made tordsponses on these reports and exams
discussed using the pseudonyms to distinguishebpondents from each other. Electronic
scans were made of each page for safekeeping mspG®ver pages containing personal
information of the participants were removed aratest separately in order to maintain the

anonymity of the pre-service teachers.

3.6. Analysis

3.6.1 Analysis of TSPCK episodes in lesson plamkaamio recordings

The study of measuring TSPCK levels of pre-serig@hers is relatively new, therefore |
followed an in-depth qualitative analysis methodgathering data of the construct. In this
method, a teaching segment that contains a TSP@oOdm is first identified. A TSPCK
episode is defined as evidence of two or more TSRQKponents interacting together. In
lesson plans, this was done by content analygiéaofs, in audio recordings this was done by
extracting specific extracts. The identified teaghsegments are first analysed for identity of
the components of TSPCK present. Then, analysisade to describe the sequence in which
the components emerge e.g. one after another(lioea) or interactively. The description of
the sequence gives insight into the nature of tBBAK episode. The analysis is presented as
a TSPCK map. A TSPCK map is a pictorial presentagghibiting the way in which the
components that are present interact (Park and,@@dr2). Each component in the TSPCK
MAP was represented by a labelled circle, the klbeling abbreviations of each TSPCK
component. The components were abbreviated asvi&llo

LP- Learner Prior knowledge

CS- Curricular Saliency

DIF- What is difficult to understand

R- Representations

CTS- Conceptual Teaching Strategies.

Two raters analysed the data for TSPCK Episodéswolg a discussion on rules for coding.

An example is given below.
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Merge of prior knowledge
into big ideas.

CS for emphasising
what PD is and how it
LP from past

relates to the circuit Using actual
lessons \
apparatus to

L‘//
brought into I
. ] demonstrate
this episode

Figure 3.1 Example of a typical TSPCK map

The TSPCK map shows three components present, BPar@ R. The touching of the
component circles represents a link between thepooenmts, whereas the arrow indicates the
direction of the sequence in which the componezdsufe in the episode based on the writings

in the lesson plans or the transcripts of the dd#ésaons.

3.6.2 Analysis of the comparison of TSPCK in lesplams vs classroom.

| tabulated the two sets of TSPCK maps. Firstinalysed the TSPCK maps according to how
the pre-service teachers had described to authémtive components listed by the pre-service
teachers in each teaching episode. | determinedwsPCK components were used by pre-
service teachers for planning vs. teaching, seagdair correlation between their planning and
practical maps and accuracy of the componentsligted according to the working definition

of TSPCK and the components according to the Magau(2012) model. The TSPCK

episodes were finally matched based on intentiooma planning to enactment, and analysed
in terms of the nature of the component interastionthe context of the lesson topic. Table

3.1 shows an example
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Table 3.1.Lesson transcript and accompanying TSPCK map karistl by Jane

Transcript from the classroom lesson TSPCK map

Teacher: Anybody who can tell me what a pulse is?
Learner: it is a disturbance.. //-'
Teacher: Anybody to add...it is not enough...add some more. " = F
Learner: it is a disturbance after a long period of time (”F *._/-" 8

. . - . B8 -
Teacher: You are going too far away, let me just show you the definition of a pulse. —_— —_—

I then show them the definition of a pulse from the OPH that I was using to teach before I

explain it to them. After exposing the definition, I explained the definition of a pulse. This
curricular saliency (CS) overlapped with conceptual teaching strategy (CTS) occurred
between 00:55 seconds — 02:00 minute.

Teacher: A pulse is a single disturbance which moves through the medium. For example, if you tap the water
in a bucket with a finger, you will notice a ripple moves away from the point where you touched the
water. Therefore a ripple is a pulse that moves away from a point of disturbance. A pulse 1s a single
disturbance that moves through a medium.

A new concept of ‘medium’ jumped into play and [ had to define it. But before 1 defining it,

I asked learners what they understand about the word ‘medium’. T was trying to find out

whether or not they know the concept — exposing learners™ prior knowledge (LP) of the

medium,

Teacher: Now anyone who can tell me what a medium is? Because we are talking about something new... we

are introducing something called a medium. .. what is a medium? (02:05min — 02:45min)

Learner: a medium is something that can move the pulse.

After a learner has responded positively to the question, I showed them clear definition of a

medium from the slide and read it out to them. I emphasized this definition by repeating it

three times because 1 realised that it is difficult for learners to understand (WD). This

component overlapped with the curricular saliency (CS) and was important because learners

should know that pulse needs something to move it from one point to the other.

Teacher: yes that's the answer... a medium is a substance or an object that allows the pulse to move... a
medium is a substance or object that carries or allows the pulse 10 move (repeated x3)... the

medium is a substance or materials in which the pulse moves. .. the medium carries pulse from one

place 1o the other. However, the medium does not create a pulse and is not a pulse. (02:45 — 04:45).

I then did a demonstration — macroscopic representation (RP): 1 took a duster and gave it to

the first learner in front and asked her to pass it to the learner next to her. The next learner

Jane used the transcript of a lesson on pulseslér o identify the TSPCK components used
to deliver the lesson. She then constructed themaganying TSPCK map in the right hand

column, depicting the interaction between thesatifled components.

The research projects of the 23 participating jereise teachers were analysed with respect to
the TSPCK maps they designed for the planning pbaseir lessons and the actual teaching
of those lessons in order to identify emerging gyat in the cohort. For presentation of

analysis, four participants were identified frone tbata as most clearly representing the

emerged patterns from the analysis process totheusén this project, although reference to
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examples from the other participants have been waée assistance was needed to highlight

points of importance

3.6.3 Analysis of self-analysis reports

Final year physical science pre-service teachene wequired to complete mini-research
projects identifying and analysing the quality adBHCK by reflecting on their teaching
experiences. They were expected to describe th€KSpisodes and corresponding MAPS
of their planning and teaching of their topics préed at their teaching experience. They also
defined TSPCK episodes as instances in planningawching where two or more TSPCK
components were found operating together in a tagd@gment of a lesson. For their analysis,
the pre-service teachers identified TSPCK companientheir planning by compiling TSPCK
maps. Pre-service teachers then transcribed asdardings of actual classroom lessons to
find evidence of TSPCK episodes from their teachergeriences and drew accompanying
TSPCK maps. The created TSPCK maps were used ksepree teachers to describe how
the evidence in the lesson plans and classroomndsanscriptions were evidence of TSPCK.
They then wrote reflections on the process, indgdivhat their beliefs about their own
knowledge as pre-service teachers were, and thegrgss and abilities after completing the

course.

| analysed these reflections of each report in oraleletermine the recurring themes coming
to the fore in the development of the pre-serveaschers. | also analysed these reports to
indicate whether | agreed with the analysis, follmyvthe in-depth qualitative analysis

technique based on the evidence, such as the eatrdescription presented by the pre-service

teachers.

3.6.4 Analysis for pre-service teacher views

In this study | considered ‘views’ as a combinatufrireely expressed statements and science
teacher beliefs. Teacher beliefs are personal rarstthat provide understanding of the
teacher’s practices (Luft & Roehrig, 2007) senaisa lens for class activities, enabling teacher
education programs to continue developing scieraehiers. Nilsson and van Driel (2011)
describe the interconnectedness of views and thefdéhat inform them through reflective
practices. Luft and Roehrig (2007) previously exptbteacher beliefs by conducting semi-



23

structured interview with teachers to documentheabeliefs. They asked key questions given

below:

1. What does teaching science mean to you?

2. How can you increase chances for student leguinigour science classroom?

3. Describe how you perceive your role as a sci¢emeher?

4. During your school teaching experience, how ygodi know when your students

understood what you taught them?

5. In a school setting, how do you decide whaes&zh and what not to teach?
6. How do you decide when to move on to a new topyour classroom?

7. How do your students learn science best?

8. How do you know when learning is occurring iruyscience classroom?

My study analysed the responses on these quedtioamploying the science teacher belief
MAPS designed by the authors (Luft and Roehrig,7280r analysis. The MAPS are criterion
based and required matching of pre-service teactemgonses with the criteria to determine
the category. According to Bertram and Christian@914) the method chosen to analyse the
data must be the most effective in obtaining tHermation needed to answer the research
guestions. Although the use of an open-ended questire has the disadvantage of being
unable to fully explain why a certain response \ga®n, the value of using a structured
guestionnaire such as the science teacher bebetsining closed ended questions, yielding
guantifiable information about the group would have elicited the descriptive responses from

the participants required to answer the researelktopns (Bertram & Christiansen, 2014).

Using the rubric to analyse the beliefs elicite¢pbg-service teachers in the test answers would
allow me to gain insight into their thinking thaarmmot be captured through observation of
teaching activities (Luft & Roehrig, 2007). Ahmddjbben & Sadeck (2014) performed a
similar study eliciting data from teachers expnegdheir opinions and views on the use of
socio-scientific scenarios in science teaching,seatched for similarities in the respondents’
answers to find patterns of similarities in resgmd am searching specifically for evidence
of the use of TSPCK and reform-based teaching feeilretheir answers, and find it more
appropriate to place these as criteria in the cutarinarrow the search specifically for these

items. Jonsson & Svingby (2007) studied the adym#taf the use of rubrics in educational
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research and concluded that rubrics are a reledgeng tool, especially if they are analytic
and topic-specific. Rubrics make the criteria oé tstudy specific, facilitating feedback
(Jonsson & Svingby, 2007). There are limitationsthie instrument | am using as the
identification of teacher beliefs is a difficultstagiven the concern that participant responses
to the questions may represent the intention toparcertain behaviours and the behaviours
that they would perform in reality. Jonsson andng§ly (2007) mention that a drawback of
rubric use lies in the validity of judgement of fsemance assessment, requiring a more
comprehensive framework of validity if the rubrgcto be validated.

The data collected is called textual data, but lmarconverted to numerical data to identify

pattern formation and can be difficult to analyseréfore, care should be given to the tool that
analyses the responses given, reason being thatei@archer can struggle to compare
responses that have little in common (Cohen, Magidviorrison, 2007). Therefore, | found

it to be a better option to analyse the answersrdotg to a rating scale from traditional-type

views to reform-based answers according to the ¢ygescriptors | used to describe different

forms of the same type of category in the rubriceréfore, each category of answer was
allocated at least three descriptors depicting#tegory to allow for the variances in the types

of answers given by the participants, to still lkesatibed according to the categories.

Below is a segment of the rubric, with the entubric to be found in Appendix 3.

1. What does teaching science mean to you?

Evidence of awareness that teaching requires transformation of content

Transformation of content mentioned | Mo transformation of content mentioned

2. How can you increase chances for student learning In your science classraom?

Teacher focused Student focused

I Responsive Reform-based
Teacher designs the
classroom environment to
enable students to interact
with each other and their
knowledge.

Transitional
Teacher creates a classroom environment that involves
the student

Instructive
Teacher monitors student
actions during teaching

Traditional

Teacher provides
information in a structured
environment.

responses to design an
enviranment open to
individualised learning

Teacher depends upon student

*  “By carefully + "By looking at Cognitive Affective * "By using small »  “Knowing that not all
planning my students’ + "By using ¢« "By building a group activities in students leam in the
lessans” responses” different types positive, which students same way, | need to

* "By using *  "lwatch my of activities” supportive hypothesise, organise the lesson in
PowerPoint students closely » "By encouraging environment” predict, create, different ways”
presentations” as they complete them to do their ¢ "Byhavinga share and + "By allowing students

*«  “By arranging the lab activities” own thinking” relationship with guestion” to choose their awn
classroom so that students outside * "By giving students wehicles to learn by”
the students face of class” the opportunities
me" to defend their

+  “luseatextbook, ideas in front of
a study puide and their peers”
we have it on the
wehb"

Figure. 3.2 Extract of the adapted Beliefs rubric.
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The analysis of pre-service teachers’ open statenwémeflections on TSPCK were analysed

through content analysis.

3.7 How validity and trustworthiness was ensured

Trustworthiness in this paradigm is ensured byitetalescriptions of the data (Bertram &
Christiansen, 2014), and data has been kept aiwdhemd | have attempted to reflect the
experiences of the participants as accurately asilpie. At the beginning of the in-depth
analysis, a second rater analysed some of thecipartts’ TSPCK maps in order for an
agreement to be reached regarding the coding aalgisisrof the maps and rubric of teacher
beliefs. For this reason, whenever an analysismede, an extract of the original document
was included in the analysis tale with sectionslilegto the analysis highlighted to indicate
how the deduction or identification of the compadnen episode was made to attempt to
eliminate the shortcoming of multiple interpretasof the data. The beliefs rubric was adapted
from an original, piloted and proven rubric by Luihd Roehrig (2007) ensuring the
trustworthiness of the data on teacher beliefs.Assalt, validity was enhanced in order to
ensure that the interpretations of all data setsewauthentic and convincing to other

researchers.

3.8 Ethical issues

Before analysis of existing reports, | applied dtinical clearance, see appendix 1, to perform
the research. Data collection assured individuahgmity and preservation of confidentiality.
The names of the pre-service teachers have notuseehfor analysis purposes as pseudonyms
have been assigned. Each participant receivedfarmation sheet, explaining the nature of
the research project. Participants were askedjtoasietter of consent, agreeing to be part of
the study, and to be audiotaped during the interygecess. The risk identified is low to the
participants due to the fact that they have alreamygpleted the reports as part of the course
they attended. Participants completed the covel pafgthe report containing personal
information but they were informed that these detaie used to create a demographic for the

study only. When analysis of the resulting repasnmences, each will be allocated a
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pseudonym with which all future analyses will bierenced. Participants will be told that their
reports will be coded to ensure anonymity. The reaare details of individual participants
have not be used for analysis purposes. The nareemby needed for identity when merged

with the larger database for this study.

Each participant was given a consent sheet to camplefore they completed the research
report. They have been informed that their namdisnat be mentioned as part of the study.
The reports will finally be kept in a safe placethg supervisor for three years and will then
be destroyed. All documents, interview sheets amtibdapes will be kept in a safe place with

the research supervisor to ensure that there isaothorised access to the information.

3.9. Conclusion

The data from pre-service teachers’ research re@ontl exam equivalent were analysed to
indicate the levels of TSPCK held by the pre-servieachers and determine congruency
between their identification of TSPCK and that ofesearcher with many years’ teaching
experience, and research experience in TSPCK. Amsalyill show that TSPCK episodes

identified in lesson plans experience authenticaegmn into a cluster of episodes while

maintaining the original intention of the lessoheTanalysis of the pre-service teachers’ views
will give insight into their level of belief devgdent toward a learner-centred teaching
approach. Results will therefore attempt to deteenwhether pre-service teachers who are
exposed to TSPCK intervention, are aware of thearring and the object of learning and

which factors in their learning has helped therddwelop.
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Chapter 4: Analysis of pre-service teachers’ TSHE@Kheir lesson
planning and actual teaching

In this chapter, | will present the findings of nualitative evaluation of pre-service teachers’
analysis of their research reports, where they en¢ésd their analysis of their own classroom
practice. The reports reflected on the quality 8PTK in their planning and enacting of their
own classroom teaching. The pre-service teachagorts included TSPCK maps based on
their lesson plans and the transcripts of the lasshey taught during their practical teaching
experience. The findings will show how pre-servieachers identified evidence of the
transformation of their content knowledge. Furtherey show how authentic their
identifications of TSPCK episodes are in relationah operating definition of TSPCK, and
whether there is agreement between their analysdsnane. In conclusion | summarise the

findings in relation to the research question inigeged.

4.1. Introduction

Final year physical science pre-service teachexgepts were part of a requirement in the
chemistry methodology course. The project requinedn to plan for lessons in specific topics
and then to teach them with audio/video recordiagsl, upon reflection of both, identify the
TSPCK episodes present in lesson plans and thegkaged in the lessons they taught. In brief,
the method of analysis requires identificatione#Eahing segments or extract of lessons plans
that contain TSPCK episodes. These are then ambbysalentifying components of TSPCK
present and describing their interacting naturé?T& maps that correspond to the analysis
are then drawn to pictorially present the identifESPCK episode. Pre-service teachers then
reported on their analysis and qualitative evatunetithrough research reports. In this chapter,
| report on findings from examining and evaluatthgir analyses for emerging patterns, the
authenticity and accuracy of their analyses andirfigs about the quality of their TSPCK. The
evaluation of the pre-service teachers’ analysebkshes a baseline for shared interpretations
of data analysed by pre-service teachers and mgselfmatured researcher, and therefore the

extent of the authenticity of the patterns obseimatiis study as a whole.

The findings are with respect to the first reseagciestion on what patterns of TSPCK
component interactions emerge from pre-servicenseigeachers’ analysis of their own

planning and actual classroom teaching.



28

4.2. Analysis

The submitted research project reports were andlygexamining the extracts of lesson plans
and teaching segments presented as containing TIR&3¥0des and the corresponding
TSPCK maps drawn. The authenticity of their TSP@is@des and component identification
were determined by focusing on the extent of agesrthat existed between the TSPCK
episodes identified by the pre-service teachersthage | was able to identify using their
descriptions/extracts. The TSPCK maps drawn byspreice teachers for planning and actual
classroom teaching were compared to the descrgptblesson plans and transcripts of taught
lessons. During analysis, episode identificatios weade in the written descriptions first and
then matched to the TSPCK maps. | inserted descsipwvith arrows pointing to the
components for identification and correlation puwg® This assisted in ensuring that the
components and episodes identified by the pre-seteiachers were authentically depicted in
the TSPCK maps they had drawn.

4.3. Findings

Analysis of the data revealed three key findingsstly, there were notably more TSPCK
episodes in the pre-service teachers’ analysictoiaateaching of the topics as compared to
the episodes they identified in their planning, le@thhe intentions of the lessons from the
planning context is maintained and delivered in dlctual classroom teaching, despite the
difference in the quantity of TSPCK episodes. Sdbgnthere was an overwhelming
agreement between their submitted analyses of TSet&d¢rved in their lesson plans and
classroom practice with the analysis | did from ta#a they have used. Thirdly, TSPCK
Episodes generated from specifically planned imestcould be vividly distinguishable in the
classroom delivery as clusters of episodes. Evielenthe emergent patterns is first unpacked

in the discussion below.

4.3.1. The comparison between TSPCK episodes imjlg versus actual teaching.

A comparison was made of the analyses of the pxeeseteachers regarding the number of

TSPCK episodes identified in their lesson planswethe TSPCK episodes identified in actual
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classroom teaching of those planned lessons. Thlysa® was based on lesson plans and
observations of two lessons per participant. TSR@isodes were analysed to determine the
intention of the lessons by noting the componemtheé TSPCK episodes of the planned and
enacted lessons in order to show whether thereawascrease in the number of episodes in
teaching versus planning. Any additional episodesevihen analysed as per their component
composition ratio to determine whether the lessas merely expanded on and if the original

intention of the lesson was maintained. TSPCK ej@sowere condensed to allow clear

indication of the nature of the episodes in termmitegration of components, and when the

components merely succeeded each other duringpteedes. Upon matching transcripts and

descriptions to the TSPCK maps, analysis was dart@extent to which the TSPCK maps

represented the activities taking place in thesttamm. The total sample of 23 participants

were analysed. Table 4.1 presents the overviewnpatt

Table 4.1 Table comparing the number of TSPCK episodesanming vs. teaching.

Participant No of No of

identified
TSPCK

Episodes
Planning

in

identified
TSPCK
Episodes
classroom

in

Vuyo

5

Buhle *

12

Jesse

Tony

Sipho *

Philani

Zandi *

Jonah

Debra

Willy

Petrus

Nonhlanhla

Patience

Mpho

Tersia

Alex

Pulane

Joe

Jane *

Helen

Cindi

Jack

Elias

W | W wW||NNWNNOOIOF W WNINIO N W o

NONNQNNwN\IthNhhthO@\l
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The table has two columns that display the amodnTSPCK episodes correctly
identified by the pre-service teachers in the lesptans and actual teaching and
confirmed by the researcher. The participantssdedor in-depth analysis are indicated
with an asterisk. From the table it can be seenthigse were numerically more episodes
in the actual teaching of the topic than in thenplag for teaching. For some of the pre-
service teachers, the number of episodes werel lestezero due to the fact that either |
was unable to agree with the episodes at all, airltivas unable to verify the episodes
due to the lack of transcripts in the reports sutaaj as in the case of Nonhlanhla and
Petrus. The effect is that is seems that therma@me participants less teaching episodes
than planned episodes, but the table only indidhiesiumber of episodes | was able to
verify. In the reports themselves, there were nieaehing episodes in general, but | did
not include them in order to maintain the relidapibf the episodes | do mention in this
study. Due to the fact that, from the 23 partidipgtpre-service teachers, 13 of the
teachers clearly exhibited more teaching episodas what they had indicated in their
lesson plans. | decided to focus my in-depth stufdfzeir TSPCK maps on 4 teachers to
illustrate best the display of the pattern shoverganded TSPCK episodes in classroom

contexts.

A key finding was revealed in the comparison of TP CK maps of the lesson plans and the
actual classroom teaching. TSPCK episodes displaydelsson plans expanded into more
episodes or more repetitions of components whesdamit in actual classroom lessons. Single
planned-for episodes blossomed into clusters ofQKSEpisodes during teaching. Figure 4.1,
of Zandi’s first lesson as illustrated below shdtws mechanism of expansion of the episodes
from planning to teaching, indicating the origiepisode from the planned episode as it plays

out in the actual classroom teaching.



Planning

The Big Ideais the
concept of the existence
of two kinds of charges,

Sticky tape is

Differentiating between

aneutral object and the visual
ohject with excess representation
electrons with learners of TS,

using sticky tape to

make the

differentiation.

Classroom teaching

N

The shoded components in ploaning and teaching indicate the
components which were imported from planning to actual classroom
teaching.

C5in planning- bringing across the big idea of two kinds of charges
remains the same when expressed by the teacher In the taught lesson.

-
CT5 in planning occurred when the pre-service teacher planned to

differentiate between neutral and charge-bearing abjects using sticky =
tape a5 a representation allowing learners to develop the skillin
groups.

In the actual teaching of the lesson, the pre-service teacher noted that

Lt CT5/R episoda was better depicted by a C5/R episode as the sticky =
tape representation became a teacher demanstration.
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This C5/R episode is 3 new expansion not
noted in planning, 1t is the lessan introduction
where the pre-service teacher brought acrass
the big idea of types of charge usinga
representation of the atomic structure,
Learners wera involved in defining the term
charge ta link it to the big idea.

The pre-service teacher used additional
representations of differant metals and
pieces of chalk to re-emphasise the big idea,

(N’ References made by learners during
the lesson based on alternative

definitions of the terms used in class
(conductor, use of sticky tape)
prompted this expanded eplsode,
creating the opportunity for the
teacher to use additional
representations of drawings on the
haard to bring acrass the big ideas,

Figure 4.1.Zandi’s first lesson showing the expansion of TBRpisodes in classroom
enactment.
In the lesson plan as featured in the left hand sidFigure 4.1, the big idea (CS) brought

across to the learners was about the existenaeookinds of charges. Zandi planned a to use
a conceptual Teaching Strategy (CTS) to of compatie two charges and differentiating
between a neutral object, electron-deficient obgad an electron-rich object. The CTS
component integrated with the component of reptasens (R) as he planned to use sticky

tape as part of his visual representation of attra@lectrostatic forces.

The actual classroom teaching TSPCK episodes fghiarthe right hand side of Figure 4.1
expressed the same big idea,with the original @dniSPCK episode in colour to indicate
where the episode exhibited itself in the actudivdey of the lesson.The sequencing of the
lesson was expanded first reflecting awarenesh@fpre-service teacher of the need for
discussing pre-concepts (structure of an atom)rbediscussing charges. The expansion is
noticed again much further into the lesson withadditional TSPCK Episode LP/R/CS. This
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expansion occurred due to the verbal interactibesé¢acher had with the learners. The pre-
service teacher seem to have noted that the leprioerknowledge (LP) was focussing on the
everyday definitions of the terminology used. Hermwledged the importance of addressing
learners’ prior knowledge to prevent the formatammisconceptions. He then added more
representations displaying different types of ckardpefore summarising with equations
representing the concepts. Figure 4.1 shows annsigpaof the TSPCK episode, while still
maintaining the essence of the planned lessonnGgmw is a sample of extracts from lesson
plan versus observations of the four teachers fibinh the TSPCK Episodes shown in Figure
4.1 were drawn. The episodes drawn by the pre<teiachers for their subsequent lessons

can be found in appendix 2.
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Table 4.2Comparison of TSPCK episodes in planning and aassrteaching.

The episodes represented in the table were crbgtéte pre-service teachers, authentication andriggiens on the TSPCK maps were
done by myself to generate secondary data. Theigesns were taken from the lesson plans and abass teaching transcripts, and inserted
appropriately next to the TSPCK component it réfldc This made for easier understanding of thereattithe interacting components

without having to keep referring to the originariscripts for clarity.

Jane| Stoichiometry Lessonl-stoichiometry
Lesson Plan 1
Introduction

Stoichiometric

CS leads to DIF, not calcultions

integrated but both Qshof what s P

present in the leamers know Lo (ifficult

episode \ [ast week's \ |

Explaining \ lesson "; | Highlighted
N / stoichiometry j important
Giving key
topics

/
concepts N : ’

BOdy BOdy




Sequencin Lesson still based in B
e : Participant chose to
lesson from previous lesson and
" do examples of

easy to progression made .

/ calculations
complex from easy to complex / ‘

\ | / together with

\ /lb\ £ leamersinthe class
00

Episode 1

_ Examples of

Balancing equations \.”
. 8ed ) as ) calculations done
previously dealt with \ .
N in class together

Episode 2
Conclusion
Emphasisng the //,Issumg a worksheét with
mostimportant. 1 5 # qlue.snon.saddresmng
aspects ofthe difficult issues for
) learners to practice

topic

(S leads to

addressing DIF,

not integrated

__— Ordering the
steps to be
followed

Doing
examples on
the board

Balancing

chemical
equations

the steps discussed in

oece - Actually performing
R
the beginning

Conclusion

Testing understanding
of what has been done
previously as it is
considered difficult to
understard

| Sequencin

g
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Buhle

Lesson 1
Potential Difference and current
hstructions of 2~~~ USI"g
Choosingtouse  reuit diagram,  Previows
aworksheet, setting up real knowledge of
helping learners - circuits and
e ‘ cheut Integration of
to make their \ apparatus
) \ / b thethree
own deduct\ons\ \ /
\ \ / component as
N / they work
6 1P . togetherinthe
same
worksheet to
teach the
concept

Sequencing .+

Lesson 1
Potential difference and current

Merge of prior knowledge
into big ideas.

(S for emphasising
what PD is and how it

LPfrom past relates to the circuit / Using actual

lessons \ /
/ apparatus to

brought into N - ¢
o demonstrate
this episode |
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How to " Integrated, the representations
Al visualise _are used to explain what is
nalogy, an electric difficult to understand

diagrams field i

’ ———Sequencing, at
best, cannot find

\—/ evidence in the
transcript

Definition of
current s abstract,
difficult (integrated Sequencing, and integration
as analogy is used with LP as charge is a prior
to explain what is concept, with symbolic
difﬁaﬂt) representations used to

\ //' explain formulae.

L ,

DF

o]
Analogy

Measuring PD / How the battery
in the circuit / relates to PD
was done :

before
«—Concept of

potential
' Difference?
/ T Unsure
Analogy / { .
Cannot find CS Circuits
in the extracts
Emphasis placed ~ COMParison,
onworkdoneon  ANIOgY,
Revised previous  achargeina symbt?lic
topic using circuit | equations hyee
charge and force / components
/ | mergedas they
/ ~ work together
R toaid in
teaching what
Doing work on a is difficult to
charge in an understand

electric field
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o Abstract Diagram
Big idea, concept drawn on
PD \ \ / the board Merged as
™y | / they were
used
' together to
| explain the
concept
How charge moves
in the circuit
' / Referring
Possible?
4 to charge
Explanation \
strategy + Cannot find this
using R component in
. the extract,
Circuit
: i could be for
diagram i .
| | sequencing
analogy Still refers to the
same R used in
the beginning of

the eisode
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Zandi

Lesson 1
Two kinds of charges

" Sequence of the lesson

Introducing the Big ldea ~_,
of conservation of
charge

™ The learners are
actually doing the
calculations
themselves

Big idea-
concept of
2 kinds of

charges

|
)

— ™ sticky tape
Differentiating — ytap

between a neutral
object, electron
deficient object and
excess-electron
object.

Integrated components because
the big idea is described using R

Symbolic representation
Foundation of of the structure of the
electrostatics \ atgm Episode 1

In planning this was 2
lessons, in actual
teaching it was only 1
Arrows leading down
Sequencing »r». §h°W:hP"‘;E‘VESSi°"
rom the 1°
sequence to last, not

exactly connecting
them

Big idea- Physical ~__
processes. T
Representations,
using chalk used as
different kinds of
metals

Episode 2

LP- explain insulator.-
R- drawing CS
sequencing, unclear

Episode 3

Symbolic representation \
Big idea, not clearly

Episode 4
specified pisode

38
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There exists a clear trend that more TSPCK episaggesisible in the classroom enactment of
the planned lesson as can be seen in Table 4.4vb&loe reasoning behind the planned
episodes appear expanded upon when enacted intwel s&aching situation with all the

complexities found in the class.

4.3.2. Planned TSPCK episodes were expanded ialadaissroom teaching

To elaborate on this finding, a table of TSPCK ssmpes is provided below. In the Table the
pictorial TSPCK Maps shown in Table 4.3, each afgswas represented as a sequence of
components as depicted in the last two columnsatiiel 4.3 above, are shown as TSPCK
sequences for simplification. A TSPCK sequencessrglified representation of the TSPCK
episode using a forward slash in the episode itelcantegration between the listed
components i.e R/DIF, and the dash indicates ttermf the sequence i.e. LP-R as shown in
Table 4.3 below.

Table 4.3 Number of episodes present in planning and tegchi

Participant| Lesson | Number | Number off Components | Components
number | of episodes | featuredinthe featured in the
episodes | present in episodes fol episodes for actual
present in the actual planning teaching
the lesson teaching
plan segment
EPISODE 1 | EPISODE 1
LP-
rDIFCTs | R/PIF
EPISODE 2 | EPISODE 2
. R/DIF-CS R/DIF-CS
Sipho | 1 2 4 EPISODE 3
R/DIF/CS
EPISODE 4
LP/CS
EPISODE 1 | EPISODE 1
LP-CS/R-
LP/R LP/CS-R
5 5 3 EPISODE 2 EPISODE 2
CS-R/CS LP-CS
EPISODE 3
LP-CS-R
3 2 1 EPISODE 1 | EPISODE 1




Participant

Lesson
number

Number
of
episodes
present in
the lesson
plan

Number of
episodes
present in
the actual
teaching
segment

Components
featured in the
episodes fol
planning

Components
featured in the
episodes for actug
teaching

1

LP-R/DIF

LP-LP-R/DIF

EPISODE 2

R/ICS

TOTAL

Jane

EPISODE 1

EPISODE 1

CS - DIF

LP-LP/DIF/CS

EPISODE 2

Could not agree o
the other episodes

-

CS- LP-CTS

EPISODE 2

EPISODE 3

LP-DIF-CS

LP/CTS

EPISODE 4

CS-DIF

EPISODE 1

EPISODE 1

CS/LPI/CS

LP/CS/R

EPISODE 2

EPISODE 2

LP/CS/R

LP/DIF/CTS-
CTSICS

EPISODE 3

EPISODE 3

R-CS

CTS/CSICTSICS

EPISODE 4

EPISODE 4

DIF/CS

LP/CTS/DIF

TOTAL

Buhle

EPISODE 1

EPISODE 1

CTS/R/LP-
CS

LP/CS-R

EPISODE 2

EPISODE 2

R/DIF-CS

R/CS/LP-
DIF/LP/CS

EPISODE 3

EPISODE 3

R/DIF-CS/LP

LP/CS/R-DIF

EPISODE 4

CS/DIF/R

EPISODE 5

CTS/DIF/R-
LP/CS
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Participant| Lesson | Number | Number off Components | Components
number | of episodes | featuredinthg featured in the
episodes | present in episodes fol episodes for actug
present in the actual planning teaching
the lesson teaching
plan segment
EPISODE 1 | EPISODE 1
R/LP/CS R/LP/CS/DIF/ICTS
2 2 2 EPISODE 2 EPISODE 2
STS/CS/ P~ | cspiFiLP-R
EPISODE 1 | EPISODE 1
;P'CTS/CS' LP-DIF/CS/R
EPISODE 2
CS/DIF-LP/R
EPISODE 3
3 1 > CS/R/DIF-LP
EPISODE 4
CS-LP/R
EPISODE 5
CS/LP/R
TOTAL | 6 12
EPISODE 1 | EPISODE 1
CS-CTS/R CS/R-CS
EPISODE 2
CS/R
Zandi 1 1 4 EPISODE 3
LP/R/CS
EPISODE 4
R/ICS
EPISODE 1
2 1 0 CS-CS/CTS
TOTAL | 2 4

D
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The first column of the table contains the assunsades of the pre-service teachers. In

the second column, the number of the two repreteatiessons are indicated. In the

table it can be seen that there are more TSPCKdagssfound in the actual teaching of

the topic as seen in the last column than in tharphg of the lesson. Lesson plans were

described in a more packaged format according nemelesson plans they were taught

in their training classes but as they presentedetssons, they use TSPCK components
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in a more expanded way. In their lesson plansr tieéerences to specific components,
for example CS are during the teaching episodegdthto R and CTS. Comparisons
made between the planned and enacted episodedishioive component types used for
the specific topics were maintained, indicatingt ti@ intention of the planned lesson
was maintained, but there were more clusters ofdingonent groupings to be found in
actual classroom teaching, possibly due to thehtraioteracting with the learners and

associated complexities in the classroom in omléring the topic across to the learners.

Participant Jane shows a smaller number of episidesfor planning, but actually did
have more episodes, | did not include them in tiadysis since | was unable to agree on
the episode component description based on thenesanscripts, and therefore still
contribute to the trend in terms of frequency ceuihe additional episodes found in the
actual teaching segments indicate that the sampaoents were used as in the planning
of the lesson, in general, but that during the hewr of the concept, the pre-service
teacher expanded the use of the components inegets number of episodes, while

maintaining the component theme of the lesson.

Upon comparison between the frequency of componesés during planning and
teaching, there is great similarity in the typesofmponents used, indicating that, even
though there were more teaching episodes presdheiteaching sequences, they still

focused on using the same components as were atjgptanned for.

Table 4.4 Frequency count of the components evident iIT®RCK episodes in planning and

teaching.

Frequency count of components for planning versuseaching
Components present

Participants Components present in teaching

planning

LP |CS | DIF| R CTS | LP CS | DIF| R CTS
Sipho 5 5 3 6 1 6 6 4 6 0
Jane 4 8 3 2 2 6 6 4 1 5
Buhle 5 6 2 6 3 12 13 | 9 12 | 2
Zandi 0 3 0 1 1 0 0 0 0 0
TOTAL 14 |22 | 8 15 | 7 24 25| 17 190 7
% 21 |33 |12 |23 |11 26 27 (18 |21 |7.6
Ratio in which
TSPCK

components wer 1.91| 3.00|1.09| 2.09| 1.00 3.42.|1 3.55| 2.37| 2.67| 1.00
used by preq
service teachers
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Table 4.4 shows the frequency of the appearanaadi component in the analysed
episodes. The headings differentiate between tteedomponents in planning and the
last columns, the components identified in the heay TSPCK episodes. Totals were
calculated for each of the components featuredsadiee four pre-service teachers, and
the totals were converted into percentages. Theepage frequency of the components
identified were converted to ratios in order toilfete a comparison between the
frequency of component use in planning and teacHihg table ratios show that the most
frequently used components were LP, CS and R, darmf frequency, which were also
the combination of components found to feature mently in similar research done by
Mavhunga (2015). The components DIF and CTS fedtthe least in planning and
teaching episodes. It is possible that pre-sertgaehers gain the skills to use the
components LP, CS and R before the lesser usedawmts and therefore feature a
smaller number of DIF and CTS in their TSPCK maps.

It becomes clear to see that, although there were teaching episodes, featuring more
components, the ratios and order of frequency teedined constant, indicating that the
taught lessons were expansions of the plannedrssaad the original intention of the

lesson, the use of specific components, was magdai

The TSPCK maps in table 4.2 point out what is hapygein the lesson plans and in the
classroom as the transcripts and explanationsaheipating pre-service teachers wrote
to describe their episodes were used to desiglabieds for the maps. Using the arrows
as a sequencing guide, it is possible to see theutaof the lesson based on the
components used. Using one of the maps of Buhle, wés teaching the concept of
potential difference and current, the map shows ttiea components LP and CS were
integrated, using the learners’ prior knowledgenfr@revious lessons in order to
emphasise what potential difference is and howeliates to the circuit. These two
components were the foundation for the teacheetalbe to use apparatus to perform a
demonstration to explain potential difference im@aningful manner, whereas it would
have been difficult for learners to understanddbmonstration if the prior knowledge

was not linked to the current apparatus.
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Merge of prior knowledge
into big ideas.

CS for emphasising
what PDis and how it

LPfrom past\ relates to the circuit

lessons \

brought into
this episode

/ Using actual
/ apparatus to

. / )
demonstrate

Figure 4.2 TSPCK map showing class activity from Buhle.
Of the episodes that are shown in table 4.2, theitkes planned for and enacted in the
classroom can be noted. A comparison of the planaid actual lesson reveal that the
intention of the planned lesson was kept duringtdiught lesson, but expanded on the

original episodes.

For example, the first lesson of Sipho as seenigureé 4.3 contained two planned
episodes where the pre-service teacher would tégcboncept of limiting reactants by
first recapping what learners already knew abaitBiometry by using a diagram of a
difficult concept to assist learners to creatertb&in understanding. Secondly the pre-
service teacher planned to use an analogy to explaat was known to be a difficult

section of limiting reactants.

Sipho Lesson 1 Lesson 1
Limiting reactants Limiting reactants
Participant
knows Diagram, | R-diagram used
Participant knows that this is board le’s hi to explain what is
learners have an calculation "'gHonsniP difficult to
struggled with extremely Episode 2 understand about
i . limiting reactant.
unger.standlnglof Analogy ~ abstract ‘ //Cs-biggidea Reanalogy used
stmchnorvetrym of cars concept to _ to explain what
Recap of the previous and be made // is difficult to
ichi i d  lesson. less e
stoichiometry Diagram use! esso/n M\es - Episode 1 L u_nderst_andA
/ \ abstrac « Links with CS
) showingitas a
° big idea.
.~ Episode 3

Asking
learners the

Allowing learners to importance of

Episode 2

developan the limiting )
understanding of reactant ..~ Reinforcing prior
their own knowledge of
| ; . stoichiometry, with CS
L | \ ‘[ J “o only weakly
RS — l i representing the big
| | Episode 4
! idea.
Episode 1

Figure 4.3 TSPCK maps in planning and teaching of limitiagatants by Sipho.
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In the actual teaching of this lesson, 4 defingisedes were noted, where the pre-service
teacher started the lesson by doing a calculatiandfficult section of stoichiometry.
This episode is similar to the first planning epis@s the planning episode didn’t specify
how the recap was done and could resemble whatataslly done in teaching. The
second and third teaching episodes resemble amgxpeof the second planned episode.
The pre-service teacher used a diagram to exgiaidifficult section of limiting reactant
which was noted as the big idea, then moving thnaihg lesson with an analogy that
expands on the previous diagram with the samef settegrated components. The fourth
episode showed more expansion of the original ptaih was meant to reinforce the big

idea as well as the prior knowledge.

4.3.3 Authentication of pre-service teacher TSPCipranalyses

Pre-service teachers used in-depth qualitativeyaisaimethod to identify and describe
TSPCK moments in their lessons. Teaching segmesns identified in lesson plans and
teaching transcripts and analysed to search fdannes where TSPCK components
appeared. The components were then listed, andgla@ sequence, or as an integration
with other components. TSPCK maps were then cortstlof these teaching instances
and pre-service teachers provided their own arsmlysthe episodes. As a researcher, |
followed the same analysis technique where | stavith an identified teaching segment,
identified a TSPCK episode, and then analysedegenent for the sequence, names of
components present in the sequence and the walyiai\the components interact in the
sequence. TSPCK maps were rated in terms of tleeagmt | had with their analysis of
the segments. Good agreement is reached whery lagitee with the TSPCK episodes
identified in a teaching segment as well as thealysis of the sequence in which the

components appear, their names, and their interacti

Park and Chen (2012) defined a TSPCK episode @achihg segment wherein two or
more TSPCK components interacted and the pre-seteachers used this definition in
the analysis. They represented the transformaficordent knowledge in their planning
and teaching by drawing TSPCK maps, the graphegaesentation of the connections
between the TSPCK components in a teaching epi@dk & Chen, 2012). It is
important first to explain and show an example of SPCK map for clarity in the
evidence presented below.
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Below is an example of a TSPCK map. Circles withrabiations are used to represent
the TSPCK components present in a teaching segrrentexample, Figure 4.2 presents
a TSPCK episode made out of three TSPCK compondimsse are Learner Prior
Knowledge (LP) repeating; What is difficult to umsiand (WDT) and Curricular
saliency (CS). The circles are presented in theeromd which the components are
identified in a teaching segment. Thus the ordes@mted in Figure 4.1 is the component
of Leaner Prior Knowledge observed first, repeatechanner that drew on What was
difficult to understand, followed by drawing on daular saliency. The circles are
presented in which they are observed interactiong.ekample, for the TSPCK episode
presented in Figure 4.2, Learner Prior knowleddjessobserved in the teaching segment
as a clear stand-alone portion of what the teashiel. There is then evidence that the
teacher moved to a discussion, that drew on legyner knowledge (different to the
first), What is difficult and curricular saliencyr imanner that is in that order but

inseparable.

Lessoni-stoichiometry.

0:00-04:09 The lesson was begun by
asking learners what do they think of
when hearing the topic stoichiometric
calculations or rather what can they
relate stoichiometric calculations to. A
list of answers they gave me was written
on the board. The main aim of this part
was finding out what leamers afready
know about the topic and if they have

Stoichiometric any misconceptions befare | teach tham,

calculations
Importance of perceived as Highlighted

Q+A of what last weeks difficult important topics
learners know lesson

Again an emphasis of the importance of
last week's lesson was made, this was to
show leamers that our lesson depends
maore on our previous lesson which was
about “The maole concept”. | highlighted
important things to look out for when
doing stoichiometric calculations.

Figure 4.4. Example of a TSPCK map with accompanying classrteaching
transcript

The TSPCK maps constructed by the pre-service geadhsplay the sequence in which
the components appeared in the teaching plansmsdripts of teaching events and the
actual components featuring in the teaching epissee to bring across meaning to the
learners and the linked components indicate ti&gration in teaching the lesson. In
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this way, the type of components used, the sequamtenethodology of the lesson can

be viewed at a glance.

| used three categories to classify the agreemnmamely, good agreement, moderate

agreement and poor agreement. Table 4.5 belownisetdee extent of agreement across

the entire sample. Pre-service teachers set asmided detailed study are indicated with

an asterisk.

Table 4.5.0verview of the agreement of analyses for TSPCiKoeles in planning and
classroom teaching

Pre- Lesson planning Classroom teaching Verdict
service
teacher
Column 1 2 3 4 5
Episodes Episodes Episodes Episodes
identified by identified identified identified
pre-service by by pre- by
teachers researcher service researcher
teachers
Sipho * 6 6 8 8 Good
agreement
Pulane 2 2 2 2 Good
agreement
Jane * 8 8 11 11 Good
agreement
Joe 2 2 2 2 Good
agreement
Alex 3 3 3 3 Good
agreement
Buhle * 6 6 12 12 Good
Agreement
Willy 1 1 2 2 Good
agreement
Philani 2 2 4 4 Good
agreement
Mpho 7 7 6 6 Good
agreement
Zandi * 3 3 4 4 Good
agreement
Debra 2 2 4 4 Good
agreement
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Pre- Lesson planning Classroom teaching Verdict
service
teacher
Column 1 2 3 4 5
Episodes Episodes Episodes Episodes
identified by identified identified identified
pre-service by by pre- by
teachers researcher service researcher
teachers
Helen 3 3 3 2 Good
agreement
Elias 3 1 3 3 Moderate
agreement
Jesse 3 3 9 6 Moderate
agreement
Masego 4 3 3 2 Moderate
agreement
Vuyo 1 1 5 4 Moderate
agreement
Jack 5 3 6 3 Moderate
agreement
Thapelo 3 1 3 1 Moderate
agreement
Patience 1 0 4 4 Moderate
agreement
Jonah 11 3 16 4 Poor
agreement
Nonhlanhla 0 0 3 1 Poor
agreement
Tony 7 7 9 - Poor
agreement,
no
transcripts to
make
confirmation
Petrus - - 3 3 Poor
agreement,
no

transcripts to
make
confirmation
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Table 4.5 indicates a good agreement for 12 op#hrécipants and moderate agreement

for 7 participants across all the analysis condijcte extracts from lesson plans as

shown in columns 1 and 2. The same pattern is vbddor extracts of teaching segments

as shown in columns 3 and 4. From the table thebeuraf episodes identified by the

pre-service teacher can be seen. In instances wha® able to find sufficient evidence

in their transcripts and descriptions, the verdittgood agreement between the pre-

service teacher and myself was given. Followingowelre examples of the actual

analysis depicting good agreement. The figure betoan example of good agreement

from the TSPCK map constructed by Buhle.

Description | Extract from transcript of | Pre-service teachers TSPCK map representing the Researchers  analysig
classroom lesson transcript extract for authentication of
TSPCK map drawn by
pre-service teacher
according to transcript
extract
Teaching | Extract of the transcript of the TSPCK map drawn by Buhle dipicting TSPCK episode in |hAgree
segment second episode {7minute) of the| teaching segmentextract
extract lesson
from
Buhle’s Teacher. “...as the electrons move
lesson in the conductor, a wire, they are not
that free to move, why are they n
that free to move[?], what makes DIF:The concept of
the wire? EMF i difficult to
Learners: the wire is made up of th understand.
Lesson 3| copper LP:opposite charges
(Topic): Teacher. 1 confirm previous
Resistance a understanding.
Episode 2
\
Buhle was| remember we talked about this. T
teaching electromotive force is what causes
Current the electrons to move. When there
electricity | are [o]pposite charges what
and the| happens?
resistance | Learners: they attract each other.
in a | Teacher:
circuit-
then noted
(as
confirmed
in her
notes) they
did not
understand

the concept
of

EMF,
which is a
key
concept

(&

Figure 4.5.Buhle’s analysis of TSPCK episode in a lessonesistance.
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The figure above is an analysis of the TSPCK magsttacted by Buhle. The first column sets
the context in which the episode was identifiede $econd column contains the extract from
the transcript of the teaching segment that Buldeduto identify components for the
construction of the TSPCK map. The third columntaors the TSPCK map Buhle constructed
from the extract. The final column contains my ge& of the first three columns, indicating
that | agreed with the analysis, and the reasansmjodecision. Buhle identified the use of CS
from the big idea being taught, exhibited in hesalgption of the atom, an important concept
needed before establishing resistance, appearitiggitesson as follows: Teacher:”Let’s say
copper atoms, and an atom is made up of protonglacttons and the electrons are the ones
which are free to move.” CS was interacting withatvis difficult to understand about EMF by
mentioning to the learners that “the electromofaree is what causes the electrons to move”.
The use of these interacting components infornstisequent use of the components Learner
prior knowledge of electricity and circuits, repeaing the difficult concepts as macro-
representations of an example of the people pustgether at Park station. | was able to
identify the same components from the sequenceeftire | listed this episode as good
agreement. Another example showing agreement betthiegore-service analysis and mine is
that of Vuyo, featured in Figure 4.6 below.

Description Extract from transcript of classroom lesson Pre-service teacher's TSPCK map| Researchers analysis
representing the transcript extract for authentication of

TSPCK map drawn by

pre-service teacher
according to transcript

extract

Lesson 1/ 1 then did a demonstration
(Topic):
Transverse
pulses
Vuyo was
explaining
the
movement
of a pulse
though a
medium.

Agree, episode visible
|

1

pen

n.
Teacher: a transverse pulse is the pulse wherg all
particles of medium disturbed move perpendicular or
right angle to the direction in which the pulse|is curricular salienc
moving. i

P)
ver
the




Teacher

).

—

he

icle
wn
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Figure 4.6. Vuyo's analysis of TSPCK episode in a lesson alsgs.

Vuyo drew an authentic TSPCK map representing tBBAK episode which occurred

in the classroom lesson on pulses. He effectivegdudifferent representations including

a board duster and a diagram on the board to mprélse pulse in a medium. The

teaching strategy integrated with the represemta®Vuyo used all the learners in the

class to represent the medium through which theepoioved. Curricular saliency was

exhibited in Vuyo’s reinforcement of the fact thiats the pulse, and not the medium

which moves, an important concept in pulse propagat

The last example showing agreement between thegoéce teacher’s analysis and mine

is that of the lesson plan of Pulane in Figureb&lbw.

Description | Extract from transcript of | Pre-service teacher's TSPCK map representing the lesn | Researchers  analysig
classroom lesson plan extract for authentication of

TSPCK map drawn by
pre-service teacher
according to transcript
extract

Extract Extract of the lesson plan. TSPCK map drawn by Pulane dipicting TSPCK episodeein| Agree

from Learners have to work lesson plan segmentextract

Pulane’s collaboratively in the form of a clags

lesson plan| discussion. This unit was based pn

Lesson 1
(Topic):
Physical
and
Chemical

change

the introduction of | NCENIBRNEI 3
ges are. After {
introduction. Explanation segment

properties an

Figure 4.7. Extract from the lesson plan of Pulane.

The lesson-plan of Pulane, as shown in Figure rditates the integration of the two

TSPCK components of Curricular saliency and repagi®ns. There is an important

foundational chemistry concept to be taught (ptalsemd chemical change) and the

difference between them is taught through the @isarious representations to show the

differences between the two parts of the concepicé the integration of the components.

In summary, the examples shown above indicate #tere of presented analysis of

lesson plans and teaching classroom which | haga lreagreement with. The level of
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agreement between myself and the pre-service tesaghere the same for their lesson
plans as actual classroom teaching transcriptmégioned, establishing this agreement

was important in determining the authenticity of ffatterns.

4.4. Conclusion

Analysis of pre-service teachers’ TSPCK maps isdasplanning and actual classroom
teaching illuminated several patterns in compariddre episodes showed expansion in
guantity of episodes in the teaching of plannedcgbut the intention of the lesson was
maintained in a large quantity of the participatprg-service teachers. The episodes,
once verified to be authentic showed that the satfaccomponents were maintained, with
curricular saliency, representations and learnaor pknowledge being the most

frequently used components in planning and actiassooom teaching. These findings
could inform teacher education programmes of preise teacher’s needs in

development at this stage of their training, togethkith their views on teaching science,

which will be discussed further in chapter 5.
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Chapter 5: The Views Held by Pre-service Teachdmsuf Using
TSPCK in Their Teaching

In the previous chapter, | presented findings wédard to the first research question on the
authenticity of pre-service teacher’s analysist# tjuality of TSPCK in their own teaching
practice and the trends that emerged from suchyemal This was found to be authentic. In
this chapter | present findings on the views thelgl labout using TSPCK framework in their
teaching. Pre-service teachers’ views were growgmbrding to similarities in expression and
emerging trends. These are discussed in detalbdecthe chapter by summarizing the key

findings.

5.1. Introduction

In this chapter | sought to answer the second relseguestion of the study, which is,
“What views do pre-service teachers hold aboutgu3iBPCK in their teaching?” The
expressed views were analysed from direct and epded questions asked across two
sets of data. The first was the mini-research tepioom pre-service teachers and the

second the examination equivalent tasks submitiedeks later.

In the mini-research project, there was an opere@rmgliestion seeking reflections on
using the TSPCK framework in their planning andiattlassroom teaching. Pre-service
teachers responded to this question in writinghénhExam Equivalent Task, pre-service
teachers were asked the similar question and ifti@ddpecific, structured questions
eliciting their beliefs about teaching science. tAsse views were asked in an exam
setting, they were issued with a set of criterigpkasising that the marks were weighted
in the reasons they provided for their views, adhwas no single correct or incorrect
answer. The analysis of their responses for the @peled questions both in the mini
research reports and the exam equivalent was domegh content analysis. On the other
hand, the analysis of the responses from the steatiquestions on teacher beliefs were
analysed using a rubric called Belief Maps adafriah Luft and Roehrig (2007), with

pre-service teachers’ beliefs equated with viewdissussed in the methodology chapter.
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Both these data sets were analysed for patteresromon beliefs emerging from the
group. Together, the data from these two sourcesatevhat pre-service teachers regard
as good science teaching. The analysis was altiletally indicate where they fit in at
this stage of their teacher development. They &urttescribed their views of the impact
of the TSPCK development intervention and its dbatron in their study journey

towards becoming effective science teachers.

There are four key findings emerging from the asialyFirst, pre-service teachers
showed evidence of recognising that the teachingc@ince requires transformation of
content knowledge. Second, pre-service teachersegsgd positive views about the
value of the TSPCK framework in in equipping themédntering the teaching profession.
Third, advocated for the inclusion of the TSPCKnfeavork in teacher preparation
programmes. Finally, they portrayed evidence ofitp@ware of the level of their teacher
development and areas for improvement which they he improve in order to be more

effective teachers. These findings are presentedaba time with evidence below.

5.2. Recognition of teaching science requiringgfarmation of content knowledge.

Part of the aim of exposing the pre-service teactethe TSPCK framework was to develop
the understanding that teaching science requirassformation of content knowledge.
According to Geddis and Wood (1997), this recogniis important in the PCK development
trajectory. In this study, a question solicitingws of pre-service teachers was asked as part
of developing a sense of the views held by preiseteachers. Pre-service teachers were asked
in their methodology examination question: “Whatesldeaching science mean to you?”
Analysis of their answers was performed by seargthia pre-service teachers’ answers for the
explicit awareness that teaching science requitesaformation of content revealed a positive
trend. 16 of the 23 pre-service teachers, showvigare 5.1 below, explicitly mention the need

for transformation of content in order to effectiveeach sciences as an answer.

In the second set of data, which is their mini-agsk reports, there was also repeated explicit
mention of this realization by 20 pre-service teaslreinforcing their expressed views. Only
four pre-service teachers did not allude to thesf@mation of content in their exam question,
they only mentioned it in their reflective paradgrapgn the mini-research report. Table 5.1



below presents extracts from both data sets whealec# mentioning for the need to transform

content knowledge is made.

Table 5.1 Sample extracts from the mini-research report exaiminations indicating their
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views that science teaching requires transformaifdmowledge.

' Teacher | Extract from mini research reports Extract from examination
Vuyo [ have learnt that using TSPCK components in | Teaching science to me means transforming
the planning and actual teaching of lesson | conient Knowledge to learners’ better
helps not only the pre-service teachers but also | understanding.
the experienced teachers to transform content
knowledge to learners” understanding,

Helen | They [teachers] have to transform their CK and | So teaching science to me is explaining to the
this transformation is known as PCK and they | students scientific phenomen[a] and everyday
have o apply what they know {0 a specific phenomen(a) ina way that they can relate and
topic that they are going to teach because PCK | understand.
is topic specific in nature,

Patience | 1t has been realized that teachers need special My role is to create an environment where |
understanding to teach such a topic like this work together with the learner to transform the
effectively. In this case, the Topic Specific content knowledge 1 possess into forms the
Pedagogical Content Knowledge (TSPCK) has | learners could understand,
been found out to be suitable in transforming
concepts in a topic,

Elias This is because as a pre-service teacher, | This is because the teacher has specialised
realise that such a topic is somehow absteact in | knowledge (PCK) that he can use to bring
nature. This creates a problem for me to devise | transformation of content knowledge,

a sound methodology that can allow me to
teach for understanding without promoting
algorithmic approach.

loe | Teachers should understand what they teach ...It means being able to transform science
and understand it in several ways, The solution | concepts.
lies in the intersection of content and pedagogy
and content, in the ability of a teacher to
transform the content he or she has into forms
that are pedagogically powerful and relevant 1o
a certain grade,

Alex | From this | realized and learnt that the Teaching science means to transform the
cognitive development of learners in each and | knowledge of science into a level which can be
every subject depends on the way eachers well understood by the learners so that they
deliver the content to the learners and also can be able to apply it in their occupations.
their attitude towards that content. As teachers
we must make sure that we thoroughly
understand the concepts we are about to teach,
and we are able to use various method in order
to help learners understand the content of the
lesson.

Table 5.1 reflects a common sentiment, expresseaifferent ways but nonetheless explicit

about an understanding that teaching science esgaitransformation of content knowledge.
The quotes shown above present a sense that ahthef the methodology course, the pre-
service teachers had explicit recognition of thdaratanding that science teaching requires
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transformation of content knowledge. This emergregd was found to be true among 87% of

the pre-service teachers, when considering bothtigi-research reports and examination.

5.3. Views about the value of using the TSPCK fraomk in teaching science

Pre-service teachers responded to the open-ena@sti@uin their mini-research reports about
their views with respect to the use of the TSPGHxiework in their lesson planning as well as
in actual classroom teaching. Their responses amab/sed thematically for emerging themes,
tabulated in Table 5.2 below.

Table 5.2: Table of the common, emerging views held by theeqarvice teachers, regarding

the value of using the TSPCK framework in teactsocignce, N = 23.

Themes of views expressed Frequencies Total

1. Teacher education programmesv v v VvV VvVVvvVVvvV Vv vV i19

incorporating TSPCK will assist pre-service
teachers to become more effective teachers.

2. There were more TSPCK components aid’ v v Vv v VvV vVvvVvvvvv |18
episodes noted in the teaching of topics than
in the planning of the same topics.
3. The use of TSPCK components promote” v v Vv v VvV vV Vv VvV 16
better knowledge transformation.

4. Using TSPCK components to plan andv v v v vvvvvvv vV 14
teach topics creates in teachers a better
awareness, enabling better understanding in
the learners.

Table 5.2 listed the common views expressed bysepreice teachers expressed in their

answers to the open question in the mini-reseapbrt. The first column indicates the most

frequently mentioned themes that emerged from tesponses. These themes we derived from
analysis of the response to the single questigheotvhole sample by two raters who came to
these themes by discussion until consensus waka@ads noted by the number of the ticks

per theme in each row, it can be seen that thesevisw shared by the majority pre-service

teachers acknowledging usefulness of the TSPCK dwarrk in planning and in actual

classroom delivery of lessons.
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In Table 5.3 below, examples of extracts of respsriBom pre-service teachers’ views from
their mini-research reports and examination areveho further elaborate on the views about

science teaching according to the themes whichgedetturing data analysis.

Table 5.3: Examples of extracts from pre-service teachersiwsi from their mini-research
reports and examinations.

Teacher Examples of views expressed regarding theme 1:

Teacher education programmes incorporating TSPCK assist pre-service
teachers to become more effective teachers

Jonah It is an important reasoning that all teachers vtghave before (and during)

the transformation of any topic. Hence, TSPCK stidad taught thoroughly,
to all pre-service science teachers.
Nonhlanhla] Science teachers should be able to track their development of PCK and

identify elements of PCK in their own teaching. §wiill enable furthe
research to see where there are loopholes andoophdles so that science
education programs can change their curriculum ma#te other changes
where needed. The framework will guide future prapan of science

education programs.

Sipho Teacher development programmes can be enhanceddouraging pret
service teachers to develop reasoning for the dotem of TSPCK
components in teaching episodes, and encouragiegseuvice teachers,
through TE to develop their own TSPCK episodes.
Buhle Teacher education programmes where Contehingethodology are taught
together assist pre-service teachers in becoming eftective teachers.
Using the TSPCK framework will assist beginner tess to teach known
topics and others they had not dealt with before.

Teacher Examples of views expressed regarding theme 2:

There were more TSPCK episodes found in actual classroom teaching as
compared to the planning of the lesson

Buhle The most important aspect is that the episodédsemplanned lesson occurred
to be very little as compared to those in the digtulelivered lesson

Jane TSPCK episodes do not manifest in the samenyalanning as in teachigg
episodes. There were more TSPCK components anddegisin actu
teaching than were initially visible during the mhang of the lesson.

Zandi | saw more TSPCK episodes during teaching thad iréten in the planning.

Teacher Examples of views expressed regarding theme 3:

TSPCK framework use promotes better knowledge transformation.

Sipho As time passed, | came to a new and deepmirstanding of TSPCK. B
reflecting on my lesson taught on TE, it allowed tmédentify the problem

U
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in my teaching. With my new and deeper understandfirSPCK | am abl¢
to develop lessons that promote conceptual tramsftoon of the content.

Jane The use of TSPCK components make my suggtssdn plan a goo
example of a lesson with transformed content kndgde The lesson is not
teacher centred, it involves learners and thearpganowledge.

\1*4

o

~+

Zandi TSPCK components are not mainly the content thatteeeh and expec¢
learners to understand after the lesson delivEngy are component that could
be used to assist, to enhance learner understarti;mgusage of th

(1%}

components require us to know which ways that ctwelg learners acquire

knowledge and have less misconceptions which mag during the lesson.

Teacher Examples of views expressed regarding theme 4:

Using the TSPCK framework creates better teacher awareness and learner
understanding.

Jack This was indeed a learning opportunity to becomeenaware of my own
teaching and to reflect on my own professional dghow order to improve my
further development.

Jane The use of TSPCK components during plannidgeacthing promote better
transformation of content knowledge.

Buhle The more component integration occurred in a legberhigher the quality of
the lesson delivered.
Using TSPCK as a framework, it makes lesson planaimd teaching more
effective.

Zandi Consideration of the TSPCK components dumtenning and teachin
enables teachers to enhance learner understanding. F

While Table 5.3 displayed views that could be ated to the emerging common themes, pre-
service teachers also expressed views which wegaeiand relevant. For example, Sipho in
addition to his views shown above, he also notatl@TS was the least used component in his
planning and teaching of his topics. This obseoratof the component of CTS and that of DIF

being less used, was also clearly noted by mydedinvanalysing their reports.

Overall, there was generally a positive attitudeileixed by the pre-service teachers concerning
the implementation of TSPCK components in plan@aind teaching as none of the participants
noted negative aspects regarding the experiendesiimTeaching Experiences. All pre-service

teachers indicated that they had an awarenes® afsth of the components in their planning
and teaching once they analysed their work forrédsearch project. Also, that there was a
transformation in the content they taught whiclyttedt would promote learner understanding.

The pre-service teachers noted in their views tisather education programmes using the

TSPCK framework, would help develop teachers withetter understanding to transform
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content knowledge. As mentioned by Sipho, Buhle damk, they felt that their exposure to
TSPCK as a pre-service teacher, would assist thdmagoming more effective teachers in the

future.

5.4. Pre-service teachers’ awareness of their lefveévelopment as teachers

5.4.1. Empirical evidence of the level of developingf the pre-service teachers

The Methodology course exam contained a secti@tro€tured questions with 7 items, each
probing the pre-service teacher for their belidisua teaching science and analysed according
to the rubric adapted from Luft & Roehrig (2007isalissed in the Methodology Chapter.

Pre-service teachers were asked to answer thevialjoquestions concerning their personal

beliefs about teaching science:

1. How can you increase chances for student learmityguir science classroom?

2. Describe how you perceive your role as a sciersehts?

3. During your school teaching experience, how did ymow when your students
understood what you taught them?

In a school setting, how do you decide what tohesd what not to teach?

How do you decide when to move on to a new topigour classroom?

How do your students learn science best?

N o g A

How do you know when learning is occurring in ysarence classroom?
The answers to the questions were rated accordiBgliefs Rubric of teacher science belief
coding adapted from Luft & Roehrig (2007). An extraf the rubric can be seen in Figure 5.1

below, with the complete rubric found in the appgrd
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1. How can you increase chances for student learning in your science classroom?

Teacher focused Student focused
Traditional Instructive Transitional | Responsive Reform-based
Teacher provides Teacher monitors student Teacher creates a classroom environment that involves Teacher designs the Teacher depends upon student
information in a structured actions during teaching the student classroom environment to responses to design an
environment. enable students to interact environment open to
with each other and their individualised learning
knowledge.

«  “By carefully * "By looking at Cognitive Affective | o "By using small e "Knowing that not all
planning my students’ + "By using * "By building a Eroup activities in students learn in the
lessons” responses” different types positive, which students same way, | need to

& "By using s "lwatch my of activities” supportive hypothesise, organise the lesson in
PowerPoint students closely = "By encouraging environment” predict, create, difterent ways”
presentations” as they complete them to do their # "By havinga share and # "By allowing students

*  “Byarranging the lab activities” own thinking” relationship with guestion” to choose their own
classroom so that students outside ¢ "By glving students vehicles 1o learn by"
the students face of class® the opportunities
me” to defend thair

*  “luse atextbook, ideas In front of
a study guide and their peers”
we have it on the
web”

Figure 5.1 Extract from the Beliefs Rubric showing teacherstudent-focussed
types of categories of teacher beliefs

For the seven questions, pre-service teachersbonsgg could be classified according to the

type of teaching views they held, ranging from itiadal beliefs, which fall in the teacher-

centred category, to reformed beliefs denoting anlker-centred reform-based teaching

approach. Transitional teacher beliefs are regaedenhiddle positioned beliefs, higher than

traditional on the scale towards reformed kindbeadfefs.

The responses of pre-service teachers were scgradobraters according to the rubric, then

presented for each pre-se-service teacher assthieirce teacher beliefs profile shown in Table

5.4.

Table 5.4: The science teacher beliefs profiles of pre-serteachers, N = 23.

Pre-service
teacher

Traditional

Instructive

Transitional
Responsivi

Reform-based

Willy

XXXX

XX

Sipho (did not
answer all
guestions)

Pulane

XXX

XXXX

Joe

XXX X

XX




61

- ] 2
- I 1
Pre-service 2 S = §_ £
teacher "g = g @ %
= = [ 04 04
Alex X XXXXX X
Helen X XX X XX X
Jane X XXX XX X
Philani XXXX XXX
Mpho XX XXXXX
Nonhlanhla XXXXXX X
Debra XX XXX XX
Buhle XX XXXXX
Elias XX XXX XX
Jesse XX XXX XX
Masego XX X XXXX
Vuyo X XXXXX X
Jack X XXX X XX
Thapelo X XXX XX X
Patience XXXXX X
Jonah X XXXXX X
Zandi XX X XXXX
Tony X X XXX X X
Petrus XX XX XX X
Totals 24 31 72 20 9

Table 5.4 indicates frequency of responses that Wwoemd to fall under a particular category.
These are represented as crosses (x). The leviglaatfing approaches range from what could
be considered more basic, traditional, teacheredrapproaches to advanced, reform-based

approaches.

The frequency totals in the last row of the tabldicate the general pattern per categories in
which the pre-service teachers tend to hold vidwmiateaching. In the Transitional category
column, there is a frequency of 72 responses fa@tblwy the instructive category with 32
responses. Both these categories fall in the middli¢he scale, moving away from the
traditional teacher beliefs towards the directibmedormed teacher beliefs. Column 2 shows

that there are 24 responses made by the pre-seeachers which fall into the category of
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traditional views of teaching. 31 Responses fedtaseinstructive, 72 responses were noted in
the transitional category of teaching approachespBnsive teaching approaches registered
20 responses and the reform-based approach toingaeskre listed 9 times in pre-service
teacher responses.

It can clearly be seen that the majority of thgpoeses fall into the category of the transitional
teaching approach. The transitional category aéfsetlenotes a shift in beliefs towards a more
student-focussed method of teaching. Value is giwerstudent/teacher relationships and
student understanding, with the teacher makingsd®t in the class based on student
feedback. There is still a dependence on procedur@guidelines, indicating that, although
there is a move away from the traditional categuryeliefs, the views have not yet fully

evolved to reforms-based beliefs.

5.4.2 Pre-service teacher awareness of their dueesls of teaching approaches

One of the emerging views from pre-service teaciars-research reports was that they were
aware of the category of their beliefs and teaclaipgroaches. In their discussions they were
able to note that there were areas they noticee Wess developed than the abilities of more
experienced teachers, and signalled unhappine3sbie 5.5 below, the quotes from the pre-
service teachers indicating their views about tlesiel of development as pre-service science
teachers.

Table 5.5:Overview of themes expressed by pre-service tea@seareas of concern

Themes of views expressed Frequencies Total

1. There is an awareness by pre-service teacherg 6§ v v v v vvvvvVvvvv | 16
a lack in development of their current abilities| to
use TSPCK components more fully and in depth in
comparison to experienced teachers
2. CTS and DIF were the least used components’inv' v v'vvvvv 10
pre-service teachers’ planning and teaching.

Pre-service teachers were showing evidence of baware of the level of their teacher

development and the areas in which they were lgcKiiney noted in their reflections how
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their teaching could be more effective in the fatwith experience in using the TSPCK

framework during the planning of lessons and aatlassroom teaching.
Pulane noted that, “the more teaching, the more | will learn to use¢beponent$

Joe mentioned that, in terms of teaching usingiBBCK framework, “.in planning | was
not considering that | was using TSPCK. In fututeale to be aware that in planning using
TSPCK will improve my teaching methods in the fitur

Alex stated that,My lack of using TSPCK seems to have limited thigyabf learners to relate
bonding properties of atoms and the chemical proper A more extensive application of

TSPCK, | believe, would make it easier for studémtelate these concepts

Vuyo was aware of the need for more developmerdgdas lesson reflection to improve the
quality of teaching, Ih addition, while the quality of TSPCK episodesrsed to increase
judging by the number of components found per dpisthe quality still needs much
improvement and the TSPCK needs to come througk mlicitly. This can be done by
reflecting using the TSPCK model as a frameworkotus reflections. Using the TSPCK
model, my reflections at this point of the studyiting a mini research report] are more

insightful than reflections during the data coliect”

Pre-service teachers showed an awareness of tieenpat frequency of the components they
were using to plan and teach their lessons, mantgidhe need for continuous development to
improve the quality of their lesson planning antlatclassroom teaching. Jesse noted that,
“Both lessons depicted that CTS, R and CS werehtlee ttcomponents that were most
frequently used and often integrated with one amGttComments from Willy noted his most
frequently used topics,As soon as | was given concern, | started recordimg lessons,
reflected on them and looked at three componeSBILCK as discussed above (Learner Prior
Knowledge, Representations and Curricular SaligricHelen mentioned the specific
component she found lacking in her TSPCK mapspking at the TSPCK episodes what |
have realised in most of them is that the compothaitis not easy to identify in the lesson as
part of a TSPCK episode is ‘what is difficult tadenstand:

Pre-service teachers were able to notice shorifaliseir use of TSPCK components in their
planning and teaching, mentioning the need forinapus development to improve the quality

of their lesson planning and actual classroom tegch
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5.5 Conclusion

The views expressed by pre-service science teacbgasding TSPCK and science teaching
revealed several commonalities. Firstly, pre-senteachers acknowledge the need for the
transformation of content knowledge in order teefively teach. They also found the TSPCK
framework as taught in the methodology class udeftheir development as teachers. They
noted that, as a result of completing their mirojpct, they were able to note aspects in their
teaching and planning approaches that still ne¢oléd developed. Pre-service teachers still
following traditional beliefs recognised this tendg towards teacher-centre approaches,
mentioning, as Vuyo did, that these were aspeeatsitbeded development upon reflection.

The pre-service science teachers also sharechéinahtid gained insights into the complexity
of actual classroom teaching when comparing theCIKSRaps of their lesson planning to the
TSPCK maps of their classroom teaching. They faimad they taught using more expanded
versions of the planned TSPCK maps. The obsenatitade by pre-service science teachers
regarding their development in terms of the lessimonly used TSPCK components in
planning and classroom teaching were reflectedhénprevious chapter when | analysed the
same data, adding credibility to the findings madealysis of the structured questions
according to the belief rubric indicated that tme-pervice teachers had views about teaching
approaches in the transitional teaching approauterdeaning more toward a learner-centred

teaching approach rather than the more basiciwadlt learner-centred approach.
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Chapter 6: Discussions and Implications

This chapter discusses the findings made in thidysby first providing an overview of the
problem statement that initiated this study andéation to the theoretical framework that
guided the analysis of the data. The research guesare answered and discussed in relation
to the findings to show the contributions of thedgtto existing literature. The chapter is
concluded with critical reflections of the reseangtocess with regards to the methodology,
reliability, trustworthiness and limitations of thetudy. | conclude the chapter by adding

recommendations for further studies in this field.

6.1. Introduction and Overview of the Study

The preparation of pre-service teachers to closehteory-practice gap is an issue of concern
in Initial Teacher Education (ITE) programmes (Mataand Miji, 2006). In the previous
Chapters, | have outlined how the science educatommunity values and regards
Pedagogical Content Knowledge (PCK) as the knovdesigabling the learning of how to teach
science topics. In the literature review | discdskew the construct of PCK has been re-
conceptualized for operation in ITE as Topic SpecPedagogical Content Knowledge
(TSPCK). I have further indicated how TSPCK is iguaed by the science community as
shown by its inclusion in the consensus model oKHGess- Newsome, 2015), and more
explicitly in the refined consensus model of PCKeegng from the recent PCK Summit Il
(unpublished yet, Leiden, December 2016). | hage ahared on a few studies that have
successfully used the theoretical construct of TKRCimproving the quality of pre-service
teachers’ TSPCK in core specific topics in physiosl chemistry. Against this backdrop, |
have also pointed out that little is known about/lppe-service teachers use the construct from
their well-reasoned lesson plans into classroonvelsgl during their practicum, and whether
they recognize the extent and limitations of tleffiort. This informed the purpose of the study,
which was to illuminate the nature and the pattexhpedagogical transformation as seen
through TSPCK component interactions used by praeseteachers from their well-reasoned

lessons plans to actual classroom delivery.

In the discussion below | answer the research gureguiding this study, reflecting on the

findings answering each of the sub-questions. Tiseresearch sub-question focused on the
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patterns of the evidence reported by the pre-seneachers of pedagogical transformation of
content knowledge. They compared the transformatamturring in their own lesson plans
and how these were enacted out in classroom dglivEhe second research question
investigated the views they held with regard tongsihe TSPCK framework that seeks
pedagogical transformation of content knowledgehigir teaching. 1 will now unpack the

findings made during analysis in relation to theearch questions.

6.2 Answering the Research Question

What changes, if any, do TSPCK observed in lestanmpmg undergo when the well reasoned

lesson plans are enacted out in the complexityasiscoom practice?
The main research question is investigated thralugde sub-research questions:

i.  What patterns of TSPCK component interactions bheekwed emerging from pre-
service science teachers’ planning and actual rdass teaching of a physical
science topic?

ii.  How do such patterns differ from those reportegbimtservice teachers from their
self-analysis of their planning and its enactennetat classroom practice?

ili.  What views do pre-service teachers hold about teevof TSPCK in their
teaching, particularly with respect to changefertTSPCK (if any) from planning

to practice?

The research question, divided into sub-questiomsder to describe the three aspects of pre-
service teachers’ pedagogical development involvaapgnition of TSPCK components in
their planning and actual classroom teaching, gotie expansion of TSPCK episodes that

emerged during classroom teaching and the viewsthhee about the teaching of science.

6.2.1. What patterns of TSPCK component interactions aogerved emerging from pre-
service science teachers’ planning and actualrdassteaching of a physical science topic?

Data analysis in Chapter 4 revealed key findings\ening the first two subquestions, that the
pedagogical transformation of content knowledgesilly demonstrated commonly as a ‘single
TSPCK episode’ of three components in the pre-serngachers’ lesson plans, was expanded

into sophistication when acted out in classrooradas to a ‘cluster TSPCK episode’.
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It is important to recall that pedagogical transfation of content knowledge in this study is
measured by the visible extent of interaction & TTSPCK components. Each interaction of
two or more TSPCK components was defined as a TSR@Kode. The increase in

sophistication of the TSPCK episodes in classrogactite could be confirmed as an

expansion of the original episode in the lesson pito a cluster made up of additional TSPCK
epsodes. Some of the additional episodes had sexleéa the number of TSPCK components
involved in the interaction , as was shown in Chagt Figure 4.5, of Zandi’s first lesson re-

illustrated below.

Planning Classroom teaching

This C5/R episode is a new expansion not
noted in planning, It s the lesson intreduction
where the pre-service teacher brought across
the big idea of types of charge using a
representation of the atomic structure.
Learners wers involved in defining the term
charge ta link it to the big idea.

The shoded components in plonning and teaching indicate the
components which were imported from planning to actual classroom
teaching,

The Big Idea is the
concept of the existence

of two kinds of charges,
CSin planning- bringing across the big idea of two kinds of charges ‘ o
-

remains the same when expressed by the teacher In the taught lesson.
-
The pre-service teacher used additional

representations of different metals and
pieces of chalk to re-emphasise the big idea,

CTS in planning occurred when the pre-service teacher planned to A
differentiate between neutral and charge-hearing objects using sticky = €5
tape as a representation allowing learners to develop the skill in
Broups,

In the actual teaching of the lesson, the pre-service teacher noted that Ref bl e
Differentiating between ¢ 1200 i kathe CTS/R episode was better depicted by a CS/R episode as the sticky = FETEILTAGE ) AL
the lesson based on alternative

a neutral object and

the visual tape representation became a teacher demanstration. i .
ohject with excess ! definitions of the terms used in class
! representation . S
electrons with learners of CTS (eonductor, use of sticky tape)
using sticky tape to : prompted this expanded episode,

make the creating the opportunity for the
differentiation. teacher to use additional
representations of drawings on the

°° board to bring across the big ideas,

Figure 6.1. TSPCK map comparison of Zandi’s first lesson simgwthe expansion of

TSPCK episode in classroom enactment.
In the lesson plan as featured in the left hand sidFigure 4.5, the big idea (CS) brought
across to the learners was about the existenaeookinds of charges. Zandi planned a to use
a conceptual Teaching Strategy (CTS) to of compative two charges and differentiating

between a neutral object, electron-deficient okgect an electron-rich object, which integrated
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with the component of representations (R) as hengld to use sticky tape as part of his visual

representation of attractive electrostatic forces.

The actual classroom teaching TSPCK episodes fghiarthe right hand side of Figure 4.3
expressed the same big idea,with the original @dniSPCK episode in colour to indicate
where the episode exhibited itself in the actudivdey of the lesson.The sequencing of the
lesson was expanded first reflecting awarenesh@fpre-service teacher of the need for
discussing pre-concepts (structure of an atom)rbeficscussing charges. The expansion is
noticed again much further into the lesson wittadditional TSPCK Episode LP/R/CS which
occurred due to the interactions the teacher htdtive learners. The pre-service teacher seem
to have noted that the learner prior knowledge) (k&s focussing on the everyday definitions
of the terminology used. He then added more reptasens displaying different types of

charges before summarising with equations repregggtite concepts.

I.  The complexity of the classroom situation and tfiece of the learner interactions on
the planned lesson changed the nature of the plah88CK Episodes into a ‘cluster
TSPCK episode’ as the teacher embraced the nga@-oéquisite knowledge and the
emerging organic learner interactions. There wasxgansion of the TSPCK episode,
while still maintaining the essence of the planfesgon.

6.2.2 How do such patterns differ from those regubtiy pre-service teachers from their self-
analysis of their planning and its enactement atssroom practice?

In summary, the examples shown above indicate #tere of presented analysis of
lesson plans and teaching classroom which | haga lreagreement with. The level of
agreement between myself and the pre-service tesaolere the same for their lesson
plans as actual classroom teaching transcriptsaé#ioned, establishing this agreement

was important in determining the authenticity & ffatterns.

6.2.3 What views do pre-service teachers hold absing TSCPK in their own teaching?
In chapter 5 the views expressed by pre-serviggh&za in their mini-research projects were
generally displaying a positive regard for the T8Hfamework.

Pre-service teachers felt that they had gainedipehdeaching skills and confidence during
their teaching experiences and reflective practicesg the compilation of their mini-research
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reports. They therefore began to gain a deeperrstaseling of how to plan and teach more
effectively, influencing their commitment to thewn development as teachers (Goldman and
Grimbeek, 2014).

| now discuss the meaning and the implicationsvaerirom the findings from the perspective

of the purpose of the study and the new knowledggested.

6.3 Meaning of Findings and the New Knowledge Sstgre

6.3.1 Revealing the expansion of pedagogical toansdtion of CK from well-reasoned lesson
plans into classroom delivery.

(1) The patterns
The findings to the first question point to the axpion of pedagogical transformation of CK
seen in pedagogically well-reasoned lesson plaaisgihg to a format that is more complicated
when lessons are delivered in the classroom. Omeeggard the lesson plans as ‘well-reasoned’
because the lesson plans exhibited episodes of KS@8€e Figure 4.1 in Chapter 4).
Furthermore the pre-service teachers were invoimedn explicit intervention, thus the
knowledge about TSPCK could be assumed reasonaddli fn their minds. This finding is
expected to some degree as literature points tdattethat classroom practices are more
complex environment as compared to lesson plarthatghappens in a controlled environment
(Madden, 2014). The complexicity is part of theugtle that pre-service teachers and
beginning teachers face in applying their theorprectice. What is however new, revealed by
this finding, is the uncovering and the illuminatiof the forms to which ‘planned TSPCK
episodes’ metamorphose into when they are ‘enactadlassroom context’. The observation
that a well pedagogically reasoned explanation apep (plan) expands into a cluster of
combinations of smaller explanations that also leweence of pedagogical transformation is
exciting (Figure, 4.4 from Chapter 4). The smalexplanations surround the original
explanation which in itself has been transfiguietave more depth in component interaction.
Looking closely at the explanatory notes associatghd TSPCK episodes provided by pre-
service teachers in their mini-research report€nierges that the possible source of the
increase in the number of TSPCK episodes, poimdeased teacher-learner interactions or

evident moves by the teacher in acknowledging kraknowledge in a particular instant.

The sophistication of the expanded TSPCK episodas moted in more frequently-used

components repeating in an episode. For exampl8RCK episode in the planning context
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would have two components say LP and CS, in thesad@m context the episode shows the

components to be repeating see example of TSP@eisecond lesson of Sipho in an extract

from Table 4.4.

Table 6.1 Number of episodes present in planning and tegcleixtract.

|

Participant | Lesson | Number  of] Number of| Components Components
number | episodes episodes preser featured in the featured in the
present in the in the actual episodes fol episodes for actua
lesson plan | teaching planning teaching
segment
EPISODE 1 EPISODE 1
CS-CTSIR CS/R-CS
. EPISODE 2
Zandi 1 1 4 CSR
EPISODE 3
LP/R/CS
EPISODE 4
RI/ICS

Comparison of the TSPCK maps of the planned lessosus the exhibited classroom lesson

showed the repitition of the R, and CS componesitha episode expanded from the planned

episode to the four episodes in actual classroachtag. This repetition indicates that the pre-

service teacher was using the same component-dgrtanfiring the concept through to the

learners to ensure understanding.

Also observed, however at a lesser frequency wasesc where episodes that displayed

interactions of two or three TSPCK components aldsson plan now displayed interaction

of more components. This seemed to have been beampped by the recognition of the

response from learners on previous questionshieaetcher now becomes at pains to explain

a new concept in relation to what has just occuoregvealed about what learners know.

An example of such a case is seen in the TSPCKolessof Jane in Table 4.3 in Chapter 4

where the episode 1 was a three component episadplayed out in the classroom as a four

component episode, where the fourth componentep@ating component
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Table 6.2 An example of the classroom teaching episodeatengesophistication in increased
component use by Jane, extracted

Body | Body

Sequencing Lesson still based in
lesson from previous lesson and

Participant chose to / ‘ ‘ Ordering the
do examples of (G fw | C [R ) steps to be

easy to progression made
' calculations followed

comolex from easy to complex — - T
together with
- ) £ learners in the class

ST e < [ | SRR | [ cs ( R OY e ) Doing
. \ / examples on
the board

Episode 1

The first aspect observed is that episodes withtgremumber of components interacting were
regarded as more sophisticated than those wittc@aponents. The value of the finding that
the conversion of a ‘single TSPCK episode’ intocluster TSPCK episode’ provides the
empirical evidence that exposes the teachers miavessponse to the complexity in actual
classroom settings. Providing us with languagexpagn the difference of complexicity from
planning a well reasoned lesson into classroonvelslifrom the perspective of TSPCK
component interactions. As noted by Shulman (18&&3hers turn and twist their knowledge
as they respond to the demands posed by the dwarsl learner interactions that happen in a
classroom setting. We now have a possible desmnijfi what that process looks like from the

perspective of component interactions.

The second aspect of the observations about thendep pedagogical transformation of CK,
is that the original planned intentions as notedHey TSPCK episode in the lesson plan are
vividly distinguishable in the expanded form. Theeaning implies that the intended
explanation is delivered in the lesson and nothigshe moves of the teacher as they establish
the needed pre-knowledge, nor by the demands poeetlim/her from the classroom
interactions. This is generally a characteristisaslsed in teachers with many years of teaching
experience who seem to be more fluent in theirhiegcdelivery, but remaining on course.
This character | have personally observed in sépdrestances from this study, in my
evaluation of teachers lessons at schools as a éfdadpartment in sciences, and | think it
confirms Shulman’s concession (1987) that pedagbgiasoning of lessons before the actual

delivery is as important as the delivery itselfjtasforms the reasons for classroom actions.
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The observation of this characteristic in pre-sgvteachers, way before they graduate, reflects

and confirms the value of TSPCK as professionaitedge.

The last aspect observed was that in the TSPCKapssseen in the classroom lessons certain
components of TSPCK were more commonly and repatesgd than others. The TSPCK
components of (i) curricular saliency, (ii) learpeior knowledge and (iii)representations. The
evidence is based on the presented ratio coumtmponents from Table 4.5 in Chapter 4. This
finding confirms the findings made by Aydin et aD(3), Pitjeng (2013), Akinyemi (2015)
and Mavhunga (2015) where the same componentsrégainore predominantly in TSPCK
maps analysed for their study of pre-service teacheydin and Boz (2013), described these
components as components that reveal the speaificenof PCK. This indicates that there is
a general trend by pre-service teachers to rethese components during planning and actual
classroom teaching. The less frequently used coemen namely What is difficult to
understand as well as conceptual teaching stratelggere generally been associated with the
teaching practices of more experienced teachemsaking perhaps that some of the TSPCK
components only fully develop with practice and exxgnce as noted by Nilsson (2008),and
Botha and Reddy (2011).

The literature also points that although theseetlmemponents are commonly used in the
pedagogical transformation of content by pre-sertgachers, they are however, experienced
with different levels of difficulty in different faics. For example, Rollnick & Mavhunga,
(2013) found in developing TSPCK in Chemical Eduilim, Learner Prior Knowledge was
found to be least difficult and conceptual teaclstrgtegies to be most difficult. The study by
Akinyemi, 2015 in a physics topics Kinematics fouhd order to be: What is difficult to teach
and representations as least idifficult followed lbgarner prior knowledge, Conceptual
teaching strategies and curricular saliency. THiesovation indicates the possibility of

difference due to the topic specificity in whicleyhare used.
(i) The authenticity of the patterns

A very important point to be noted about the méjodings discussed above, is that the they
were observed and reported by the pre-service ¢es@s patterns emerging from their own
planning and teaching in their own. The reportingsvin the form of a mini-research report
that they needed to write as part of an assignmehe course. They were requested to submit
both their analysis reports, the raw audio recasliaf their lessons and the accompanying

lesson plans. In the submitted mini-research repahey were asked to identify teaching
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segments from their lesson recordings and lessorsphat displays TSPCK interaction of one
or more TSPCK components. As a researcher, | hegsado both their mini-research reports
where they reported on their analysis and alsoaWwadata (lesson recordings and lesson plans)
from which their analysis was based. | observetlttiar analysis, of their own data, revealed
that pre-service teachers were able to authentichtify TSPCK episodes evident in their
lesson planning and in their actual classroom tegciAuthentication was established as the
agreement between the pre-service teachers’ asalfJ&SPCK observed in their lesson plans
and classroom practice with my analysis of the sew#@ence, as seen in Chapter 4, Table 4.1

re-illustrated here.

Table 6.3.Overview of the agreement of analyses for TSPCKogjes in planning and
classroom teaching

Pre- Lesson planning Classroom teaching Verdict
service
teacher
Column 1 2 3 4 5
Episodes Episodes Episodes Episodes
identified by identified identified identified
pre-service by by pre- by
teachers researcher service researcher
teachers
Sipho 6 6 8 8 Good
agreement
Pulane 2 2 2 2 Good
agreement
Jane 8 8 11 11 Good
agreement
Joe 2 2 2 2 Good
agreement
Alex 3 3 3 3 Good
agreement
Buhle 6 6 12 12 Good
Agreement
Willy 1 1 2 2 Good
agreement
Philani 2 2 4 4 Good
agreement
Mpho 7 7 6 6 Good
agreement
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Pre- Lesson planning Classroom teaching Verdict
service
teacher
Column 1 2 3 4 5
Episodes Episodes Episodes Episodes
identified by identified identified identified
pre-service by by pre- by
teachers researcher service researcher
teachers
Zandi 3 3 4 4 Good
agreement
Debra 2 2 4 4 Good
agreement
Helen 3 3 3 2 Good
agreement
Elias 3 1 3 3 Moderate
agreement
Jesse 3 3 9 6 Moderate
agreement
Masego 4 3 3 2 Moderate
agreement
Vuyo 1 1 5 4 Moderate
agreement
Jack 5 3 6 3 Moderate
agreement
Thapelo 3 1 3 1 Moderate
agreement
Patience 1 0 4 4 Moderate
agreement
Jonah 11 3 16 4 Poor
agreement
Nonhlanhla 0 0 3 1 Poor
agreement
Tony 7 7 9 - Poor
agreement,
no

transcripts to
make
confirmation
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Pre- Lesson planning Classroom teaching Verdict
service
teacher
Column 1 2 3 4 5
Episodes Episodes Episodes Episodes
identified by identified identified identified
pre-service by by pre- by
teachers researcher service researcher
teachers
Petrus - - 3 3 Poor
agreement,
no
transcripts to
make
confirmation

| used the same analysis technique as they weteidtesd to do as | identified teaching

segments, identified a TSPCK episode and analyseghanents and interactions. There was
good agreement reached between my analysis andfttia pre-service teachers, as well as
their analysis of the sequence in which componappeared. Table 4.1 showed the level of
agreement reached with 52,3% of the analysed Hataisg good agreement, 30,3% showing
moderate agreement and only 17,4% showing pooeagget. Agreement in analysis validated

the primary data and allowed for more reliable seemy data.

Pre-service teachers effectively used the conddpC& episodes adapted from Park and Chen
(2012) as their working definition and the framekvof TSPCK from Mavhunga (2012) from
which to draw their TSPCK maps. Based on theiryaigl three key findings as discussed
above emerged. The first is that they noticed #tpapsion of TSPCK episodes (pedagogical
transformation) in a lesson plan — a planning odnteo a cluster of TSPCK episodes that are
more sophisticated than those in the planning sontes discussed above. Secondly, that
TSPCK episodes generated from specifically plannetentions could be vividly
distinguishable in the classroom delivery as chssté episodes, as also discussed above and
lastly, they noticed curricular saliency, learneopknowledge and representations as TSPCK
components that were more occuring in their idesttif SPCK components as seen in Table
4.5 in Chapter 4.
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Table 6.4 Frequency count of the components evident iIT8RCK episodes in planning and
teaching.

Frequency count of components for planning versusaching
Participants | Components present in planni| | Components present in teaching
LP |CS | DIF| R CTS LP | CS| DIF R CTS
Sipho 5 5 3 6 1 6 6 4 6 0
Jane 4 8 3 2 2 6 6 4 1 5
Buhle 5 6 2 6 3 12 13 | 9 12 | 2
Zandi 0 3 0 1 1 0 0 0 0 0
TOTAL 14 |22 | 8 15 | 7 24 25| 17| 19| 7
% 21 |33 |12 |23 |11 26 |27 |18 |21 |7.6
Ratio 1.91|3.00|1.09|2.09| 1.00 3.42.13.55|2.37| 2.67| 1.00

Finally, my analysis of the TSPCK episodes in @rAse teachers’ lesson planning and actual
classroom teaching brought to light that the congpdsCTS and DIF were the least frequently
used components in both their planning and classrteaching. | have also described this
finding as a significant emerging pattern upon gsialof their TSPCK maps in chapter 4. Pre-
service teachers with exposure to the use of TSERGHKponents in their planning and
classroom teaching show the ability to reflectlmmdtrengths and weaknesses of their lessons,
mentioning that, had they integrated these comgsnan their planning and classroom
teaching, they would have been better able to iiyeand address learner misconceptions of
the topics they had taught. Therefore, teachers wihew awareness of the areas needing
development in their teaching approaches would beerfikely to correct the shortcomings
during future lesson plans and classroom teachiogt®ns, making them more effective
teachers than before. This awareness empowersepies teachers to prepare and present
more strategically effective lessons, (Loughrad&0n terms of the conceptual development
stimulated among the learners they teach (Shulib@®?), giving them an advantage when
they enter the teaching practice in the future.

The observation that pre-service science teachers able to authentically identify TSPCK
episodes in the planning of their lessons as ve&elhaheir teaching segments, indicates that
they are aware of the professional knowledge theeedeveloping. Particularly useful for
teacher development is how aTSPCK episode changesmplexity and shape as it enables
them to plan and enact in classroom contexts. Altegrto Nilsson (2011) it is important that
pre-service teachers gain awareness and apprecatibe professional knowledge they are
learning. Insights into the different TSPCK episodevident in planning and teaching
illuminate to pre-service teachers the naivitéeirtplanning for more basic episodes, and how

to adapt them to become more realistic when comg@atiem to actual classroom teaching
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situations. This striving toward more complex pagrfiorms an important part of their TSPCK

development.

6.3.2 Revealing the views and the underlying s@dracher beliefs

In chapter 5 the views expressed by pre-serviceht¥a in their mini-research projects
regarding teaching, TSPCK and science educatigemeral were discussed. Emerging views
were grouped according to the common themes defioma the analysis. Two sets of data
were analysed to illuminate the themes, one bepenwiews about teaching and the other
beliefs they have about science teaching in an edimon setting. The content of their
responses was different from the above reportetuattan of whether pre-service teachers
were aware and authentic about the use of their professional knowledge. These views
sought aspects of their emotions largely in theai¥e domain, therefore not knowledge per
se, rather epistemological standpoints made. Ginetfzere was a positive view expressed
toward science education and the benefits of utlieg TSPCK framework learnt in the
methodology course towards being effective scietemchers. Findings on pre-service
teachers’ views point toward the type of teachipgraaches they would be likely to follow,
as they filter teaching approaches according to #hews (Gess-Newsome, 2015). Pre-service
teachers felt that they had gained practical temchompetence and confidence during their
teaching experiences and reflective practices ag tdompiled their mini-research reports.
They therefore began to gain a deeper understaoflimyv to plan and teach more effectively,
influencing their commitment to their own developras teachers (Goldman and Grimbeek,
2014).

Pre-service teachers showed evidence of being a#ne level of their teacher development
and areas they were lacking which they need toongm order to be more effective teachers.
Table 5.4 indicated that this awareness was vigibkbe responses of 70% of the participating

pre-service teachers.

They noted that during the reflections of theircteag experience in order to complete their
mini-projects, they realised that their lesson plahowed only a superficial understanding of
the interaction of TSPCK components. The lessomsplaere described as traditionally
teacher-centred in their approach. Also, the usSESB#HCK components in planning and actual
teaching of science topics were seen by pre-setgaghers to improve teacher awareness of

the need to transform content for teaching, prongoi better understanding of the topic by the



78

learners. Nilsson, (2008) mentioned the importaoic@re-service teachers developing an
awareness of their development as she felt thethuld aid in developing the elements they

required to transform them to PCK.

Pre-service teachers focused on describing whgtdbiesidered to be good science teaching
and as a result there were five main findings toriaele from the analysis of their views on
science teaching within the TSPCK framework.

Firstly, pre-service teachers showed evidence obgeising that the teaching of science
requires transformation of content knowledge. Slamm(1986,1987) noted the need for
transformation of content knowledge in order fdeefive teaching and learning to occur, and
was clearly echoed by the pre-service teachers.n@oits made by pre-service teachers found
in Table 5.3 showed that 20 of the 23 participapngrservice teachers, amounting to 87% of
the cohort, mentioned this statement. The frameuarght to the pre-service teachers in their
methodology class was clearly able to instil inmththat they would not merely be able to
transfer knowledge from a textbook or similar reseumaterial if their intention was to be

quality teaching and learning.

Secondly, pre-service teachers expressed thatftliey value in the TSPCK framework in
terms of being able to equip them for enteringtdeehing profession. Responses as listed in
Table 5.1 such asAS time passed, | came to a new and deeper unddiatpof TSPCK. By
reflecting on my lesson taught on TE, it allowedtm&lentify the problems in my teaching.
With my new and deeper understanding of TSPCK &lalento develop lessons that promote
conceptual transformation of the contenthis extract from Sipho depicted that pre-segvic
teachers noted that the use of TSPCK componentsqgteobetter knowledge transformation
and that using TSPCK components to plan and teapitst creates in teachers a better
awareness, enabling better understanding in theadea Their statements enabled me to
triangulate previous similar findings and confirntbd observed high authentic identification
of the trail of their TSPCK episodes in planningldaaching as presented in Chapter 4 and
discussed in 6.3.2 above. They noted that goodnseideaching involves developing
conceptual understanding in learners. This coneg¢pinderstanding could be developed
through the transformation of content knowledgeHhwyteacher through the nature of TSPCK

component interactions.

Thirdly, pre-service teachers believe that teadhmning programmes could benefit from

incorporating the TSPCK framework in their approhelsed on the value they gained in their
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methodology class. Responses as noted in Tablehbwed that 83% of pre-service teachers
felt that teacher education programmes incorpagdtie TSPCK framework will assist pre-
service teachers to become more effective teachergexample, an extract from Nonhlanhla,
“Science teachers should be able to track their d@welopment of PCK and identify elements
of PCK in their own teachingThis will enable further research to see where ¢hare
loopholes and non-loopholes so that science edutgtiograms can change their curriculum
and make other changes where needed. The framevilbgkiide future preparation of science

education programs.”

Fourthly, responses from the science teacher liel¢$ analysed using Beliefs Maps by Luft
and Roehrig (2007) as described in chapter 3, stivhneelevel of teaching approach identified
to be most prevalent among the group to be atr#imsitional level. Transitional beliefs were
characterised by Luft and Roehrig (2007) as shghtbre student-focussed than traditional
beliefs. They are seen as transitional beliefs fo@ditional to more learner-centred reformed
type of belief. Previous studies using the beleép by Mavhunga and Rollnick, (2015)noted
that pre-service teachers’ beliefs before intemeentconcentrated around traditional
approaches to teaching. Following a TSPCK-basexhiantion, the beliefs tended toward a
more student-centred approach. The authors reptimdthe quality of TSPCK was even
developed in pre-service teachers who held teacdrred beliefs (Mavhunga & Rollnick,
2015). Therefore, teacher educators need to beeathvat pre-service teachers with learner-
centred beliefs could later still be persuadedoeturn to teacher-centred beliefs. Contextual
factors such as the teaching staff they are sudedirby when they begin to teach may
influence this belief system taught during ITE.idttherefore important to lay a strong
foundation of beliefs in pre-service teachers englthem to develop their views further as
they teach, to prevent them from slipping into mtyesitional beliefs. The findings in the
Mavhunga (2012) study indicate that the TSPCK usetion in the methodology class has
delivered teachers who will be entering the teagpnmofession with a stronger sense of learner-
centred approaches. They would have the skillppyal SPCK components in their lesson
planning and actual classroom teaching to effesigher standard of teaching as beginner
teachers than previously noted in novice teacl@eddis (1996) stated that the beliefs held by
teachers greatly influence the path of instructiothe classroom, and that these beliefs were
difficult to transform once well established. THere, if the pre-service teachers were already

showing signs of more transitional views of teaghépproaches, the effect it would have on
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their classroom delivery could be more effectivel @ubject to improvement than if they

entered the teaching arena with traditional tearhjproaches.

6.4 Conclusion and Implications

This reflective chapter sets out to show how treeaech questions were answered by the
findings generated through the analysis of the sm@search projects and examinations of the
pre-service teachers in their methodology courseetly making a contribution to the existing

literature on the development of TSPCK in pre-servteachers.

Pre-service teachers who gain understanding inntip@rtance of gaining sophistication in
learning pedagogical transformation, as shown kg skudy, will consider applying more
TSPCK components in their lesson planning, makiegy pedagogical reasoning that informs
classroom activities stronger. ITE programmes nawehevidence of the development paths
followed by pre-service teachers in terms of th@iareness of development, the effectiveness
of the use of TSPCK components and evolving viegsirding the teaching of science. These
aspect, now brought to the forefront, enables ITdgmammes to fast-track the learning curves
of pre-service teachers as they enter the teagimoigssion with more skills pertaining to

experienced teachers.

It is also important to note that the awarenesseghby pre-service teachers regarding the trail
followed of developing professional teacher knowleth clearly distinguished from the views
and teacher beliefs expressed by the pre-servaghees. Although both are important in
informing ITE programmes, they refer to differespacts of teacher education. The beliefs
developed by a pre-service teacher eventually imfibie teaching components they rely on the
most during teaching (Aydin & Boz, 2013). Knowledgfeghe existence of the theory-practice
gap in ITE enables science teacher educators tesfon the explicit needs of pre-service
teachers that were not previously addressed. Pveesdeachers will be more confident and
capable of effectively dealing with the complexstief classroom situations while fluidly
managing the TSPCK components in order to deliverenunderstandable lessons to their

students.

In conclusion, the findings of this study illumieahe once-tacit aspects of the development
occurring in pre-service teachers during theirnireg programmes. These findings would

therefore serve as a means to develop ITE withathity to create teachers who have the
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ability to teach more effectively as they beginitisareers, with an ability to adapt ad monitor
their growth in teaching. ITE would be able to aspre-service teachers in the development
of skills in using the components featuring as maifécult, to balance the use of all five
components in their teaching practice.

6.5. Reflections on the methodology used

The TSPCK construct used as a theoretical framewothkis study developed by Mavhunga
(2012) was elaborated upon in later studies aintespacific science topics (Rollnick &
Mavhunga, 2013; Ndlovu, 2013) where the construad walidated. This framework became a
valuable guiding tool in this study. The analysisidg the comparison between pre-service
teachers’ lesson plans and actual classroom teachat only showed which TSPCK
components were more frequently used per subjgat,td also indicated the development
level of the pre-service teachers in terms of ti®PTK components they relied on most
frequently in their planning and actual classro@aching. The framework also guided the
analysis into the expansion of the planned episodesactual classroom teaching, providing
this study with invaluable evidence and insight® ithe actual mechanisms of exporting a
well-reasoned lesson plan into an actually delidari@ssroom lesson. | was able to note the
patterns of common TSPCK components used blossomtogmore complex clusters of
TSPCK episodes as the lesson plan was used inldesr@om. The findings of this study
therefore provide a glimpse into a tacit constheihg formally represented on paper into a set

of component interactions changing as they aréegbpt an actual classroom situation.

The findings in this study strengthen the findio§she previous studies and allow for a more
in-depth look at the nature of the interactions aghthe components in the topics taught by
pre-service teachers. Furthermore, the findingshisfstudy give insights into the views pre-

service teachers have about the TSPCK framewaK ftem the content analysis made of the
open-ended questions in their examinations. Tharadge of using the two analyses lies in
the ability to triangulate the information, verifig patterns formed in one data set with the
other. As TSPCK has up to now been viewed as(fdetvhunga and Rollnick, 2013) it benefits

the study to perform a qualitative analysis ofdlaéa in order to determine patterns formed in
the triangulation of the data, to identify emergthgmes from the participating pre-service

teachers as a group. | have used a qualitative stadg to collect and analyse data for this
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study. The case study enables collection of texdatd depicting the reality of the pre-service

teachers’ thoughts and experiences (Cohen, Manibto&ison, 2000).

Data from the formal setting classified as assessit@sks had the advantage of receiving
information from participants after much thoughffoe and deliberation. The pre-service
teachers had sufficient time to complete the masearch reports and place their ideas into
context. It can be assumed that, as the pre-sdeachers knew that they were submitting their
reports for marks, they could possibly have disthisome of the evidence by attempting to
supply answers that could give them the highestiptesmarks. | therefore received the benefit
of analysing the pre-service teacher’s synthesih@f raw data, allowing me the luxury of
merely authenticating the data they had generatad.enabled me to perform much more in-
depth pattern analysis of the data they suppliémiygng me to conceptualise their knowledge.
By triangulating the findings of the mini-researeport with the findings of the examination

written three weeks later, it gave a greater réitglvalue to the patterns which did emerge.

The examination questions were analysed according tubric of teacher beliefs initially
designed by Luft et al. (2007), and further adajtgdlavhunga (2012). This rubric enabled
the classification of the views held by pre-servieachers according to a scale of teaching
approaches from traditional teacher-centred to nkyacentred reform based teaching
approaches. Further adaptation was required torbie effective for this specific study. The
rubric criteria were adapted to include a largeietg of examples depicting each criteria as
the views expressed by the pre-service teachers weividualistic, and their ideas needed to
be included along the criteria scale in order fog tubric to be able to reflect the approach
pattern effectively. As a result, the range in Whtice pre-service teachers’ views fitted, since
completing the methodology course using the TSP@/éwork, showed that they were more
advanced in their teaching approaches than | hadthgsised, but still within a developing
range, not featuring in the categories indicatingater levels of teaching experience. Data
from the rubric and the TSPCK maps together coeldded in teacher education programmes
as a tool to determine the level of developmenptieservice teacher has, making it a valuable

aid for further interventions in the process ottea preparation.
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6.6. Reflections on Reliability and Trustworthiness

The data collected consisted of the pre-servicehesa’ mini-research report of their teaching
experience. The reports contained their own aralg§itheir lesson planning and actual
classroom teaching in order to determine the waylnch TSPCK components worked
together in teaching segments to form TSPCK epsodéey gathered their data from
transcript made from the audio recordings of thieissroom lessons. The pre-service teachers
had undergone TSPCK construct intervention dutiegy tmethodology course and knew the
same working definition of TSPCK as | used for shedy. This was confirmed in the write-up
of their research reports. Reliability of the arsédyof data depended upon the manner in which
the identified episodes were confirmed. | usedpiteeservice teachers’ own lesson planning,
along with the transcripts of the recordings ofitlaetual classroom lessons in order to find
agreement with the episodes and interacting commsnie the TSPCK maps they presented.
Pre-service teacher views were coded and scoreardicg to a piloted rubric, ensuring
consistency in the categorisation of the beliefsressed by the pre-service teachers in their
examinations. The results of the analyses weresdgipon by a second rater who supervised

the study and data analysis.

| was able to confirm the authenticity by referribg these transcripts, enhancing the
trustworthiness of the findings that were made ftbedata. The second set of data analysed
consisted of the pre-service teachers’ methodoleggminations where they answered
structured questions pertaining to their views oierece teaching and the application of the
TSPCK construct. The views they mentioned in themi-research reports were also reflected
in the answers given during the examination, adtintpe trustworthiness of the views they

exhibited in their examinations.

The instrument used to analyse the beliefs of preise teachers was adapted from the belief
rubric designed and piloted by Luft and RoehrigO@20 who used the same structured
guestions as used in this study, with exceptiothéofirst question specifically targeting the
use of TSPCK in science teaching. The rubric wes atlapted and used by Mavhunga (2012)
in her studies on pre-service teacher beliefs gucsoin chemistry including chemical
equilibrium, with some findings in my study showirige level of teaching approaches

exhibited by pre-service teachers correlating Weth findings.

During this qualitative study, the representatidrthe analysis of the data and subsequent

findings were presented as thick detailed desomgtthat were thoroughly unpacked, and sent



84

to a second rater for reaffirming my analyses effihe-service teachers’ evidence, improving
the reliability of the findings. Due to the factthsufficient details have been supplied to the
readers illuminating the patterns emerging fromanglyses, it should enable them to be able
to reach the same conclusions as the ones | pegseniny findings, given the same evidence

to work with.

6.7. Limitations of the study

This study was limited in terms of the predeterrdirseze of the sample of 23 pre-service
teachers, who were enrolled in the methodology smurhis, together with the fact that the
research method was a case study, hinders theadjeability of the findings (Bertram et al.,
2014).

Due to the fact that both the mini-research regidithe examination written by the pre-service

teachers, there exists the possibility that thehees expressed and put additional effort that
may not be seen under relaxed conditions. Preesemndachers were aware of the mark

allocations for each of the tasks, and may possiailye answered some of the belief questions
with the aim of portraying what they thought wasnare acceptable answer as opposed to
giving their true views. This was not necessaltiy tase with the TSPCK episode analysis as
they were deriving their data from transcripts cual classroom lessons and lesson plans.

6.8. Future research and recommendations

Research involving the TSPCK construct is relayivedw, and therefore opens a wide area for
future research, specifically focusing on long-testudy of the effects that TSPCK
interventions in the methodology class would havéhe quality of teaching exhibited by these
teachers, years after entering the teaching priofeEsmowledge of the development of TSPCK
component interactions could be valuable in teaeldeication programmes where the need
arises to “fast-track” certain skill developmemtsiew teachers. These basic interactions could
be provided to beginner teachers along with tresching plans with the intention that their
use will make the transformation of content knowledor teaching to be of a higher standard
and effective at a quicker rate than waiting fa thacher to develop these skills with years of

teaching experience.
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It would serve the education system well if the-peevice teachers had the skills and
knowledge to reflect and analyse their reflectionsrder to make the appropriate adjustments
to improve their teaching. In EU countries andtt8A, science teacher preparation standards
include the need for developing PCK, accordingtgcher educators recognise the need for an
adequate model for teacher preparation as therturmedels fail to accurately address the role
of PCK in science teacher preparation (Nezvalo@a 1?2 Authors suggest that initial teacher
education (ITE) programmes need to focus on PCHKibioing it with general knowledge in
stages to prepare more effective teachers (Hardy8utikno, 2015). The findings on areas
of strengths and weaknesses in certain knowledgenhs prompt rethinking of the structure
of initial teacher education programmes to accomatedapproaches improving PCK
development. (Botha and Reddy, 2011). Although sofmihe aspects of PCK can only be
formed with teaching experience, it becomes evideat the development of sound PCK is
crucial during pre-service training. (Botha and &g®011)

There exists a positive relationship between preiseteachers’ knowledge of PCK and belief
in self-efficacy to teach in a classroom. Sciengecation is tending toward bridging the gap
between the pedagogical and content aspects oheeapreparation- advocates the

development of a cohesive knowledge base (Dosteksdn & Smith, 1994) by using PCK.

Secondly, as the aim of teacher education programsi® improve the quality of teaching
and learning of science in the classroom, it wdaddnost informative to determine the long-
term effect the TSPCK intervention has on learroflievement of the learners taught by the
TSPCK methodology teachers, which would in turnforim future teacher education

programmes.

lllumination of the emerging patterns in the TSP@taps of lesson planning and actual
classroom teaching provides empirical evidencehef level of awareness called for by a
number of science education researchers in PCKqcativg for ITE programmes to create
opportunities for pre-service teachers to develpraness of their own learning (e.g Nilsson,
2008; Nilsson and Loughran, 2012). Such awarerseddferent from a mere view that pre-

service teachers may have, as such views as wididussed in the section below, could be
positive but remain far abstract without real cation and empirical evidence of real impact.
Thus, while this finding could be link to an exmgidiscourse in the PCK literature as shown
above, the extent of awareness demonstrated, wah kigh authenticity of provided clear

articulation of the theory - practice transfiguoatiof TSPCK episodes is interestingly
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encouraging. It demonstrates a desirable calibsziehce pre-service teachers who not only
are developing the professional teacher knolwelgeremain in touch with the trail of their

actions. The extent of their development demorexdrétte depth of experience that long-term
teachers do (Botha & Reddy, 2011; van Driel e1898), It therefore stands to reason that they
are only partly equipped to plan ahead for all egts in an actual teaching situation, as was

now made clearly visible in the comparison maps.

In terms of science education programmes, pre<erigachers mention that the TSPCK
framework assisted them as beginner teachersdhb teewn topics as well as equipping them
to teach topics in the future that they had nottde#h before. Nezvalova (2011) notes that

focusing on topic-specific examples, pre-servicachers can focus and develop specific
strategies which can later be transferred to athgics based on their content backgrounds.
The positive feedback regarding the use of the TKSB@hstruct could open a pathway for

future research explicitly charting the developmehpre-service teachers on a component
interaction level. This would allow pre-service dears to gain a better awareness of their
development, making them more receptive to attampevelop the skills necessary to teach

more effectively in the future.
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Appendix 2. Comparison table between TSPCK episodes in plarandgactual teaching of subsequent lessons ofgovece teachers.

Comparison between TSPCK episodes in planning and actual teaching

Participant

TSPCK episode in planning

TSPCK episode in actual teaching

Episode 2

Sipho Lesson 1 Lesson 1 — limiting reactants
Limiting reactants
Purticipant Diagram, R-disgram used
Participant knaws that this is M'G mwbu hi to explain what is
ll:amn:rlaue an tation anshie oo > difficult vo
siruggled with extremaly - J'::‘::I""‘:"" oot
understanding of Analogy SEOrCE L —_ cs.ui:" R-analogy used
stoichiometry in ofcem concept to . dea - to explain what
Recap of the previous and be made " s difficuls to
stoichiometry Dlipfnu)-ud lessan. tyres less. Enbsode 1 o understand.
\ Uinks with CS
A (== CS \}_.I Y o , showing it as a
(e bin idea.
. — Episode 3
! cs)
5,
P
Allowing bearners 1o impertance of
develon an the lemiting =
understanding of —— L J .
helr oan = P If/‘;,_ e —— Reintorcing price
N knowledge of
. | —y : T stoichiometry, with C5
I only weakly
Episode 1 . Episode 4 representing the big
Episade 2 L i
Lesson 2 Lesson 2
Precipitation reactions and limiting reactants. Precipitation reactions and limiting reactants
Recapping Sequencing Equation, N
the of diff symibolic Episode 1 Episode 2
previous Rinthe representation bt
lesson lesson | , _.' Highlighting
\\r’\ links between Learner Recapping
T s sl e misconceptions -
u jponce pls wiriting . Link-making
/“{ balanced " /_\{ between topics
equations. s
Addressing f \
miscanceptions N /
developed Table °° Sequencing Misconception
""h_"‘ i representation, | ® ) addressed
""":““""9"\' using R to build >—<
was done
on LB .:\cjj_,_unhim Episode 3
limiting R
reactant 1o
water
purification Symbolic-
reaction CS links concepts
Episode 1 equation by using a

demonstration
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Episode 2

lane Stoichiometry Lessonl-stoichiometry
Lesson Plan 1
Introduction
C5 leads to DIF, not
integrated but bath
present in the
episode
i Explaining
/ stoichiometry
Giving key /
: @ {
Body Body
Sequencing Ltssnn still based in Participant chose to - Ordering the
lesson from previous lesson and d tes of - steps to be
easyto progression made  doe followed
caleulations o
comolex from easy to complex
together with
learners in the class
— Doing
examples on
the board
—_____ Balancing
chemical
equations
Ealancing equations as ET":T u'ﬂu
dealtwith » talculations done
in class together

—— Actually performing
the steps discussed in
the beginning
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Conclusion Conclusion
Testing understanding
of what has been done
Emphasising the ,,Issuirgawarkshaetwith previously as it is
. uestions addressin considered difficult to
Most important DIF ; ¢ understand
aspects of the difficult issues for
topic learners to practice
(S leads to
addressing DIF,
notintegrated
—— Sequencing
Lesson plan 2 Lesson plan 2
Introduction Introduction
,E I s::ham' How this topic can be
m'“;""'“_" " 7 roltedto reakife
5 TOpIC | }
" situations

LPwas not seen in this
episode

Linking o < Everyday
everyday examples
knowledge /

Making learners
aware of the point
of learning about
the mole concept
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Body Body
Components are
) integrated as CS guides the Mole concept
Sequecing lesson, and the familiar considared difficlt
Episode 1 Pemdlﬁ table is used to
G complete examples Showing slide show of
QrA what a mole is
Using a familiar ~ Giving examples
periodic table
Using an
analogy [Rl\’ e «—— Presenting a big idea
Episode 2 Learner —— .— Importance
R e centred ‘ of knowing
) ~ activity 1 how to
Representations on Sequencing \ caleulate
the board, learners Calculations  Lesson maoles
shown how to do to reinforce  progressed
the calculations big idea to % yield
Conclusion Conclusion
Activity ———» +——— Activity focuses
h \ uses prior on what is difficult
Explaining the Sequencing from easy knowledge to understand
relationship between to complex Assisting
a,m and M learners
during class
activity
Buhle Lesson 1 Lesson 1

Potential Difference and current

Instructions of a Using

Choosingtouse  circuit diagram, ~ Previous
aworksheet, setting up real knowledge of
helping learners . circuits and
to :::e their e apparatus Inegration of
own deductions i the three
N\ / component as
/ they work
together in the
same
worksheet to
teach the
concept

Potential difference and current

Merge of prior knowledge
into big ideas.

CS for emphasising
what PD is and how it
relates to the circuit
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Measuring PD / How the battery
How to Integrated, the representations inthe circuit H:’ relates to PD
visualise are used to explain what is
was done
Af“'"“’ an electric difficult to understand
diagrams field
+«—Concept of
()
best, cannot find )
‘ evidence in the Difference?
transcript Unsure
Analogy .
Cannot find CS Circuits
in the extracts
Definition of
current is abstract,
ificult integrated Sequencing, and integration
a5 analogy is used with LP as charge s a prior
to explain what is concept, with symbolic
difficult) , Tepresentations used to
ﬂﬁﬂfl explain formulae.
|
Emphasis placeg - ComParison,
onworkdoneon  31108Y,
Revised previous & Chargeina svml:n?ic
topic usi circuit equations
pic using | Three
charge and force [ components
f merged as they
work together
toaidin
teaching what
Doing work on 2 is dificult to
tharge in an '!"m'“d

electric field
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o Abstract Diagram
Big idea, concept drawn on
PO \ the board Merged as
they were
. used
| together to
. explain the
concept
How charge moves
in the cireuit
Referring
fussbi? A
VA I
saegy \ oV |« Camatfindits
using i | companentin
] the estract,
Circuit
i could be for
iagram Ir ——
andlgy Stllreers othe
same R 1sedin
the beginning of
the episode
Lesson 2 Lesson 2
Series and parallel circuit Parallel and series circuit
. Strategy of demonstrating
Prior knowledge then doing Q+A with the
of electric learners
circuits
Learners have —__ | /Sequem‘ng big idea of
prior different types of circuits

___-Bigideain the
Demonstration — concept noted

Emwn ® Elaborating on big ideas-
wtanching current in series vs parallel
strategy circuit

Electrical circuit is prior J*™ Circuitdiagram

knowledge being buit Demonstration/ symbolic

upon representations are used
due to the integration of
the above components

knowledge of
circuits

/ Showing points in the wire
Demonstration where charges move
showing different through series/parallel
circuits connections
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Theee concepts merged as

they, together inform the type

of representation chosen.

For the

theory of ;
Fo 2\ Equations

written on
the board

for
f different
f' cireuit types.
Learners have
prior
knowledge of
circuits

Zandi

Lesson 1
Two kinds of charges
Big idea-
concept of
2 kinds of
charges
Differentiating ™ sticky tape
between a neutral
object, electron
deficient object and
excess-electron
object.

Integrated components because
the big idea is described using R

Symbolic representation
Foundation of of the structure of the

electrostatics \ lth

Representations,
using chalk used as
different kinds of
metals

LP- explain Insulator.—|
R- drawing CS
sequencing, unclear

Symbaolic representation
Big idea, not clearly
specified

Episode 1

In planning this was 2

lessons, in actual

teaching it was only 1
Arrows leading down
shows progression
from the 1%
sequence to last, not
exactly connecting
them

Episode 2

Episode 3

Episode 4
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Lesson 2
Conservation of charges

e Sequence of the lessan

Introducing the Big Idea [ e The learners are
of conservation of actually doing the

charge calculations
themselves

Lesson 2
Caonservation of charges
This lesson was integrated into lesson 1 during teaching.
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Appendix 3. Teacher belief rubric, adapted from Luft and Rogk2007)

1.  How can you increase chances for student learning in your science classroom?

Teacher focused

Student focused

Traditional
Teacher provides

Instructive
Teacher monitars student

Transitional

Teacher creates a classroom environment that involves

Responsive

Teacher designs the

Reform-based
Teacher depends upon student

information in a structured actions during teaching the student classroom environment to responses to design an

environment. enable students to interact envirgnment open to
with each other and their individualised learning
knowledge.

« "By carefully + "By looking at Cognitive Affective * "By using small *  "Knowing that not all
planning my students’ s "By using * "By building a group activities in students learn in the
lessans” responses” different types positive, which students same way, | need to

+  “Byusing - “I watch my of activities” SUpportive hypothesise, organise the lesson in
PowerPoint students closely s “By encouraging environment” predict, create, different ways"”
presentations” as they complete them to do their + "By having a share and * "By allowing students

«  “Byarranging the lab activitias”™ own thinking” relationship with question” to choose their own
classroom so that students outside « "By giving students vehicles to learn by”
the students face of class” the opportunities
e to defend their

*  “luse atextbook, ideas in front of
a study guide and their peers”
we have it on the
weh"

2. Describe how you perceive your role as a science teacher?

Teacher focused Student focused

Traditional Instructive Transitional Responsive Reform-based

Focus on information and Focus on providing Focus on teacher/student relationships or student Facus on collaboration Facus an mediating student prior

structure experiences understanding between teacher and knowledge and the knowledge of
student the discipline

Yol knowing
sage.”

+  “Deliverer of
information”™

* I need to provide
consistent
routines and
classroom rules™

+  “Toprovide
materials and
opportunities for
students to
learn”

- "I maintain
student focus to
minimise

Student

s “Ineedto
develop a good
rapport with my
students”

*  “You have gat to
make the
students feel
comfortable or

Content

"To guide the
students in
developing
conceptual
understanding
and critical
thinking skills™

*  “Tosetupmy
classroom so that
my students can
take charge of
their own
learning”

* "l am atour guide who
helps students make
sense of their
surroundings in a
manner that is
consistent with what is
known”
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management they will have a
issues” difficult time
learning”

3. During your school teaching experience, how did y

ou know when your students understood what you taught them?

Teacher focused

Student focused

Traditional
When they receive the
information

Instructive

When they can reiterate or
demaonstrate what has
been presented

Transitional
When they give an explanation or response that is
related to the presented information

Responsive
When they can utilise the
presented knowledge

Reform-based

When they can apply knowledge
in a novel setting, related to the
knowledge

*  “ltis important *  “When they can Knowledge Affective *  “When they can *  “They can come up
that they hear it dowell on a *  "When they talk +  "Their faces light clearly defend with guestions or
three times" practical about the up” their ideas using comments

«  “We coverad itin examination” presented *  "They get evidence and representing
class” +  When they can knowledge in excited” examples they understanding, using

«  “When we cover use their own new ways” «  “When they are experienced” the knowledge in a
the lesson in words to explain «  “When they can animated about «  “When they can new situation that was
different ways” aconcept” ask a basic the lesson discuss new not experienced in the

*  "When they can student- outside of class” phenomena that class”
repeat the question during they encounter in ¢ “When students can
answer corractly a presentation” class” guestion and dialogue
ohn a written test” in @ manner that
expands their
understanding.
4. In a school setting, how do you decide what to teach and what not to teach?
Teacher focused Student focused
Traditional Instructive Transitional Responsive Reform-based

Decision guided by adopted
curriculum ar other school
factor

Decision based on teacher
focus/direction

feedback

Decision in which some modification is based on student

Decision based on student
feadback and other possible
factors

Decision based upon student
focus and guiding documents
[eg., standards, research)

. “Based on time"

& “Strictly by the
book”

*  “Limited by the
district
curriculum®

. "What | enjoy
and get excited
about™

*  “What | feel
comfartable
with”

L] "If I have
materials
available”

-

“What | think the students will be interested
in”
"I think of the ability levels of my students”

. “What
misconceptions
students at this
age have, and
what the interests
of my students
ara"

*  “Based on the
knowledge and

. “The content/concepts
have to be cognitively
appropriate for the
students and aligned
with aspects of the
standards”
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interests of my

students and
rmyself”
5 How do you decide when to move on to a new topic in your classroom?
Teacher focused Student focused
Traditional Instructive Transitional Responsive Reform-based

Directed by the teacher

Directed by teacher, based

on basic student

understanding of facts and

concepts

Teacher decision based on limited student feedback or
ability of the teacher

Decision based on student
feedback that potentially
involves revisiting concepts

Decision based upon an ongoing
evaluation of students” abilities
to demonstrate understanding in
different ways, May invalve the
madification of lessons

*  “When the unitis
aver”

& “When we have
covered the
material”

*  “When we run out
of time™

+  "Students can
explain the
contentl to me in
their own terms”

L] "When | feel that
the students get
it”

- "I give quizzes
once a week to
determine what

“When the students use the ideas in class”™
“It is not that the students got bored, but we
coverad it in as many ways as | could”

"I can see them doing the lab work correctly™

*  "When students
are comfortable
with the eantent,
they use it in their,
writing and
discussions”

s “I'move on when
there is a lull, but
if they start asking
guestions about

¢ "Aninformal
evaluation of student
conversation and their
work throughout the
topic.”

*  “When the students
are applying the
concepts to new
situations and asking
guestions about the

my students the old idea, | go concepts”
know™ back”
6. How do your students learn science best?
Teacher focused Student focused
Traditional Instructive Transitional Responsive Reform-based

From the teacher

By mimicking the teacher

By using procedures/guidelines

By encountering and
interpreting phenomena

By eliciting, encountering, and
constructing their ideas about
phenomena

* "By paying = "By working * "By doing a lab practical” s “Theyare *  “When they have
attention” problems we + "By doing hands-on activities” challenged ta ownership over what
*  “Bytaking good practiced in create their own they learn and how
notes” class” understanding to they choose to go
* | show them explain their about learning it.”
what they nesd generated idea” +  “They all learn
to do, then they *  “When they differently, but they
look/do it by interact with one need rich experiences
themselves” another as they try which allows each
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s “They watch me

to explain their

student to explore

doit, then they results.” their notions of the
practice an each experience and make
other” sense of it in a new
way”
7. How do you know when learning is occurring in your science classroom?
Teacher focused Student focused
Traditional Instructive Transitional Responsive Reform-based

Detarmined by action of the

Determined through

Determined through subjective conclusions about the

Students’ interact with their

Students initiate significant

students during instruction. | measures given by the student. peers of the teacher about a | interactions with one another
Emphasis is on arder and teacher, Emphasis is on the topic. Responses are limited | andfor the teacher about the
attention as related to the correctness of the student or preliminary. topic.
student. responses to the measure,
*  “ltis still guiet at s "|give guizzes to | Cognitive Affective «  "When students «  "Students can
the end of the see if they are *  “The students ® It gets noisy” interact to solve formulate thoughtful
lesson™ getting it” are actively s “lcan tell by the prablems” guestions about the
*  “When thay are *  “Whean they can engaged in loak in their *  “When students content”
paying close follow the learning, not eyes” are helping each ¢ “Students seek their
attention to the instructions in passively & "Talk about other” peers opinions about
leszan™ the labaratory™ learning” science outside «  “Stydents defend the content”
*  “llook at their *  “The students of the class” their ideas through *  “When students are

write-ups, graphs
and tests”

write a reflection
about their
learning™

the use of
evidence and
examples”

challenging one
another”




