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Abstract

This research project explored the classroom practices, and the conceptions and
identities which informed those practices, of early career physical science teachers who
qualified through the four year initial teacher preparation programme in which | was
involved. Taking the view that education is a complex system, where both the agency of
the individual and her past and present contexts affect learning, implies that individual
histories fundamentally affect the way student teachers make sense of and appropriate
their initial training. Moreover what counts as good science teaching is contested and
context dependent. | spent two days in the classrooms of eight of my past students,
writing narratives of their lessons, and talking to them about their lessons and about
what they saw as having influenced their practice. Narrative inquiry was used to explore
the teachers’ identities and phenomenography to explore their conceptions of teaching.
The threat of classroom reactivity was addressed by reducing it and by accounting for it
by asking teachers afterwards what they thought the effect of the observer had been.
The threat of researcher subjectivity was addressed by rich data, teacher and peer

feedback, the use of established methods of analysis, and transparency.

A grounded analysis revealed that the activities in the lessons could be classified
according to the teachers’ underlying purpose (the introduction of new subject matter
content, the application of that content, feedback on learners’ work, or revision of work
done previously) and the mode of engagement (exposition, question and answer, or
conversation). Some teachers had strong preferences for particular modes of
engagement while others worked with a wider repertoire. For lessons where the purpose
of the lesson was the introduction of new physics or chemistry content, the ‘content
object’ (the propositional and procedural science knowledge and the transformation
thereof) was identified and assessed using a rubric with three dimensions (the accuracy
of the content, the appropriateness of the content and the transformation of that content
to make it accessible to learners) which was developed in working with the data. The
best lessons were those where good transformation of mostly accurate content took
place. The study shows how learners contribute significantly to the quality of the subject
matter content of a lesson by their questions, answers and silences. A conversation

mode of engagement is useful for promoting learner contributions. The sample became



teachers for a variety of reasons, and their professional identities reflect diverse
influences, many of which are outside their initial teacher education. However for three
of the teachers in this study, their teacher education programme was a defining
experience, core to their current identities as teachers. Thus an initial teacher education
programme can have a major influence on teachers, particularly teachers who know
their own school experiences of science teaching to be deficient. Small inputs in teacher
education may lever up large but unpredictable ‘butterfly’ effects. Despite the
challenges involved, it seems there are still young people who want to become teachers,
but bursaries are key to making this a reality. A mentoring programme may support
teachers in township schools in their vision of making a difference. A
phenomenographic analysis revealed four conceptions of teaching science, with two
dimensions: whether the science knowledge to be taught is seen as problematic or not,
and the nature of the mediation of that knowledge, either by transferring the knowledge
from the teacher to the learners or by creating space for learners to acquire the
knowledge. Since the subject matter content of a lesson is key to the overall success of a
lesson, conceptions of teaching which recognise that subject matter knowledge can be
problematic may be more powerful. The results of this study speak back to the vision of

teacher educators about the kinds of teachers they want to produce.
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Glossary of Terms and Abbreviations

Bachelor of Education degree — a four year initial teacher

B Ed .
education programme
Butterfly effect A large, unpredictable effect arising from a small input.
Break Recess
A colloquial term for a lesson taught by a student teacher,
Crit lesson observed by a tutor who ‘crits’ (critiques) the lesson, i.e.

judges the lesson against certain standards, and ultimately
assigns a mark reifying the quality of the student’s teaching.

Didactic contract

The tacit understanding which a teacher and her learners have
about their respective roles in the classroom.

HDE

Higher Diploma of Education - four year teaching diploma
which was replaced by the B Ed.

Intervention school

A school which uses donor funding to give a good educational
opportunity to disadvantaged youths who would otherwise
probably be attending a township school

Ja

Yes (Afrikaans)

Learner

School pupil

Multicultural school

A well-resourced and well-functioning school, which was a
privileged white school under apartheid

National Curriculum
Statement

The document containing the South African national school
curriculum.

Natural Sciences

The South African school science subject for Grades 7-9
which encompasses physics, chemistry, biology and earth
science.

PCK

Pedagogical Content Knowledge; the  subject specific
knowledge which teachers use in transforming subject matter
content to make it accessible to learners, comprising
knowledge of learner prior conceptions and alternative
conceptions, instructional strategies and materials, useful
representations, metaphors, difficulties students have in
comprehending the content, and curricular saliency.

Physical Sciences

The school subject for Grade 10-12 which encompasses
physics and chemistry. These disciplines cannot be studied
separately in the South African school system.

Private school

An elite, well-resourced institution, typically with white
learners in the majority.

Q&A

Question and Answer - a mode of classroom engagement
where the teacher asks a series of questions and learners
answer, either drawing on their own knowledge or
information given in a text.

Xiv




Rural schools are found in the underdeveloped poor rural
areas and are generally worse off than township schools.

Rural school ‘Rural’ in South Africa connotes poverty, and lack of
infrastructure and services.

SMK Subject Matter Knowledge — disciplinary knowledge

Teaching Teaching methodology courses are intended to teach student

methodology

teachers the methodology of teaching i.e. how to teach.

Township school

A school in a township (black residential areas). The term
‘township’ has similar connotations to the term ‘inner city’ in
first world settings, although townships are significantly
displaced from city centres.

XV




Chapter 1: Introduction

For nearly a decade, | was involved in the initial preparation of physical science teachers
for the South African education system, teaching both physics and science teaching
methodology™. Initially | saw my role as being to give my students a basket of good ideas
for teaching science. The ‘good ideas’ drew on my own conception of science teaching.
But after a few years I realised that my students’ take-up of such was limited if my ‘good
ideas’ did not fit with their own conceptions of science teaching. The Draw-A-Science-
Teacher Test (Thomas, Pedersen, & Finson, 2001) helped me understand the chasm which
often existed between my students’ conceptions of science teaching and mine. Figure 1 is
a typical first year student teacher’s response to the instruction ‘Draw a picture of yourself
as a teacher in a classroom teaching a good science lesson.” (Gundry, 2007). The time on
the clock suggests a hard-working teacher — one who is working after normal school hours
— but the teaching involves telling the canon of science rather than doing science. No test-
tubes or measuring instruments or other artefacts of science are present — artefacts which
are essential in my conception of science teaching. Clearly this student’s conception of

science teaching was very different from mine.
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Figure 1: First year student teacher’s response to the Draw-A-Science-Teacher Test

! Science teaching methodology courses are intended to teach student teachers the methodology of science

teaching i.e. how to teach science.



The picture is also a window on the student teacher’s professional identity: he identifies
himself as a hardworking teacher who is committed to his students and who knows
physics well, as evidenced by a board full of writing with no textbook present. Over time |
realised that teacher identity is key to teacher education, and that a student teacher starts a
teacher education programme already holding a vision of the kind of teacher she wants to
be. I came to see my role as working with students’ teacher identities; helping them to
develop their identities and be more effective as the kinds of teachers they wanted to be, in
part by giving them access to other conceptions of science teaching. This means that my
own identity as a teacher educator shifted considerably. However, despite these
realizations, I still had very little idea of the long term effects of my work. | had no idea
what actually happened in the classrooms of teachers after they graduated. I did not know
what kinds of teachers they were or what conceptions they held about science teaching

once immersed in the practice of it.

Nor was my problem unique: historically most initial teacher education was in the hands
of government colleges rather than universities and so university research into science
teacher education tended to focus on in-service programmes. Moreover, the pre-service
research on initial science teacher education which does exist typically explores students’
ideas at the end of particular courses rather than following them into their classrooms
(Adler, Pournara, Taylor, Thorne, & Moletsane, 2009). However was been some tracking
of mathematics graduates of the one year Post Graduate Certificate in Education and its
predecessor (Breen & Millroy, 1994; Ensor, 2004). Hindle (2003), as the South African
Deputy Director-General of Education, included the “need to track the careers of some of
the newly trained teachers” (p. 334) on a research agenda for teacher education.
Internationally Luft (2007) calls for research which “captures the experiences and

development of the new science teacher” (p. 536).

In regard to research on teaching more generally, Malcolm and Alant (2004) in their
review of science education research in South Africa note that research “has provided
information on what teachers do and don’t do, especially in their classrooms, but little on
why they do what they do” (p. 79). They suggest “a need for deeper explorations of
teachers and teaching, more closely linked to the contexts in which teachers work and why
they do what they do” (p. 77). Clark and Linder (2006) claim that in South Africa:



we have so little understanding of the ‘realities of schooling at the chalk face’ that
it hardly seems an exaggeration to propose that we know virtually nothing at all
about how individual teachers cope and respond to the challenges of practice,
either under existing conditions or when faced with implementing change. (p. 2).

The design of this research project started in 2007 and addressed these research needs by
tracking early career teachers into their classrooms. In this chapter | first present my
research questions and then give an overview of my research design. Thereafter | locate

my research epistemologically and contextually.

1.1 Research Questions

| wanted to spend time in the classrooms of my past students. | wanted to know what they
did, and how they saw what they did. Thus my research project was designed to explore
the classroom practices, and the conceptions and identities which informed those
practices, of early career physical science? teachers who qualified through the four year
initial teacher preparation programme in which | was involved. My research addressed the
following research questions:
1. What is the form of the activities in early career physical science teachers’ lessons?
2. What is the quality of the science content of their lessons?
3. How do these teachers narrate their professional identities?
4

What conceptions do these teachers have of science teaching?

The first two questions addressed my curiosity about what actually happens in the
classrooms of my past students. | wanted to use a wide-angle lens, taking in the breadth of
the repertoire of their practice, and thus chose activities as my unit of analysis for the first
question. An activity could take a whole lesson or a lesson could be comprised of a
number of activities. However | realised that this research question only addressed the
form of lessons and not the subject matter content, and so | formulated the second research
question during the course of data analysis. The last two questions interrogate the ways in
which teachers see themselves and their work. The third research question explores their
identities as teachers, using their narratives as a window. The last question explores

teachers’ conceptions of teaching, specifically science teaching. These four questions use

% In the South African school curriculum, physics and chemistry are taught as one subject, called Physical
Sciences, in grades 10-12. Physical science teachers are also expected to be able to teach Natural Sciences,

which encompasses physics, chemistry, biology and earth science, to grades 8 and 9.



different lenses on the practice of teachers by exploring three different constructs:
classroom practice, teacher identity and conceptions of teaching. These constructs are
related: teachers’ conceptions of teaching affect how they construct their identities; their
conceptions of teaching and their identities affect the decisions they make with regard to

practice; and classroom experiences inform teachers’ conceptions and identities.

In order to answer these questions, | followed eight of my past students into their
classrooms. | used two research instruments, classroom observation and semi-structured
interviews, and spent two non-consecutive days with each teacher. More details of these
instruments are given in Chapter 3. Data collection happened over a period of two years,

and amounted to 57 observed lessons, and nearly thirteen hours of interviews.

1.2 Key Concepts

The research design incorporated two different approaches, narrative inquiry and
phenomenography, which were used to explore identity and conceptions respectively.
These two approaches fit well together since they are both concerned with people’s
experiences. In the following three sections, I will explain what | mean by identity and

conceptions, and explain how the two approaches work with these constructs.

1.2.1 Identity

I will look at identity through the lenses of four major contributions to the understanding
of identity in education: Gee (2000), Wenger (1998), Sfard and Prusak (2005) and
Holland, Lachicotte, Skinner, and Cain (1998). These lenses come from different
perspectives: Gee’s field is linguistics thus his approach is discourse analysis; Sfard and
Prusak are mathematics educators interested in how identity affects learning; Wenger
comes from the perspective that learning happens in communities of practice; and Holland
et al. are anthropologists. These differences are reflected in their definitions of identity.
For Gee identity is about being a certain ‘kind of person’, expressed in a label such as
‘teacher’ or ‘learner-centred’. Wenger sees identity as the experience of such a way of
being, which encompasses more than just a label. Sfard and Prusak define identity as
stories about persons, though they acknowledge that these result in a person experiencing
a ‘sense of identity’. Holland et al. define identity as follows:

People tell others who they are, but even more important, they tell themselves and
then try to act as though they are who they say they are. These self-understandings,



especially those with strong emotional resonance for the teller, are what we refer to
as identities. (p. 3).

Despite these differences, these authors agree on five aspects of identity which I will

describe in order to work towards a definition of identity.

The first aspect is that identity involves the act of identifying. This means ascribing labels
to people, thus in Gee’s terms identifying a person as a certain ‘kind of person’. Gee
distinguishes between four types of identity: nature-identity which describes genetic
characteristics counted as significant in a culture such as race and gender; institution-
identity which labels a person’s position within an institution; discourse-identity which is
the way the person is recognised in discourse with others; and affinity-identity which
arises from any groups the person chooses to belong to, such as clubs or religious
organisations. A person can identify themselves as well as others, and thus is identified
both by themselves and others. The focus of research is usually on self-identification since
“first-person self-told identities are likely to have the most immediate impact on our
actions” (Sfard & Prusak, 2005, p. 17).

However this self-identification happens in the context of and in relation to identities
made available by others. A particular context, such as a community of practice, places
constraints on the identities of individuals within that context. However an individual does
not simply accept the identities available in a particular context, but rather negotiates
possibilities: “building an identity consists of negotiating the meanings of our experience
of membership in social communities” (Wenger, 1998, p. 145). Negotiation implies that
identity is not simply in the head of the individual but needs to gain traction in the context
— an identity needs to be recognised by others. Identities are not only constructed in a
context, they are also “possibilities for mediating agency” (Holland et al., 1998, p. 4)
within the constraints of the context. In all, identity is the “pivot between the social and
the individual” (Wenger, 1998, p. 145).

The agency of the individual in negotiating her identity in a particular context means that
she engages in the construction or authoring of her own identity. For Sfard and Prusak this
happens through story telling. Gee includes storytelling in a wider view of identity
construction: for him identity is constructed through ‘Discourse’ which he defines as

comprising speech, actions, body language, dress and using things. For Wenger



storytelling is part of reification, which works together with participation in the
construction of identity. The twin dimensions of telling and acting are also recognised by
Holland et al., as reflected in their definition above. Similarly the identities which other

people ascribe to a person inform their behaviour towards that person.

Since both the context and the individual influence identity, identities are not stable but
change over time. Identities have a trajectory through time, with past and future identities
both involved in the present: “our identities incorporate the past and the future in the very
process of negotiating the present” (Wenger, 1998, p. 155). Thus “identity talk makes us
able to cope with new situations in terms of our past experiences and gives us tools to plan
for the future” (Sfard & Prusak, 2005, p. 16). Gee sees each individual as having “a unique
trajectory through ‘Discourse space’. Sfard and Prusak distinguish between a person’s
‘actual’ identity in the present and her ‘designated’ identity which is what she hopes to
become in the future. This implies that an aspect of identity is a vision for the future:
imagination of “new images of the world and ourselves” (Wenger, 1998, p. 176) or
“imaginings of self in worlds of action” (Holland et al., 1998, p. 5). The corollary of this is
that identity is never a finished product — it is always a work in progress (Holland et al.,
1998; Wenger, 1998). A designated identity may be pronounced by what Sfard and Prusak

call a ‘significant narrator’ who is often a relative.

In addition to identities changing over time, an individual possesses multiple identities, for
example a person may be a left-handed, passionate teacher and soccer player (Gee, 2000).
For Wenger multiple identities are a consequence of individuals being members of more
than one community of practice. Wenger points out that this leads to multiple trajectories,
though these trajectories are not independent but interact and require effort to reconcile, a
process which may never be completed. Palmer (1997) sees integrity across a teacher’s

different identities as key to good teaching.

| have described five features of identity which are common to all of the four perspectives
on identity which | have interrogated: identities identify, and are contextual, constructed,
changing and multiple. These features concur with the conclusions Rodgers and Scott
(2008) make from the identity literature, but they also include an emotional aspect to
identity. This concurs with Holland et al.’s idea of identity as ‘self-understandings’ with

“strong emotional resonance” quoted above. Zembylas (2003a) argues that emotion is



central to identity. In summary, an identity identifies a person as a certain kind of person,
and is authored with emotion through labelling, storytelling and actions within the
constraints of and in relation to a particular context, and facilitates agency in the context. |
have spoken of the concept of identity generally, but the identity which is central to my
research is that of teacher self-identity. In Gee’s terms I am interested in teachers’
institution-identities and discourse-identities — their identities as science teachers and as

the kinds of science teachers they identify themselves as through their narratives.

1.2.2 Narrative Inquiry

I used narrative inquiry to explore the teachers’ identities. The term ‘narrative’ gets used
in different ways in different contexts (Riessman, 2005). Thus before | talk about narrative
inquiry, | will explain what | mean by narrative. A narrative is a story, a tale with a plot.
Bruner (1996) categorises thought as ‘logical-scientific’ or narrative. Logical-scientific
thought deals in generalisations, whereas narrative thought deals with specific episodes or
stories. Logical-scientific thought has prevailed in research, but narrative thought is
important in understanding how people make sense of their lives, for “It is only in the
narrative mode that one can construct an identity and find a place in one’s culture”
(Bruner, 1996, p. 46). Thus narratives are a window on identity — in fact, as mentioned in
the previous section, Sfard and Prusak (2005) define identity as stories about self.
Riessman and Speedy (2007) suggest that the ‘narrative turn’ in the social sciences and
beyond has been spurred on by increased awareness of our identities in a rapidly changing

world.

Bruner (1986) notes that narratives often contain an evaluation or lesson — a story
comprises not only what is remembered, but also how it is interpreted. Thus a narrative is
not merely a look at the past, but is the way in which the storyteller makes sense of and
justifies the present: “Narrative is retrospective meaning making — the shaping or ordering
of past experience” (Chase, 2005, p. 656). This means that all narrative is constructed —
the story teller constructs a story in a way which is coherent and makes sense to her,
selecting incidents which she sees as significant so that “Each person is a historian of the
self” (Sexton, 2007, p. 49). In the same way that a history is never a neutral account of
‘how things were’, “Narratives do not mirror, they refract the past” (Riessman, 2005, p. 6).
The choices the narrator makes identify the narrator in a particular way for a particular

audience.



This construction happens at a point in time and space, and changes over time and space —
the same person will construct different narratives at different times, in different contexts
and for different audiences. The underlying assumption is that people are always learning
or changing (Clandinin & Connelly, 2000). In summary, a narrative is a story constructed
by a narrator about her past which makes sense of her present and identifies her in a

particular way for a particular audience, at a particular point in time and space.

Thus narrative inquiry is “trying to make sense of life as lived” (Clandinin & Connelly,
2000, p. 78). Hence it is appropriate to use narrative inquiry to explore how science
teachers make sense of themselves as teachers. Narrative research has proved useful in
understanding teaching and learning in the complexity of the South African education
system (e.g. Case, Marshall, & Linder, 2010; Henning, 2000; Jita, 2004; Lelliott &
Pendlebury, 2009; Marshall & Case, 2010). However there are varied approaches to what
gets called narrative inquiry (Chase, 2005; Polkinghorne, 1995; Riessman & Speedy,
2007), a point I will elaborate in Chapter 6. I invited teachers’ narratives by asking them to
“tell me the story of what has made you the unique teacher you are today” and by asking

follow-up questions. Their responses are narrated in Chapter 6.

1.2.3 Conceptions in Phenomenography

While I used narrative inquiry to explore teachers’ identities, I used phenomenography to
explore their conceptions of teaching. Phenomenography is a research approach which
investigates people’s conceptions of a particular phenomenon, although this term has its
limitations:

A ‘conception’, the basic unit of description in phenomenographic research, has
been called various names, such as ‘ways of conceptualizing’, ‘ways of
experiencing’, ‘ways of seeing’, ways of apprehending’, ‘ways of understanding’,
and so on. [...] The reason for using so many different synonyms is that although
none of them corresponds completely to what we have in mind, they all do to a
certain extent. (Marton & Pong, 2005, p. 336).

The term ‘conception’ could be seen as implying that the object of research is in the head
of a person, whereas from a phenomenographic perspective, it is constituted in the
relationship between a person and the phenomenon, in this case between a teacher and her
job (Marton, 1981). This means that conceptions change as the teaching context changes.
Science teaching is not an abstract concept in the head of a teacher but a lived experience,
so another phenomenographic term which | could use for the same object of research is



‘experience’. Then my fourth research question would be ‘What experiences do these
teachers have of science teaching?’ But ‘experience’ could imply passivity on the part of
the teacher — being at the receiving end of what happens in a school rather than allowing
for the agency of the teacher. I thus chose the term ‘conception’ over ‘experience’,
although the research object I was interested in has elements of both teachers’ experience

of teaching and how they conceive it.

Phenomenography explores conceptions from a ‘second order’ perspective: instead of
researching the phenomenon itself — i.e. the researcher’s first order experience of the
phenomenon — phenomenography researches it from the perspective of the sample
(Marton, 1981). Phenomenography attempts to uncover the full range of conceptions
experienced by a sample, thus the researcher explores variation in conceptions (Marton &
Booth, 1997). Individuals are not tied to particular conceptions: a particular person may
demonstrate different conceptions of a phenomenon at different times (Marton, 1981). In
this way phenomenography is different from constructivist research into alternative
conceptions (Wandersee, Mintzes, & Novak, 1994) — sometimes referred to as
misconceptions — which sees an individual as ‘having’ a particular conception. Since
individuals are not tied to particular conceptions, differences in individual contexts within
the sample are ignored and the data is pooled (Marton & Booth, 1997). However the
overall context of the research is significant: phenomenographic studies are always done
with a particular population who have something in common, (e.g. physicists (Ingerman,
2003), computer programmers (Booth, 1992), lecturers (Prosser & Trigwell, 1999)) about
a phenomenon which is significant for them. At the same time, the sample should be as
diverse as possible within that population so that a wide range of conceptions in
uncovered. In this study, the population was early career qualified and practising
secondary school physical science teachers who graduated from a four year undergraduate
programme at the University of the Witwatersrand. The sample covered a wide range of
variation in the population of interest insofar as the teachers taught in diverse schools and

came from a variety of educational backgrounds themselves (detailed in section 3.2).

In phenomenography, the conceptions together form an ‘outcome space’ (Marton &
Booth, 1997) which represents the full range of variation of conceptions emerging from
the data. The conceptions have some logical relationship to each other or structure in the
outcome space. My experience is that the process of uncovering this structure is one of the



strengths of phenomenography which distinguishes it from other grounded analysis
(Strauss & Corbin, 1990): seeing the conceptions in relation to each other brings new

insights about the conceptions (D. Taylor, 2011).

Thus far | have introduced two constructs related to teaching: teacher identity and
conceptions of teaching. How do these two constructs relate to each other? The subjects of
the two constructs are different: teacher identity is about a person, whereas a conception of
teaching is about her work. Identity is focused inwards whereas conceptions of teaching
are focused outwards. Self-identity could be construed as ‘conception of self’. But a
phenomenographic analysis of conceptions of self would throw up a limited number of
conceptions, whereas an identity is unique to an individual since it interacts with her
individual contexts, history and other identities. Thus | think to reframe self-identity as
conceptions of self would be unhelpfully limiting. Although the two constructs are
distinct, they are related and influence each other, since it is the same person involved in
both. The conception a teacher has of teaching is related to the ‘kind of teacher’ she sees

herself as.

1.3 The Theoretical Location of My Research

Having described the approaches | used in my research, 1 now want to locate my research
in broader contexts. There are two ways to locate research: one is its position in
knowledge and the other is its context in space and time. In other words there are two
contexts for research: one theoretical and the other practical. In this section | locate my
research theoretically, and in the next section | give its practical context. In locating it
theoretically, | first make my ontological and epistemological positions clear, and then
locate the research in two bodies of research: teacher education research and science

education research.

Underlying any research are ontological and epistemological assumptions. Ontology is an
assumption about the underlying nature of reality, in this case social reality. According to
Blaikie (1993), in the social sciences there are essentially two possible ontological
positions: the realist view that there is a single social reality ‘out there’ which is
independent of any observer, or the constructivist view that social reality is constructed
and interpreted by people, which means there are multiple realities.

10



Do the research approaches which | use, phenomenography and narrative inquiry, have
underlying ontologies? Svensson (1997), in talking about phenomenography, argues that a
research approach does not presuppose an ontology. But Marton and Booth (1997) claim
phenomenography has a non-dualist ontology, i.e. a constructivist ontology in Blaikie’s
terms. In other words “the only reality there is, is the one that is experienced” (Uljens,
1996, p. 114). Whether taken from a phenomenographic perspective or not, this is my

view: social reality is socially constructed.

Epistemology is an assumption about the nature of knowledge. Realist ontology allows
two different mappings of knowledge onto reality: reality can be seen as able to be known
perfectly or imperfectly (Blaikie, 1993). Positivism is an epistemology that reality can be
known perfectly and hence recognises one truth. In contrast epistemology which
recognises the limitation of human knowing admits multiple truths. Constructivist
ontology precludes the mapping of knowledge onto an external reality. Instead knowledge
is the way in which experience is represented, and so epistemology is an assumption about
the correspondence of knowledge to experience. Both non-positivist stances, realist and
constructivist, agree that all that can be known is how the world is experienced or
perceived, and hence the ontological differences between these two stances are not always

obvious.

Phenomenography makes the epistemological assumption that there is a limited number of
qualitatively different ways in which a group of people experience a phenomenon.
Phenomenography also makes the epistemological assumption that the different ways of
experiencing a phenomenon can be known: they can be uncovered through dialogue and
represented and communicated. However there is not one single ‘right’ way to do so, so

phenomenographic outcome spaces are never final.

Like phenomenography, narrative inquiry is concerned with peoples’ experiences: “The
study of narrative, therefore, is the study of the ways in which humans experience the
world” (Connelly & Clandinin, 1990, p. 2). Thus experience is foregrounded, whether or
not there is seen to be an external reality. A narrative is one of many possible
constructions of history, and there is no way to know that history objectively. Moreover,
as explained, a particular person may construct her narrative differently at different times
and for different audiences. This is analogous to the phenomenographic stance that a

11



person may conceptualise a phenomenon in more than one way depending on the context

in which the phenomenon is encountered.

My research did not only use phenomenography and narrative inquiry, it also used
classroom observation. What is the implication of foregrounding experience in classroom
observation? Classroom observation is the experience of an observer in a classroom, and
there are multiple ways of experiencing the same lesson. | took the view that all that |
could know of what happened in a classroom was my experience of it, with my experience
affected by my subjectivity. Hence | describe my subjectivity later in this chapter, and

explore the consequences of that subjectivity for classroom observation in section 3.7.3.

Having situated my research ontologically and epistemologically, | now situate it in the
research literature. My research is located at the intersection of teacher education research
and science education research, though | draw on literature which is outside of the
intersection, particularly research on teacher education. In teacher education Borko,
Whitcomb, and Byrnes (2008) identify five genres of research: research which looks for
the effects of teacher education, practitioner research such as self-study and action
research, design research to investigate the implementation of an intervention, interpretive
research, and critical research. This project is interpretive research, which is “at its core, a
search for local meanings” which “seeks to perceive, describe, analyse, and interpret
features of a specific situation or context, preserving the complexity and communicating
the perspectives of the actual participants” (Borko et al., 2008, p. 1025). I will talk more
about the complexity of teaching in Chapter 2. Interpretive research is an important genre
in qualitative research in education:

In one sense, this is the major purpose of all qualitative research [in education] — to
inform our deep understanding of educational institutions and processes through
interpretation and narrative description (Soltis, 1990, p. 249).

Phenomenography and narrative inquiry are both methodologies in the interpretive genre.

A weakness in interpretive research is that power relations are only seen from the taken-
for-granted perspective of participants, and hence are not questioned (Cohen, Manion, &
Morrison, 2000). Thus in Chapter 2 | pay some attention to the interplay between the
power of the structure of contexts and individual agency (section 2.1.3), in Chapter 6 |

consider how teachers’ identities both facilitate their agency in their contexts and are
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constrained by their contexts (section 6.4.2), and in the final chapters I consider individual

agency in adverse contexts (sections 8.4.3 and 9.3.4).

In science education, Erickson (2000) identified three research programmes about student
learning over the last two decades of the last century: the Piagetian research programme,
the constructivist research programme, and the phenomenological research programme
which was then emerging and which Erickson saw as the way forward. Although my
research is not about student learning of science, it is consonant with this last research
programme, which includes phenomenography. While the Piagetian and constructivist
research programmes see learning as constructing cognitive structures, the
phenomenological research programme sees learning as “a set of relationships between the
learner and the world” (Erickson, 2000, p. 281), consistent with my description of

conceptions in section 1.2.3.

1.4 Context

Interpretive studies provide “an image of teaching as a complex intellectual endeavour that
unfolds in an equally complex sociocultural context” (Borko et al., 2008, p. 1025). Thus
context is critical in interpretive research, particularly in narrative inquiry (Clandinin &
Connelly, 2000). The purpose of this section is to describe the context of this study. The
context of this study can be seen as one of rapid change in education — both structurally
and in regard to curricula (Kruss, 2008). | will briefly describe these changes at a national

level, and then consider the way these changes played out in my local context.

1.4.1 The National Context

There was massive structural change in education after South Africa’s first democratic
elections in 1994. At tertiary level, the teacher training colleges were either moved from
the government departments of education into the universities or closed, a process which
ended by 2001 (Kruss, 2008). At school level, the formerly racially delimited departments
of education were restructured into departments delimited by province. This means that
schools are no longer officially racially defined and so multicultural schools now exist.
But the township® and rural* schools which were black under apartheid are still completely

® Under apartheid, black Africans were forced to live either in ‘homelands’ which were largely rural or in
‘townships’ bordering towns. Both were crowded and under-serviced. Today townships are black residential

areas, which are usually better off than the many informal settlements (with dwellings often constructed
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black (both staff and learners®) — a consequence of South African demographics. These
schools typically offer a poorer quality of education to communities battling with
socioeconomic problems — a legacy of the deliberate neglect of black schools and their
communities under apartheid (N. Taylor, Muller, & Vinjevold, 2003). In contrast the
multicultural schools are typically well-resourced and well-functioning schools, which

were privileged white schools under apartheid.

In addition to the structural changes in education, there were significant curriculum
changes both in schools and in teacher education. In teacher education, the four year
Higher Diploma in Education (HDE) was replaced by a four year degree, the Bachelor of
Education (B Ed), which gave the initial teacher qualification more status. Such teaching
degrees are available in many countries, but what is unusual is that at some South African
institutions (mine included) the same lecturers often teach both the academic discipline
(such as physics or chemistry) and the teaching methodology courses to student teachers.
The alternative route into science teaching is still a three year Bachelor of Science degree

followed by a one year teaching qualification.

At school level, a new curriculum was phased in from 1998. The 2008 grade twelves were
the first cohort to graduate from this curriculum. Education is always political (Gutmann,
1987), particularly in South Africa, and the new curriculum was the new government’s
flagship for education. ‘Social transformation’ was identified as one of “the key principles
and values that underpin the curriculum” (Department of Education, 2003, p. 1) with the

hope expressed that:

from corrugated iron) which have sprung up post-apartheid, although both are typically supplied with
electricity. Any schools in these informal settlements are also referred to as township schools. The term
‘township’ has similar connotations to the term ‘inner city’ in first world settings, although townships are
significantly displaced from city centres.

* Rural schools are found in the underdeveloped poor rural areas and are generally worse off than township
schools. ‘Rural’ in South Africa connotes poverty, and lack of infrastructure and services.

®> In the post-apartheid South African school curricula, school pupils are referred to as ‘learners’. This
reflects an attempt to imbue pupils with greater status, but the term can be criticized for implying that
teachers have somehow stopped learning. Nonetheless, it is the term which I will use throughout to refer to

school pupils.
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Social transformation in education is aimed at ensuring that the educational
imbalances of the past are redressed, and that equal educational opportunities are
provided for all sections of our population. (Department of Education, 2003, p. 2).

The desire to break from the past resulted in a huge pendulum swing, most notably the
move away from a content driven curriculum to a curriculum which initially did not
specify content but was rather ‘outcomes based’. (Department of Education, 2002) The
pendulum gradually swung back towards its original position in successive curriculum
documents (Nakedi, Taylor, Mundalamo, Rollnick, & Mokeleche, 2012). In response to a
review which criticised the lack of content specification (Chisholm, 2000), content was
specified in the Revised National Curriculum Statement for grades 0-9 (Department of
Education, 2002), and in the grade 10-12 curriculum published for the first time a year
later (Department of Education, 2003). The latest curriculum documents were published
towards the end of 2011, and although these were described by government as a
streamlined repackaging of the previous documents (Motshekga, 2010), the content of the
Physical Sciences curriculum has shifted considerably and so is a new curriculum. The
effect of all these changes has been continually shifting ground for teachers (Nakedi et al.,
2012).

Despite all this change, there proved to be considerable inertia in practice in many schools
(Rogan & Aldous, 2005). Jansen (2003) points out that the new curricula identify teachers
in ways which conflict with their existing identities and posits “that unless we understand
the identity dilemma faced by teachers, we cannot begin to disrupt ‘the grammar of

299

schooling’” (p. 118). In Gauteng, the province where my sample taught, all government
schools were equipped with some science apparatus, but teachers in the black township
and rural schools are still faced with large classes of learners from disadvantaged
backgrounds affected by poverty, violence and HIV/AIDS. So these teachers, who
themselves typically received inadequate science education, have tended to continue with
teaching practices rooted in the apartheid past. The implementation of curriculum change
is always fraught (Macdonald, 2003), but in the South African context of inequality, those
in the black schools are worst off. Given Physical Sciences’ role as a gateway subject into

tertiary science and engineering programmes, this means that the changes in education

have largely failed to realise their goal of social transformation.
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In summary, across all schools, the structural and ideological transformation of education
means that teachers are expected to teach a curriculum which is significantly different
from the school curriculum they themselves were taught at school. There is a particularly
large gap between teachers’ own twelve year ‘apprenticeship of observation’ (Lortie,
1975) and the ways in which they are now expected to teach. Thus the challenge for
teacher education in South Africa is to prepare teachers to teach differently from how they

were taught, in a wide range of schools which are all negotiating change in some way.

However the data for this study were collected in a period of relative stability, 2009 to
2011, before the latest curriculum documents were published. The curriculum documents
defining the grade 10-12 curriculum in operation when this study was conducted were
published over the period 2003 — 2008, and the grade 8-9 curriculum was published in
2002. The curriculum reached its full implementation in 2008 with the first grade twelve
examinations on the curriculum written at the end of 2008. So at the time of this study,
teachers were no longer guessing as to what the final examination would look like or how
their learners would perform on it. Moreover, the core documents of this curriculum were
published in 2002 or 2003 before the sample of this study finished their studies, as the
sample graduated over the period 2004 — 2008. So these teachers were all teaching the
curriculum for which their teaching qualification had prepared them to a greater or lesser

extent.

1.4.2 The Local Context

I now consider how the national changes played out at the University of the Witwatersrand
where | taught. From the beginning of 2002, the Johannesburg College of Education was
incorporated into the university but continued to operate separately from the Faculty of
Education, with the College and the Faculty on different campuses. The first B Ed
curriculum was designed during 2001 and 2002, and implemented from 2003. This B Ed
degree allowed students to specialise as secondary school physical science teachers with
mathematics as their second teaching subject. The only preparation which they got for
teaching the life and earth science components of the grade 8-9 Natural Sciences

curriculum was part of a second year teaching methodology course.

Under strong leadership, the college and the faculty were brought together into a single
integrated Wits School of Education from 2005 (Kruss, 2008). After the restructuring, the
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first big project of this single structure was a revision of the B Ed curriculum, which had
proved to be weak in some aspects of its structure. This was a participatory process which
involved much theoretically and practically informed debate. The revised B Ed curriculum
which emerged from this process was implemented from 2010. This revised B Ed
curriculum includes more subject methodology and another year of study in the sub-major.
Students who take Physical Sciences as their major start by studying the breadth of the
natural sciences for two years before focusing in on the physical sciences. This is to help
them cope with the demands of the school curriculum where physical science teachers are
expected to teach Natural Sciences to grades eight and nine. However the sample in this
study all studied the old B Ed curriculum or the HDE which preceded it, which also did
not prepare teachers to teach across the whole of Natural Sciences. In other words the
teachers in this study studied a curriculum which was recognised to be inadequate both in
terms of subject specific teaching methodology and in terms of preparing teachers to teach

the life and earth science themes in the subject Natural Sciences.

In this process of curriculum reform, there was a realization of the need to articulate the
vision of the staff of the Wits School of Education, especially given that the staff had
come from a College and a Faculty of Education which were quite different in their
outlook on education, with a measure of suspicion on both sides. Thus through a
collaborative process, a document was produced which was entitled A Vision for a B.Ed
Graduate: what kind of teachers for South Africa do we want to produce at Wits?
(Appendix A). This document identifies nine characteristics of the desired ‘kind of
teacher’ the School of Education wanted to produce. In the final chapter, I consider how

the results of my research talk back to this vision.

The sample in this study graduated either from the first B Ed or from its predecessor, the
HDE. The majority of the students with a physical science major in either of these
qualifications started university as survivors of the tough end of the South African
education system — the black schools which have made only a partial recovery from
apartheid education. Such students are a relative cream: people with considerable potential
and typically the top achievers from their schools. But their school experiences of science
were mostly dismal, resulting in poor performance in the final grade twelve Physical
Sciences examination. They were only able to take science at university level because the
B Ed degree has considerably lower entry requirements than a Bachelor of Science degree.
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This means that, though they were typically hard-working, their learning of school
physical science was limited to memorization and ‘plug and chug’® strategies, and they
found it challenging to work with conceptual understanding in the university context. It
also means their conceptions of school science teaching and their emerging teacher
identities were limited by on their own experiences — their ‘imagination of the possible’
(Slonimsky, 2007) was constrained by limited role models, as illustrated by Figure 1 (page
1). In contrast, a handful of the students majoring in physical science came from milder
parts of the South African education system — from a range of multicultural schools, with

varied approaches to science teaching.

1.4.3 My Story

In Chapter 6 | will give the narratives of my sample, but here | give my own narrative.
This is important in narrative inquiry — the researcher’s biography is part of the story of
the research (Josselson & Lieblich, 1993; Riessman, 2005) such that “we see ourselves as
in the middle of a nested set of stories — ours and theirs” (Clandinin & Connelly, 2000, p.
63). | gave a part of my narrative at the start of this chapter where | talked about my own
realizations in teacher education, and here | give more. My story continues in the next

section where | try to make my subjectivity explicit.

| started out planning to be a nuclear physicist, and completed an honours degree in
physics paid for by the state nuclear facility, such scholarships being one of the benefits of
being a white South African under apartheid. However due to a cut in state expenditure on
nuclear energy, | was released from my obligations to my bursars at the end of my studies
and | switched to education in part because of a social justice agenda. A teaching
practicum at a township school made me realise | would need to start teaching in a well-
run school if | was to make a difference in education. | taught physical science for twelve

years at a well-resourced school which was a white school under the apartheid government

® “Plug and chug’ refers to a strategy often used for dealing with examination questions involving

calculations. The algorithm for this strategy is: 1) Write down all the values given in a question. 2) From the
units of these values, identify the associated symbols and the symbol of the unknown quantity. 3) Find a
‘formula’ on the information sheet which contains all these symbols. 4) ‘Plug’ the numbers into the formula.
5) ‘Chug’ through the calculation to get the answer. This strategy means that it is not necessary to actually
read the words surrounding the values in a question. But it is a strategy which ‘worked’ insofar as it

produced many correct answers in the national grade twelve Physical Sciences examinations.
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when | started in 1989 and a multicultural school under the new government when I
finished. | was employed by the University of the Witwatersrand at the beginning of 2002
which is when the former Johannesburg College of Education was incorporated into the

university.

I was immediately given all the physical science methodology classes to teach, with no
indication of what had happened previously in these courses. The assumption was that a
good science teacher would automatically know how to teach other science teachers.
Lecturers were left to figure out a pedagogy of teacher education for themselves, based on
their own experiences. Thus | drew largely on my own ideas in designing the methodology
courses. Over the last decade, the complexity of teacher education has come to be better
understood, both within the Wits School of Education and internationally, as | will explore
in Chapter 2.

I was also given all the physics courses to teach, a total of four half-courses in physics. In
contrast to methodology, the content of an undergraduate curriculum in physics is a fairly
standard offering worldwide, as evidenced both by undergraduate physics textbooks and
by presentations at the biennial International Conference on Physics Education (e.g.
Berrada, Ashraf, & Outzourhit, 2007). | felt the weight of this authoritative discourse in
selecting the content for my courses, though | believe that students should encounter the
strangeness of modern physics early on (Gundry, 2004). In the presentation of the content

| had the opportunity to model my conception of good science teaching.

| was involved in both iterations of B Ed curriculum design. For the first, I arrived once
the structure of the curriculum had been decided upon, and | was given the task of
deciding what content should go into physics courses. For the second, | was part of a think
tank which met weekly for a number of months during 2008, and which proposed the
eventual structure of the new curriculum. | was then involved in leading the

implementation of the first year of that curriculum.
In designing the physical science teaching methodology and physics courses for the

original B Ed degree, |1 worked from my own conception of science teaching and my own

notion of what student teachers need. The latter was based on my own experiences as a
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physical science teacher in a well-resourced school, my supervision of various student

teachers at that school, and the year which | had spent teaching HDE students.

| also led the team of secondary methodologists working across all disciplines in the
revised B Ed. In running a couple of workshops with this team, | realised that it was in our
subject methodology courses that we found ourselves most vulnerable. As we taught
people how to teach, we knew that they saw how we ourselves taught our disciplines — our
failings as teachers were out in the open for public consumption. Moreover, while in our
disciplines there was a canon of knowledge, teaching methodology lacks such a canon.
Overall I invested a lot of time and energy in trying to decide how best to prepare teachers.
| realised that the design of teacher education programmes is far from straightforward, a

point | explore further in section 2.5.

1.4.4 My Subjectivity

Peshkin (1992) argues that, since we cannot achieve objectivity in social sciences
research, we need to acknowledge and explicitly identify our subjectivities. In this way we
can bring to our research an awareness of the subjective lenses through which we view our
data and communicate our perspectives to our audience. Thus | will attempt here to
identify my own subjectivities with respect to my research project. | will identify four
identities which are relevant to my research: my science teacher self, my social justice

self, my methodology lecturer self and my researcher self.

| identify myself as a passionate science teacher. | derive meaning and satisfaction from
what I do in the classroom. | see conceptual understanding as the most important aspect of
learning physics. Thus | think constructivism is a useful theory for understanding how
learning in science happens and fails to happen. According to constructivism, learning is
not about merely adding new mental constructs, but changing existing ones in the light of
new evidence, a process called accommodation (Piaget, 1964). Thus learning happens
through individual meaning-making of the input which an individual apprehends, and a
person’s existing knowledge is central to the meaning-making process. | see
constructivism as particularly applicable to science because a lot of science knowledge is
counterintuitive, but is expressed in a form which seems to make sense, so that students do
not recognise that it conflicts with their beliefs about the world (Meyer & Land, 2006).

However constructivism does not explain lack of transfer of knowledge from one context
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to another. Influenced by phenomenography, | now see alternative conceptions not as

obstacles but as possible stepping stones to scientific conceptions.

How does this translate into what I do in the classroom? I try to facilitate students’ active
mental engagement with content in a variety of ways. Talking and writing are key to
meaning-making, so | give students opportunities to explain their understanding to a
partner, and to write in their own words. Tutorials where students work in small groups
are key because of the opportunity for talk and for active meaning making which they
provide, especially if students have first worked on problems on their own. | recognise that
students do not necessarily attach the same meaning to my words as | do, so | see pictures,
diagrams, demonstrations and hands-on engagement with apparatus as key to shared
understanding, and use such wherever possible. However | recognise that students do not
necessarily ‘see’ what I see, and so observation needs mediation. Demonstrations or
activities which use the ‘predict-observe-explain’ sequence are particularly useful: asking
students to predict what will happen makes them aware of their preconceptions, and
observation that is counter to what they expect creates the cognitive dissonance necessary
for accommodation. However because accommodation is effortful, students may find
other unscientific ways to explain or dismiss an observation. A key tenet of mine arising
from constructivism is that it is pointless to answer questions that students are not asking.
In practice this means setting up a situation which piques their curiosity or makes them
aware of what they don’t know. Situating physics in ‘real life’ examples helps. Finally I
believe that students need closure on the scientific view: they need clear feedback on

whether their ideas are right or wrong from a scientific point of view.

The above discussion is about facilitating conceptual understanding of physics. | also
believe it is important that students have the opportunity to ‘do’ science through
investigations which are as open as possible, and where they get to make decisions, rather
than following a recipe. My concern with practical work has been that they should not lose
sight of the big picture — the aim of the experiment — in the detail of taking measurements
and plotting graphs. In summary, | see both the understanding of science and the ability to
do science as key for science teachers, a prerequisite to their developing understanding

and skills in their learners.
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On the other hand, | am ambivalent about some of the curriculum innovations in science
education which | will discuss further in section 2.2.5. | feel the Nature of Science
movement (Abd-El-Khalick & Lederman, 2000) underplays the canon of accepted science
which classroom science mostly draws on. | recognise that argumentation (Erduran, 2004)
is important in establishing science knowledge, but know that both my students and I find
it difficult to distinguish between the different aspects of an argument, and | cannot see
how to incorporate it into my practice. I am also critical of the current South African
school physics curriculum, insofar as the goals of inquiry-oriented science and relevance
have been undermined by the sheer volume of content to be covered. Finally, while | am
concerned with alignment between teaching and assessment, and recognise the importance
of feedback and the role that assessment plays in shaping ‘what counts’, assessment is
something of a necessary evil in my experience of practice. | see marks as the currency of
education, and so | use marks to encourage students to engage in what I consider to be

sound learning practices, such as regular tutorial work.

I went into education because of my ‘social justice’ self, and so this is also key to my
teacher identity. | see quality science education as providing access to powerful
knowledge. | aspire to acknowledging the dignity of students in my interactions with
them, expressing warmth and acceptance, and | make the effort to learn as many names as
I can. Occasionally I refer to Indigenous Knowledge, thus acknowledging some students’
home cultures. | made a considerable effort to learn some Zulu in order to engage more
with students, and to understand how the grammar of African languages shapes
understanding in science. | encourage women in science, and take note of the gendering of

examples I give for homework and in assessment.

My science teacher identity was fairly stable over the period in which 1 lectured the
teachers in the sample in this study, having developed over the twelve years for which |
was a secondary school teacher. In contrast my methodology lecturer identity was still
developing, as described in the introduction to this chapter and in section 1.4.3. My
understanding of teacher education continuously evolved and was different when |

performed this research from what it had been when I taught the sample.

Another developing identity was that of my researcher self. This was in embryonic form
when | first started to work on a possible research proposal for this project in 2006, and is
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still developing at the end of this research project. I reflect on the development of this self
in the section 8.1. My researcher self therefore drew heavily on the other selves | have

described above.

| have referred to four of my identities: my science teacher self, my social justice self, my
methodology lecturer self and my researcher self. How did these affect my research? My
science teacher self focused on classroom interaction and the ways in which conceptual
understanding is developed — as is reflected in my first two research questions, about the
form and content of lessons. In answering my second question about the content of science
lessons, | focused on the scientific concepts, but glossed over what was communicated
about the nature of science or the way in which scientific knowledge was argued for. |
simply ignored assessment. My research was not concerned with whether teachers were
living up to the identities prescribed by the current curriculum or by any particular

curriculum innovation.

My social justice self included under-resourced township schools in the sample. This self
noticed attempts to connect with learners’ home knowledge, the use of different
languages, and the positioning and participation of girls. My social justice self wanted to
understand the meanings which teachers give to their work, so my research took an
interpretive approach, exploring conceptions and narratives. My social justice self would
like to have taken a more critical stance on education in South Africa but my researcher

self lacked the background and confidence to use critical theory.

My methodology lecturer self knew that conceptions of teaching and identity as teacher
are central to teaching, and so my research addressed these constructs, although initially
my researcher self shied away from identity as an analytical lens. | have identified some
ways in which my subjectivities have affected my research, but I recognise this list is not
exhaustive, and that an outsider is likely to see more than I can from my subject position.

| first attempted to capture my subjectivities when writing my research proposal, and
found it difficult to express as a coherent whole, although I recognised then that | was
ignoring assessment even though it is central to teaching and learning. Over the course of
this research project, my methodology lecturer and researcher selves were shaped by the
research as they responded reflexively to the research, and grew in the process. In
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reflecting at the end of this project on the impact of my subjectivity, 1 am surprised and
wryly amused at some of the ways in which my subjectivities have played out in the
course of my research. For example, initially I did not include a research question about
the content of science lessons, but | added it when | found that my first question about
classroom practice failed to address the conceptual knowledge which my science teacher

self sees as central to science teaching.

1.5 Conclusion

| started this chapter by noting both local and international calls for research into the
thinking and practice of teachers, particularly early career teachers. | have now painted a
picture of the national and local context in which that research need is situated — an
education system characterised by continual change, which has impacted me and to which
| have contributed locally. | have also presented my research questions which address that
research need and explicated concepts which are key to this research project: identity,

narrative and conceptions.

The rest of this thesis takes the story started in this chapter through to its conclusion. In
Chapter 2 | explore what theory and other research have to say about the complexity of
teacher learning. | explore my methodology in depth in Chapter 3, first constructing a
framework for thinking about the validity of my research, and then critiquing my research
in terms of that framework. There follow four chapters of data analysis which address
each of my four research questions in turn. In Chapter 8 | reflect on the research design,
and summarise and synthesise the results of my research in relation to my research
questions. Finally in Chapter 9 I consider how the research talks back to the field in regard
to teacher education and education more broadly, and then in regard to the context out of

which it came.
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Chapter 2: Literature Review

The goal of teacher education is to prepare teachers to teach effectively in schools. The
purpose of my study was to follow up teachers who had been through a particular
programme, and explore both their classroom practice and their thinking. This prompts the
question, how does teacher education relate to what actually happens in schools? This
suggests three further questions: what do teachers need to learn, how does that learning
happen, and hence what should happen in initial teacher education programmes? Taken
for granted in all of the above questions is that there is a shared understanding of what
teaching is. Hence a central question is: what is teaching? This question can be answered
from the perspective both of teachers and of education researchers. A related question is:
what counts as ‘good’ teaching? These six questions frame this chapter. The answers

encompass both educational theory and research into practice.

Teaching is a complex process, and to make sense of it is necessary to reduce the
complexity in some way:

It is only because teachers find ways of reducing the complexity by constructing
coherent, integrated ways of handling the complexity that they can cope and even
prosper in the unceasing flow of information in the classroom. (Hewson, Kerby, &
Cook, 1995, p. 517).

In a similar way, education researchers reduce the complexity of teaching by using
models. These models are a way of understanding the complexity of teaching by
simplifying it. But the boundaries of the various constructs used in these models are drawn
in different places by different experts, creating a different kind of complexity. In this
chapter I find my way through this complexity by engaging with different models and
bringing them into relation with each other, though the correspondence is never perfect.
Thus I acknowledge the differences and align myself with particular approaches.

2.1 Teacher Education and Learner Outcomes

There are different ways of understanding the relationship between teacher education and
school practice. This is significant insofar as the way one understands the relationship
frames the research questions that one can ask about the effectiveness of teacher

education. There are three types of models which can be used for understanding this
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relationship: simple, complicated and complex. | will explain each in turn and then
consider the implications of each model for research. In doing so | will draw on examples

both from pre-service and in-service teacher education.

2.1.1 Simple Models

If we want to achieve desirable outcomes in learners, then few would disagree that we
need good teachers engaging in sound educational practices in their classrooms. Using the
same logic, if we want good teachers, we need a good teacher education programme. In
other words, it could be argued that if we put the right inputs into teacher education, we

will get the right outputs from the school system, as illustrated in Figure 2.

Good teacher .| Good .| Good | Desirable
education "|  teachers | classroom "] outcomes
programmes practice in learners

Figure 2: A simple model of education

Similar one-way flowcharts are used to illustrate the logic implicit in in-service teacher
professional development by Clarke and Hollingsworth (2002) and Supovitz and Turner
(2000), illustrated in Figure 3 and Figure 4 respectively. Supovitz and Turner explain their
diagram as follows:

The implicit logic of focusing on professional development as a means of
improving student achievement is that high quality professional development will
produce superior teaching in classrooms, which will, in turn, translate into higher
levels of student achievement. (p. 965).

This Newtonian cause-and-effect model is appealing: those involved in initial or in-service

teacher education dearly want to have a significant positive impact on the youth.

Change m
Student
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Classroom
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Figure 3: An implicit model of the purpose of teacher professional development (Clarke &
Hollingsworth, 2002, p. 949)
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Figure 4: Model depicting theoretical relationship between professional development and student

achievement (Supovitz & Turner, 2000, p. 965)

2.1.2 Complicated Models

However it is not difficult to critique these simple models: at every stage there are more
inputs than the ones shown on the diagrams. A teacher is not only a product of her teacher
training but also of her own schooling, family and culture. What happens in a classroom is
not only a function of what the teacher does but also of what the learners do, and the
culture and resources of the school and community. And like their teachers, learners are
not simply the products of their classrooms. The reality is considerably more complicated

than these simple models suggest.

Rogan and Grayson’s (2003) Theory of Curriculum Implementation illustrated in Figure 5
provides a possible model for such a complicated system. This theory was developed in
the context of in-service teacher professional development, but applies well to new
teachers. The ‘profile of implementation’ in this model is the classroom practice of new or
experienced teachers measured in terms of a new curriculum. This ‘profile of
implementation’ affects and is affected by ‘outside influences’, and the ‘capacity to
innovate’. Unlike Figure 3 and Figure 4, ‘professional development’ is only one of several
‘outside influences’ which work together with the ‘capacity to innovate’ to affect what
happens in the classroom. This model stops short of the learners but usefully illustrates a

complicated view of the inputs to classroom practice.

Although the model is complicated, it is still possible to investigate relationships between
different constructs, using the tools of statistics, as Rogan and Aldous (2005) have done.

Their research has been useful in understanding the gap between the intended curriculum
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and the enacted curriculum in South Africa. So the model, while complicated, is still
deterministic, and can be used to make predictions about the effect of various inputs in

aggregated terms.
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Figure 5: Rogan and Grayson's Framework as illustrated by Rogan and Aldous (2005, p. 314).

2.1.3 Complex Models

A third way of viewing education is as a complex system. Complexity science is used to
describe complex systems and is used in a wide range of contexts. A bee colony is an
example of a complex system — there is no top-down organization (the queen bee’s role is
merely reproductive) but the highly-organised system emerges from the action of
individual bees. The whole is more than the sum of its parts, and its functioning cannot be
explained by breaking it down into its constituent pieces the way a machine can. A
complex system is emergent and adaptive: emergent insofar as its structure emerges in a
bottom-up direction from the interactions of actors within the system, and adaptive insofar
as it changes over time in response to outside influences or perturbations (B. Davis &

Simmt, 2003). A complex system is not predictable: because of the agency of the actors in
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a complex system, similar inputs will have different effects. Moreover a small change in

initial conditions may have a large, unpredictable effect — the so-called ‘butterfly’ effect’.

Complexity science rings true for education where my experience is that policies and
government departments have little effect on the personalities of schools, which arise
instead from the actions of the teachers and learners within schools. Enactivism is a
learning theory arising out of a complexivist view of education which:

looks at each learning situation as a complex system consisting of teacher, learner
and context, all of which frame and co-create the learning situation. The teacher, at
best, can only perturbate the learners who will take on board what they are able to
embrace at that moment as a result of their current predisposition from biological,
historical and other contextual factors. (Breen, 2005, p. 240).

This view of education is valid both for school classrooms and for the classrooms of
teacher education. Inputs in pre-service education are perturbations which affect different
students differently, depending on their biological make-up and personal histories.
Moreover, the subsequent enactment of pre-service learning by teachers is co-constructed
with their learners in the contexts of different schools. Thus the ‘teacher factors’ and the
‘learner factors’ in Rogan and Grayson’s framework assume greater importance — the

agency of the teacher and learners is central.

Such a complexivist view is reflected in Prosser and Trigwell’s (1999) Constitutionalist
model of learning, Figure 6, which emerged from phenomenographic research into
conceptions of teaching and learning. Within a particular ‘learning and teaching context’
such as a science classroom, each ‘student’s situation’ is unique. Each student has her own
set of prior experiences which affect her perception of the current context. The
foregrounding of a student’s perceptions of her situation has resonance with Brousseau’s
notion of the implicit ‘didactic contract’” whereby both teacher and learners have
expectations of their own and each other’s roles in the classroom (Brousseau & Balacheff,
1997). At the same time the current context affects which aspects of a student’s prior
experience are salient. The student’s perception of the situation affects for example
whether she will take a ‘surface’ or ‘deep’ approach to her learning, which affects her

learning outcomes. There are no arrows in this model because Prosser and Trigwell argue

"The ‘butterfly’ effect refers to the question “Does the flap of a butterfly's wings in Brazil set off a tornado in

Texas?” posed by one of the pioneers of Chaos Theory in 1972 (Lorenz, 2000, p. 91).
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“From the constitutionalist perspective, we consider students’ prior experiences,
perceptions, approaches and outcomes to be simultaneously present in their awareness” (p.
17). Prosser and Trigwell developed this model in the context of higher education, which
implies it is applicable to student teachers. But it can also be used to think about secondary

school science classrooms.

Learning and teaching context
Student’s
prior Student’s
experience approaches
to learning
Student’s
perceptions of
their situation
Student’s
Student’s learning
Situation outcomes

Figure 6: A constitutionalist model of student learning (Prosser & Trigwell, 1999)

Another example of a complex model is Clarke and Hollingsworth’s (2002) model of
professional growth, Figure 7, which they see as an improvement on Figure 3 above. The
dimensions in this model correspond to the four circles in Figure 3, but the arrows go in
many directions and reflect the agency of the teacher in enacting and reflecting so that
“This model recognises the complexity of professional growth through the identification
of multiple growth pathways between the domains” (p. 950). Overall, a complexivist view
of education takes into account both the agency of the individual, and her past and present

contexts.

The interplay between agency and context is complex. From a complexivist perspective,
the structure of a context emerges from the actions of individuals within that context.
However an individual experiences the combined actions of other individuals as the
structure of that context. The structure of the context imposes constraints on the agency of
the individual: the power of the individual to act is constrained by the power or structure
of the context. However some agents within a context have more power than others. This
means that the relative weights of context and agency differ for different people in a

particular context, and for the same people in different contexts. Sociology offers ways to
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understand the interplay between agency and the structure of a context: “Theorising the
interplay of structure and agency is the quintessential focus of sociological endeavour”
(Willmott, 1999).
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Figure 7: The interconnected model of professional growth (Clarke & Hollingsworth, 2002, p. 951)

The sociologist Bourdieu notes that “Every established order tends to produce (to different
degrees and with very different means) the naturalization of its own arbitrariness.” In other
words people in a culture or institution perceive that ‘the way things are’ socially is
natural, and the only way the social order could be. The reification of structure is the way
in which those with more power maintain and use their power — they exert power by
hiding behind reified structures which legitimate their power. As a result of the
naturalisation of the social order, each person has a set of unconscious culturally
determined, taken-for-granted dispositions to act in certain ways, which Bourdieu calls
‘habitus’. Habitus is the unconscious internalisation of the external structure. I see
conceptions of teaching as an aspect of habitus insofar as they comprise unguestioned
beliefs and ways of acting as a teacher. A context limits agency by limiting the roles or
identities available as part of the ‘natural’ order. An individual may be unaware of the
extent to which her context structures her identity. However, as mentioned in section

1.2.1, identities also facilitate agency in contexts — they provides a means for individuals
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to negotiate the power of the context. Overall complex models best reflect this interplay

between structure and agency.

2.1.4 Discussion

| have presented six models of factors affecting classroom outcomes, and classified them
as simple, complicated or complex. The model that | use to think about teacher education
affects the research questions which | can legitimately ask. If | regard education as a
simple system, | can ask: what effect will a particular pre-service input have on future
classroom practice? If | take education to be a complicated system, | can ask questions
about such effects in aggregated terms. But if | regard education as a complex system,
then | cannot establish causal relationships: it is not possible to predict the effect of any
one input. This does not mean that inputs have no effect, but rather that the effect is
complex. The kind of question which can legitimately be asked is: which perturbations in
teacher education are likely to have productive outcomes even if those outcomes are

different for different students?

The above questions are reflected both in the development of theories of learning and in
the history of teacher education research in America. With regard to theories of learning,
Hammerness et al. note:

psychologists have moved from a behaviorists’ quest for a direct relationship
between stimulus and response, to a cognitive psychologists’ exploration of how
individual learning unfolds, to the broader focus offered by sociocultural theory on
the contexts and conditions that promote learning. (2005, p. 389).

With regard to the history of teacher education research, Cochran-Smith and Fries (2008)
identify that early research into teacher education saw teacher education as a curriculum
problem — a problem of identifying the right content for teacher education. This content
was based on the characteristics of effective teachers, with the assumption that if these
characteristics were taught to teachers, effective classroom practice would follow —
consonant with a simple model of education. Subsequent research focused on what
methodologies to use to teach this content most effectively, reflecting a more complicated
understanding of teacher education. From the 1980s there was awareness that learning to
teach is a complex process, and so understanding how teachers learn to teach was on the
research agenda. But much American research in the past twenty years has reverted to a
simpler model, looking for policies in teacher education which lever up maximum

improvement in classrooms. This last shift involves a move towards large scale
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quantitative studies which provide the data demanded by ‘evidence based’ policies. Such

policies tend to ignore the differences in individual contexts.

My research is founded on an understanding of learning to teach as a complex process
with context playing a significant role, as I will explain later in this chapter when | explore
in some depth how teachers learn to teach. This means that | will be using
phenomenography and narrative research to understand a complex situation. So it is
appropriate to ask: how does complexity science sit with phenomenography and narrative
research? Complexity science, phenomenography and narrative research have the same
epistemological stance: what counts as a relevant world is inseparable from the perceivers.
Moreover Davis and Simmt, in relating complexity science to mathematics education,
argue that:

We might say that complexity science is more a meta-discourse, useful for reading
across theories that are concerned with different levels or aspects of complex,
nested learning systems (2003, p. 142).

They claim that complexity science recognises different approaches as appropriate to use
in answering different questions, and it is unproductive to attempt to integrate theories.
Moreover the complexivist view of identity is consistent with my view of identity as
constructed in contexts (section 1.2.1): “who we are arises in our moment-to-moment
coping with the contingencies of our existences” (B. Davis, 2004, p. 213). | conclude
therefore that phenomenography and narrative research are consistent with a complex

view of teacher education.

2.2 What is Teaching?

At the start of this chapter, | said | would answer some questions relating to teacher
education, but that a more fundamental question is: what is teaching? | will answer this
question first from the perspective of teachers, by looking at the conceptions of teaching
which teachers have, and then look at the terms which education researchers use to
describe the work of teaching. Thereafter | will consider some conceptions related to
teaching. Finally I will zoom in on the notion of ‘good’ teaching, and in particular good

science teaching.

2.2.1 Conceptions of Teaching

Kember (1997) and Prosser and Trigwell (1999) report on a variety of phenomenographic

studies which look at the conceptions of teaching of university lecturers. The studies
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typically find a hierarchical outcome space, with a conception of teaching as ‘information
transmission’ at the bottom of the hierarchy, and teaching as ‘conceptual change’ at the

top, for example:

F: helping students change conceptions

E: helping students develop conceptions

D: helping students acquire teacher knowledge

C: helping students acquire conceptions of the syllabus
B: transmitting the teacher’s knowledge

A: transmitting the concepts of the syllabus (Prosser & Trigwell, 1999).
This outcome space is hierarchical insofar as higher conceptions include lower
conceptions, thus teachers who demonstrate higher order conceptions have a range of
conceptions on which they can draw. Often the conceptions at the top of the hierarchy are
characterised as learner-centred, while those at the bottom are characterised as teacher-

centred.

These conceptions emerged from research with experienced tertiary teachers, but a few
studies have looked at secondary teachers. One phenomenographic study looked at the
conceptions of teaching and learning of sixteen Australian secondary school teachers
(Boulton-Lewis, Smith, McCrindle, Burnett, & Campbell, 2001). The lowest conception
of teaching in the hierarchy of their outcome space is similar to that of the outcome space
described above, namely ‘transmission of content / skills’. But the conception at the top of
the hierarchy is ‘transformation of students’. My observation is that this reflects that
teachers hold two things in focus: their learners and their subject, but as one moves up the
education system, the emphasis of teachers tends to shift from learners to subject. So in
general secondary teachers place more emphasis on learners than do tertiary teachers.
Hence the conception at the top of the Boulton-Lewis et al. hierarchy is entirely about
students — ‘transformation of students” — whereas the conception at the top of the Prosser
and Trigwell hierarchy also has knowledge in focus: ‘helping students change
conceptions’. Secondary and tertiary teaching are also different insofar as in tertiary
teaching the teachers own the curriculum, whereas in secondary teaching the state owns

the curriculum.

The above studies were not specifically about science teachers. A large-scale
phenomenographic study which looked at the conceptions of Chinese secondary physics
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teachers found some conceptions similar to those above as well as conceptions not
uncovered in western contexts: teaching as examination preparation, teaching as ‘attitude
promotion’ which relates to “changes in students’ attitudes to learning” (Gao & Watkins,
2002, p. 66) and teaching as guiding learners as to how to conduct themselves. These
conceptions derive from Chinese cultural emphasis on examinations and behaviour.
Aguirre, Haggerty, and Linder (1990) explored pre-service secondary science teachers’
conceptions of teaching, but only found two conceptions, one teacher-centred, and one
learner-centred. Another study looked at the conceptions of teaching of three science
teachers in an alternative certification programme (Koballa, Glynn, Upson, & Coleman,
2005).

All of the above conceptions of teaching are about the purpose of teaching. One could
argue that there is more to a teacher’s experience of teaching than the purpose of teaching.
But from the above | conclude that what has emerged consistently over many different
contexts is that the driving purpose behind teaching is key to how teachers experience
their teaching.

Some researchers outside of phenomenography have also looked at teachers’ conceptions
of teaching. Fox (1983) gave four ‘theories’ of teaching: teaching as transfer of
knowledge; teaching as shaping students into a particular mould; teaching as travelling —
taking students on a tour of the subject; and teaching as growing students. Hobden (2000)
used metaphor to explore South African mathematics student teachers’ beliefs about
teaching, and classified them according to Fox’s categories. Hoban (2005) identified four
conceptions of teaching: teaching as craft, labour, profession or art. Whereas the first two
conceptions emphasise technical skills mastered over time, the latter two recognise that
the classroom is a complex space where personal judgement is important. Mellado (1998)
explored the conceptions of two primary and two secondary pre-service science teachers,
and expressed their conceptions in terms of teaching sequences. Hewson, Kerby and
Cook (1995) looked at the conceptions of teaching held by secondary science teachers,
finding conceptions which are multidimensional and unique to each teacher. Skamp’s
(1995) investigation into pre-service primary science teachers’ conceptions of ‘good’
science teaching produced a list of criteria by which his sample judged good science

teaching.
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Overall while conceptions of teaching have been researched extensively at the tertiary
level by phenomenographers, at the secondary level there are few studies either inside or
outside of phenomenography, and most of these are not specific to science teachers.
Moreover only one of the studies mentioned above looked at conceptions in the South
African context, and this was done using metaphor not phenomenography. My fourth
research question addresses this gap by asking what conceptions South African secondary

science teachers have of science teaching.

2.2.2 What’s in a Conception?

Phenomenographers see two aspects to conceptions: the referential aspect and the
structural aspect. The referential aspect is the meaning of the conceptions, whereas the
structural aspect is the internal structure of the individual conceptions and the external
structure of the conceptions in relation to each other in the outcome space (Marton &
Booth, 1997). In the previous section, | considered the referential aspect and the external
structure of the conceptions in relation to each other. I now turn to the internal structure of

the conceptions.

Out of their work on conceptions of teaching, Prosser and Trigwell (1999) developed the
‘Approaches to Teaching Inventory’ which consists of sixteen statements with a Likert-
type scale. They categorise half the items as being about intentions and the other half as
being about strategies. But Norton, Richardson, Hartley, Newstead and Mayes (2005)
criticise this classification, and claim that Prosser and Trigwell’s intention items are in fact
beliefs about teaching, and their strategy items are teaching intentions. Thus the
breakdown suggested by Norton et al. is:

conception = beliefs + intentions

Working from their belief-intention premise, Norton et al. used a questionnaire to find
differences between beliefs and intentions and concluded “teachers’ intentions represent a
compromise between their conceptions of teaching and their academic and social context”
(2005, p. 564). This resonates with Samuelowicz and Bain’s earlier observation of:

the possibility that academic teachers might have both 'ideal' and 'working'
conceptions of teaching. It seems, from the limited data available, that the aims of
teaching expressed by academic teachers coincide with the 'ideal' conception of
teaching whereas their teaching practices, including assessment, reflect their
working conception of teaching. (1992, p. 110).
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Koballa et al. (2005) also found working and ideal conceptions of teaching with three
novice teachers. This discrepancy between beliefs and intentions suggests that an
analytical breakdown of conceptions into the constituents of beliefs and intentions is
appropriate. Outside of phenomenography Pajares (1992) notes that in research into
students’ conceptions of scientific concepts, the term ‘conception’ is a “broader construct”

(p. 320) which includes beliefs.

Ajzen’s Theory of Planned Behaviour (section 2.2.2) also makes the distinction between
beliefs and intentions. This theory is a tool used in psychology for investigating the beliefs
which drive behaviour. Implicit in this theory is the assumption that people behave in
ways which make sense to them. According to Ajzen’s model, a person’s beliefs inform
her intention to act in a certain way, and her actual behaviour is determined by her
intention as well as by her behavioural control, both perceived and actual. Ajzen breaks
down the construct of belief into three categories of beliefs which inform a person’s
intention to act in a certain way. The first category is behavioural beliefs, which are beliefs
about the value of certain behaviours, for example beliefs about the effectiveness of
various classroom pedagogies. The second category of beliefs is normative beliefs which
are beliefs about the behaviours which society require, for example beliefs about what the
department of education, the curriculum and a particular school expects of teachers. The
third category of beliefs is control beliefs which are beliefs a person has about her ability
to implement the behaviours. These are related to the actual behavioural control she has in
a particular context but what is more important than the actual behavioural control is the
perception of that control. All three categories of belief are context dependent — the
context imposes norms and constraints on a teacher, thus affecting her normative and
control beliefs, and affects her behavioural beliefs, i.e. what a teacher thinks will work in a
particular context. The Theory of Planned Behaviour is a simple causal model, but the
reality is complex, for example classroom experiences act back on and change teachers’
beliefs. Nonetheless it adds weight to my decision to explore not only classroom practices
but the conceptions (comprising beliefs and intentions) behind those practices, and draws

attention to the role of context in beliefs and intentions, consistent with phenomenography.

A group of American researchers working with Ajzen’s Theory of Planned Behaviour
have done research in science education similar to the phenomenographic research into

beliefs and intentions. They have statistically analysed the relationship between science
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teachers’ beliefs and intentions regarding aspects of curriculum reform. They found that
control beliefs had the greatest effect on intentions to implement Science, Technology and
Society approaches (Lumpe, Haney, & Czerniak, 1998) whereas behavioural beliefs had
the greatest effect on intentions to implement other aspects of reform (Haney, Czerniak, &
Lumpe, 1996). A later qualitative study compared the beliefs and classroom actions of a
group of four teachers, and distinguished between central beliefs which affect practice and
‘peripheral’ beliefs (Haney & McArthur, 2002).

Beyond phenomenography and Theory of Planned Behaviour research, different
researchers use the term ‘beliefs’ differently (Kagan, 1992a; Pajares, 1992), although
Pajares’ (1992) review of research into teachers’ beliefs concludes that all are agreed that
beliefs “play a critical role in defining behaviour” (p. 325). Two large scale American
projects have explored science teachers’ beliefs. Although neither project is explicit about
the intentionality of the beliefs, both in fact look at beliefs about teaching and learning.
The first is the Salish I project which used the Teacher’s Pedagogical Philosophy
Interview to explore teacher’s beliefs, and categorised them as teacher-centred, learner-
centred, conceptual or ‘wobbling’ between views (Simmons et al., 1999) — this last
category is consistent with the phenomenographic view that a person may conceptualise a
phenomenon in more than one way, depending on the context. The second project
developed the Teacher Beliefs Interview which allocates respondents into one of five
categories, ranging from teacher-centred ‘traditional’ to learner-centred ‘reform-based’
(Luft & Roehrig, 2007). In summary research into teachers’ beliefs about teaching has
yielded similar categories to phenomenographic research into teachers’ conceptions of

teaching.

However the ‘beliefs’ researchers do not see hierarchy in the same way as the
phenomenographers: while the ‘beliefs’ researchers see learner-centred beliefs as superior
to teacher-centred beliefs and so see them as hierarchical in that sense, they do not include
teacher-centred beliefs in learner-centred beliefs in the way that phenomenographers
include teacher-centred conceptions in learner-centred conceptions in their hierarchy. So
while the categories are similar, the relationships between the categories are different in
the two bodies of research. Nonetheless the similarity between the two bodies of research
is striking, and hence it seems that ‘beliefs’ is the preferred American term for what are

referred to as conceptions elsewhere.
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2.2.3 Conceptions Related to Teaching

Phenomenography has also explored other conceptions related to teaching, such as
conceptions of learning and conceptions of various disciplines, and the correlations
between different conceptions. There are strong correlations between conceptions of
learning and conceptions of teaching (Prosser & Trigwell, 1999). Academics with
integrated conceptions of their disciplines are more likely to have a ‘conceptual change’
conception of teaching (Prosser, Martin, Trigwell, Ramsden, & Lueckenhausen, 2005).
Entwistle and Walker (2000) propose that teachers’ epistemological understandings of
their subjects underlie their conceptions of teaching and learning — teacher-centred
conceptions are based on a view of knowledge as absolute, whereas learner-centred
conceptions are based on a relativist view of knowledge.

Outside of phenomenography, teachers’ conceptions of science have been investigated in
research into teachers’ understanding of the Nature of Science (see section 2.2.5).
Windschitl (2002) investigated the conceptions which six student teachers had of inquiry.
Teachers also have beliefs about the purpose of laboratory work which are often at odds
with their students’ beliefs about the purpose of such (Berry, Mulhall, Gunstone, &
Loughran, 1999). Although these various conceptions affect the way teachers go about

their work, they are not the subject of my research.

2.2.4 Teaching as Transformation

A look at the conceptions which teachers have of teaching prompts the question, what
conceptions do researchers have of teaching? In this section | will explore terms which
education researchers use for teaching. Education researchers agree that teachers do not
simply present knowledge but act on it some way. There are various words which get used
for this process, for example transformation, unpacking and transposition. Each of these
has a metaphorical reference to an action on an object. Transformation implies that the
object is changed; unpacking conjures an image of unpacking a suitcase; and transposition

implies the moving of an object from one position to another.

Lakoff and Johnson (1980) point out that much of our everyday thinking and language is
metaphorical though we often don’t notice it. Metaphor is helpful in providing a bridge
between what we know and what we don’t yet know (Sfard, 2000b) since “The essence of

metaphor is understanding and experiencing one kind of thing or experience in terms of
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another” (Lakoff & Johnson, 1980, p. 455). But the metaphors we choose open up some
possibilities and close down others.

The very systematicity that allows us to comprehend one aspect of a concept in
terms of another (e.g. comprehending an aspect of arguing in terms of battle) will
necessarily hide other aspects of the concept (Lakoff & Johnson, 1980, p. 458).

Hence | see the choice of the word for what teachers do as significant, and will explore

each of the three options (transformation, unpacking and transposition) in more detail.

Before | do so, | note that all three metaphors for teaching treat knowledge as an object,
and so fit with a metaphor of learning as acquisition rather than learning as participation.
Sfard (1998) warns that both metaphors are needed for a full understanding of learning.
The ‘learning as acquisition’ metaphor aligns with the ‘conduit metaphor’ of teaching

identified by Reddy (1979).

The first word I consider is ‘unpacking’. Ball and Bass see unpacking as distinctive of the
mathematical work of teachers. They explain:

a powerful characteristic of mathematics is its capacity to compress information
into abstract and highly usable forms. When ideas are represented in compressed
symbolic form, their structure becomes evident, and new ideas and actions are
possible because of the simplification afforded by the compression and abstraction.
Mathematicians rely on this compression in their work. However, teachers work
with mathematics as it is being learned, which requires a kind of decompression, or
“unpacking”, of ideas. (2002, p. 11).

This compression is also true of the physical sciences, where those initiated into the
discourse can read a significant volume of information from a chemical equation, the
periodic table or a physics formula. A science teacher decompresses or unpacks these
representations to make the information accessible to novices. But there are also times
when teachers compress their complicated knowledge into a simple model because the
model is easier to work with. For example, teachers represent an atom as a single particle,
when in fact the structure of the atom is a complex structure of many particles. Thus
teaching science involves more than unpacking, and so | see the metaphor of unpacking as

too limited to describe the work of science teachers.

With regard to ‘transposition’, French education researchers talk of the ‘transposition

didactique’ or didactic transposition (Chevallard, 1987). Transposition suggests that the
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object which is moved is unchanged in the move. However | note that the didactic
transposition is often explained by using the term ‘transformation’, for example:

The transposition didactique [...] has become a well-used label for the
transformation of expert awareness (subject matter as it stands to the specialist)
into instruction in behaviour (as it is construed by the student). (Mason & Spence,
1998, p. 343, emphasis added).

One could argue then that the use of the word of transposition reflects a limitation of
translation, although transformation is also a word in French. This points to

‘transformation’ as a more appropriate term.

Bernstein talks of “the transformation of knowledge into pedagogic transformations”
(1996, p. 39) and reifies this transformation as the ‘pedagogic device’. Geddis and Wood
(1997) claim that “Shulman’s conceptualisation of teaching as the transformation of
subject matter into forms accessible to the learner has provided a fruitful way of framing
the pedagogic exercise” (p. 612, italics in original). They reference Shulman’s (1987)
‘model of pedagogic reasoning and action’ but this model involves six steps:
comprehension, transformation, instruction, evaluation, reflection, and new
comprehension. In other words transformation is only one of these six steps, and is distinct
from and precedes instruction. Shulman sees transformation as involving the critique and
selection of texts, representations such as analogies and demonstrations, teaching
strategies, while adapting these to the teaching context by taking into account learner
characteristics. So Geddis and Wood elevate transformation to capturing the whole
process of teaching, which was not how Shulman used it. My use of transformation is
consistent with Geddis and Wood’s approach, as I found that transformation proved a
useful metaphor to use with student teachers, as they thought about teaching chemical
equilibrium (Mavhunga & Rollnick, 2012).

The limitation of the transformation metaphor is that it could be interpreted as implying
that the teacher’s knowledge no longer exists in its original form. In fact at the end of the
transformation there are two objects: the teacher’s knowledge and her didactic offering.
The didactic offering is not a replica of the teacher’ content knowledge, and so that is the
sense in which transformation happens. The teacher may not perceive the distinction
however: Rollnick, Mundalamo, and Booth (2012) found that teachers apprehended new
content by thinking about the teaching of it. Furthermore, teaching may lead to change in
the teacher’s knowledge (Akerson, 2005; Gess-Newsome, 1999b).
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Teaching as transformation reflects a particular paradigm. In regard to paradigms, Davis
(2004) presents a fascinating ‘genealogy’ of teaching. He identifies two conceptions of
teaching in the spiritual domain and a further six conceptions external to it: instructing,
training, facilitating, empowering, occasioning and conversing. He links these to the
paradigms out of which they have come, namely rationalism, empiricism, structuralism,
post-structuralism, complexity science and ecology respectively. Teaching as
transformation fits most closely with the facilitating conception which includes mediating
and modelling, and which comes from a structuralist paradigm, which is where Davis
locates constructivism. This means that the metaphor | am choosing for teaching is not
that of complexity science, although like the occasioning of complexity science,
facilitating is creating conditions where learning is likely to happen, though the outcomes
cannot be predicted. But from a complexivist view Davis suggests “Teaching and learning
are not about convergence onto a pre-existent truth, but about divergence — about
broadening what is knowable, doable and beable” (p. 184). In contrast school learning is
about convergence onto the knowledge defined in the curriculum, and so in such a context

| contend that a metaphor of teaching as facilitation or as transformation is appropriate.

2.2.5 Good Science Teaching

I have considered teachers’ conceptions of teaching and the metaphors which researchers
use for teaching. But I have not considered what counts as ‘good’ teaching. In this section
I will consider various notions of good science teaching. Embedded in the notion of a
good science teacher is the notion of a good teacher generally, for example, one who
displays a high standard of professionalism. The current South African school curriculum
considers a good teacher to be one who is learner-centred. But | focus here on that which

is distinctive of good science teaching.

In the various science education reforms since the 1960s, there have always been two
main goals of science education: science for scientists and science for all (Fensham,
1988). In other words, school science needs to provide the scientists and engineers of the
future, as well as educate its citizens to participate in democratic processes in an
increasingly technological world. The first goal provides for an elite; the second goal is

about meaningful science for all.
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These aims are good, but they sit in tension. Science for scientists needs strong
classification in Bernstein’s (1996) terms whereas science for all implies weak
classification. Strong classification means that there are strong boundaries between
science and other subjects so the content is constituted in terms of the structure of the
discipline, with a focus on scientific concepts and theories. Thus students are given
‘epistemological access’ (Morrow, 2007) to the disciplines of science, and are able to
work powerfully with the paradigm which science offers. On the other hand, weak
classification means porous boundaries between science and other subjects, and between
school knowledge and home knowledge. Thus students are able to make connections
between science and other subjects, and between school and home. Weaker boundaries are
exemplified in a Science-Technology-Society approach (Solomon, 1993). Strongly
bounded content is constituted differently from weakly bounded content, both in scope
and structure, and so the two goals of science education sit in tension with each other
(Bernstein, 1996).

These two goals are evident in the current South African curriculum: the grade 7-9 Natural
Sciences curriculum is an example of an integrated curriculum, with the science
disciplines (physics, chemistry, life science and earth science) integrated around four
themes (Department of Education, 2002). For example, the ‘Energy and Change’ theme
considers the political and environmental consequences of energy access and use, thus
constituting a weak boundary between science and energy use in daily life. In contrast, the
physics content of the grade 10-12 Physical Sciences curriculum is similar in nature to the
content of a first year university course in science, and is organised according to the
traditional structure of the discipline (Department of Education, 2003).

The shift in emphasis from Natural Sciences to Physical Sciences could be argued to be
appropriate since all school learners take Natural Sciences, but less than half take Physical
Sciences beyond grade nine.® However, while Physical Sciences theoretically provides

access to science in higher education, few learners achieve the level of science in their

8For example, 41 % of all who wrote the grade twelve examinations in 2008 wrote Physical Sciences
(Department of Education, 2008)
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school leaving examination which is required for entrance into higher education.’ So the
Physical Sciences curriculum serves the interests of a minority of the learners who study
it. In addition the pre-2011 curriculum statements for Natural Sciences and Physical
Sciences were not internally consistent: they both reflected diverse competing voices (W.

Green & Naidoo, 2006; Ramsuran, 2005) and thus sent mixed messages to teachers.

In addition to the tension between ‘science for all’ and ‘science for scientists’, there have
been various other curriculum innovations in science. A book intended for science
teachers entitled Improving Science Education (Erickson, 2000) contains the ‘usual
suspects’ in addition to science for all: teaching about the Nature of Science, teaching
argumentation, and cultural border crossing. | will discuss each of these in turn, relating

them to the South African curriculum.

Researchers argue that the Nature of Science, particularly its changing and contested
nature, needs to be explicitly taught — learners do not come to a sophisticated
understanding of the Nature of Science by being taught the canon of science (e.g. Flick &
Lederman, 2004). Teachers also have a limited understanding of the Nature of Science
(e.g. Abd-El-Khalick & Lederman, 2000). In South Africa, research on understanding the
Nature of Science is linked to Indigenous Knowledge Systems (IKS) (Ogunniyi, 2008;
Vhurumuku & Mokeleche, 2009). One of the principles upon which all South African
school curricula are supposed to be based is ‘valuing IKS’ (Department of Education,
2003). Researchers at the Science and Indigenous Knowledge Systems Project at the
University of the Western Cape use a Dialogical Argumentation Instructional Model to
incorporate IKS into science lessons, and describe how they have used this with teachers
and learners with topics such as fermentation (Diwu, Ogunniyi, & Langenhoven, 2011),
and lightning (Hlazo, Ogunniyi, & Afonso, 2012; Langenhoven & Ogunniyi, 2011). They
argue that understanding the difference between IKS and science provides a way into both

understanding the Nature of Science and valuing IKS.

The Science and Indigenous Knowledge Systems Project also draws on the idea of

explicitly teaching argumentation, specifically Toulmin’s Argumentation Pattern, which

® For example only 29 % of those who wrote the 2008 grade twelve Physical Sciences examination achieved
40 % or more (Department of Education, 2008).
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sees a good argument as containing a claim justified by warrants linked to evidence, and
rebuttals of counterclaims (Erduran, 2004). The benefit of explicitly teaching
argumentation to learners is that they become better at science, as well as gaining a better
understanding of how science works with evidence, i.e. an aspect of the Nature of Science
(Diwu et al., 2011; Hlazo et al., 2012).

The understanding of other ‘ways of knowing’ exemplified by the South African school
curriculum’s IKS principle also underpins research into cultural border crossing, which
recognises that the culture of the science classroom may be very different from a learner’s
home culture, thus necessitating a ‘border crossing’ every time the learner enters the
science classroom (Aikenhead, 2001). The further apart the two cultures, the more
difficult the border crossing. Jegede’s (1995) theory of Collateral Learning illustrates the
different types of learning which occur for students for whom the gap is large. For
example, parallel collateral learning occurs when a student learns science concepts but
does not allow them to interact with their cultural knowledge and so holds their culture
and science separate and parallel. The difference in the home and school cultures is
understood as coming from two different world-views: science is based on the Cartesian
duality of body and spirit (dualism) whereas aboriginal cultures are based on monism
(Onwu & Mosimege, 2004). This difference in world views is recognised in the current
South African Natural Sciences curriculum: “One of the differences between modern
science (and technology) and traditional, indigenous knowledge systems is that they have

their origins in different world views” (Department of Basic Education, 2011a, p. 21).

Teaching about the Nature of Science and argumentation are both in part intended to help
learners understand what scientists do. An earlier innovation with the same intention, and
which has greater currency in curricula in English speaking countries than any of the
above innovations, is inquiry-oriented science (Minner, Levy, & Century, 2010). This
affords learners the opportunity of ‘doing’ science through investigations instead of only
learning about it. One of the three Specific Aims for the South African Natural Sciences
curriculum is in line with this trend:

Specific Aim 2: Investigating phenomena in Natural Sciences Learners must be
able to plan and carry out investigations as well as solve problems that require
some practical ability. This ability is underpinned by an attitude of curiosity and an
interest in wanting to find out how the natural world works. (Department of Basic
Education, 201143, p. 18).
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Inquiry-oriented science builds on the 1970s Nuffield Science programme in the United
Kingdom which emphasised practical work in science (Fensham, 1988), but the emphasis
is on inquiry, rather than on following recipe-type instructions. Science education
researchers have also considered learning outside the classroom, for example on museum
and field visits, which often gives learners a view on the ‘doing’ of science (Braund,

2004).

Research into the above innovations has tended to focus on the extent to which teachers
are implementing the innovation (e.g. Bianchini, Johnston, Oram, & Cavazos, 2003;
Roehrig & Luft, 2004). The limitations of these studies are that they create simplistic
binaries: teachers who are implementing particular innovations are deemed good, while
those who are not are deemed less competent. While all of these curriculum innovations
have achieved positive results in research settings, and some have been shown to be
complementary to each other, all take time to implement properly and so they compete for
the limited time available in science classrooms. They compete with each other as well as
with the imperative teachers face to ‘cover’ a significant volume of prescribed science
content knowledge. However the Erickson (2000) book | mentioned above does not

acknowledge the conflict between these different voices.

But two subsequent books for science teachers do. The first is entitled Dilemmas of
Science Teaching (Wallace & Louden, 2002), and acknowledges that teachers face real
dilemmas in regard to the curriculum innovations above:

Teachers want students to understand that the knowledge of science is conditional
and constructed and they want students to know about the canonical explanations
found in school science textbooks. Teachers want students to understand that
scientific work is a passionate and non-linear activity and they want students to be
able to follow the protocols of writing up lab reports. (p. 1).

This book is structured around stories written by science teachers about dilemmas they
face, with science education researchers bringing their lenses to bear on these stories. The
second book is entitled Analysing Exemplary Science Teaching (Alsop, Bencze, &
Pedretti, 2005). This book also starts from stories written by teachers, but this time the
stories are about lessons they consider exemplary. Different science education experts then
bring their respective lenses to bear on the stories. These lenses include most of the lenses
which | have described above, as well as lenses from education research which are not

specific to science: affective factors, use of technology, inclusivity, and social justice. At
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the outset the editors question the notion of ‘exemplary teaching’: “we adamantly reject
the very notion of an educational blueprint, a definitive guidebook for teaching success”
(p. 4). Instead, drawing on Bruner, they see the narratives of teachers as embodying
“complexity and pragmatism; a very different representation of effective practice than an

atomised list of teacher competences” (p. 3).

This shift in thinking about good teaching has large happened this century, but Wildy and
Wallace (1995) report how their beliefs about the value of active learning were challenged
by watching a good science teacher who had tried out learner-centred approaches, found
they did not work for him, and so reverted to his previous pattern of teacher-centred
lecture-style lessons. They conclude that “the constructivist literature, as we and many of
our colleagues have understood it, is inadequate because it presents a singular view of
good teaching and learning” (p. 154). They present different criteria for good teachers,
which include “have the confidence to make their own judgements about interpreting

curriculum reforms” (p. 152) and “recognise and respect their students’ agendas” (p. 153).

Wildy and Wallace’s recognition of the importance of learners’ agendas has resonance
with Brousseau’s didactic contract (see section 2.1.3), i.e. the usually tacit expectations
which a teacher and her class have about their own and each other’s roles in the classroom
(Brousseau & Balacheff, 1997). In the South African context, respect is central to
traditional African culture (Khupe, Keane, & Cameron, 2012). One way in which learners
show respect is by keeping quiet in the presence of their elders and not asking them
questions (Clark & Linder, 2006; Khupe et al., 2012). Harkness et al. (2007) explored
cultural understandings of what constitutes an ideal learner in western cultures, and report
that there are significant differences, based on cultural understandings of good children.
For example, Spanish traditional values favour obedience and respect. The didactic
contract of classrooms in cultures where respect is central is that the teacher’s job is to
present information and the learners’ job is to absorb that information respectfully. In such
a contract, the asking of questions or in any way challenging the teacher does not make
sense. Thus what counts as good teaching needs to take into account local cultural
contexts. Moreover, any curriculum innovation requires a teacher and her learners to

renegotiate the didactic contract, which takes time and effort.
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The idea that there is no blueprint for teachers has also gained traction outside of science
education. Darling-Hammond and Bransford (2005), in the introduction to their book
Preparing teachers for a changing world: what teachers should learn and be able to do,
make the claim that “There is no one right way to behave as a teacher” (p. 5). As far back
as 1992 Morrow (2007) noted his own and other teachers’ burnout through trying to live
up to the image of an ideal teacher presented in South African teacher education
programmes, while teaching large classes. He suggested a definition of teaching as
‘organising systematic learning’ with the recognition that this may take very different
forms in different contexts. Maja et al. (1999) looked for patterns between South African
teachers’ instructional approaches and grade eight learners’ performance in mathematics
and concluded “The key finding of this study is that method does not seem to be as
important as meaning during a lesson” (p. 128 of full report). Palmer (1997) argues that
“good teaching cannot be reduced to technique” and elaborates:

If good teaching cannot be reduced to technique, I no longer need suffer the pain of
having my peculiar gift as a teacher crammed into the Procrustean bed of someone
else's method and the standards prescribed by it. That pain is felt throughout
education today as we insist upon the method du jour — leaving people who teach
differently feeling devalued, forcing them to measure up to norms not their own.

(p. 16).
In Palmer’s view, good teaching is centred neither on the teacher nor the learner, but on
the subject matter content, with the integrity of the teacher central. This concurs with
Wallace’s (2005) analysis of good science teachers’ accounts of lessons they considered
exemplary. He found that there is an “underlying moral dimension” (p. 181) in teachers’

accounts and that the science content of a lesson is central to teachers’ concerns.

Variation theory (Marton, Runesson, & Tsui, 2004; Runesson, 2006) offers a view of good
teaching which focuses on the subject matter content. According to variation theory, a
person can only discern a feature or quality of something if she is aware of how that
feature or quality could vary. For example, to discern blue, one needs to have experienced
things which are not blue. To understand the concept of frame of reference, one needs to
encounter different frames of reference. It follows that good teaching is that which affords
learners the opportunity to experience variation in each of the critical features of the

subject matter, one critical feature at a time.

Twenty five years ago, Fensham traced the history of science education and commented:
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we would be foolish not to recognise that we now know that effective science
education in many of its aspects is much more difficult to achieve than the
reformers of the 1960s ever dreamt. (1988, p. 5).

This statement still holds true. In this section | have asked what counts as good science
teaching, and conclude from the competing voices described above that the notion of
‘good science teaching’ is contested. In addition to the fundamental tension between
‘science for scientists’ and ‘science for all’, the curriculum innovations of teaching about
the Nature of Science, teaching argumentation, valuing IKS and acknowledging different
worldviews, and inquiry-oriented science compete for the limited time available in the
science classroom. In addition there is variation in individual teachers, their contexts and
their learners’ agendas, and these differences are critical. What works in one context with
a particular teacher and her learners may not work in a different context, although there is
agreement that the subject matter content of lessons is important. In summary, rather than
aiming for ‘best practice’ in science education, we should instead aim for appropriate

practices in diverse contexts.

Thus it is appropriate to research teaching across the diversity of South African contexts,
looking for examples of good practice appropriate to particular contexts. As mentioned in
the introduction to this thesis, actual classroom practice in the South African context is
under-researched. Thus this research project looks at the classroom practice of eight
teachers, across a diversity of South African classrooms. My first and second research
questions look respectively at the form and content of science lessons. In addition, instead
of researching whether teachers are implementing a particular curriculum or innovation, |
use a grounded approach to answer my first research question, thus creating space for

different manifestations of ‘good teaching’.

The view that what counts as good depends on context sits well with a complexivist view
of education but poses a challenge for teacher education. If ‘good’ science teaching is our
goal, how do we reach that goal when ‘good’ has different expressions in different
contexts? The challenge is to identify what teachers need to know as well as how they
come to know it, and hence what should happen in teacher education. A complexivist
understanding of teacher development hints that none of these questions is
straightforward. Nonetheless they are critical and hence frame the remainder of this

chapter.
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2.2.6 Lesson Content —the Missing Link

In the last section | concluded that the subject matter content of lessons is central to good
teaching. However research in science education has tended to ignore the science content
of lessons, as has education research generally. Lijnse (2000) laments:

As far as theorizing is concerned, science education research seems to aim
primarily for a content-independent meta-position that links closely with general
research in education. [...] What is also almost always lacking is a description and
discussion of the didactical quality of teaching/learning situations that were
studied. (p. 310).

In contrast | noted in the last section that Wallace (2005) concluded that good science
teachers see the subject matter content of lessons as central. It seems that good teachers
know that subject matter content is central to lessons, but education research tends to have
a blind spot for lesson content, focusing instead on form. Where education research does
comment on content, it typically does so superficially. Why does research on teaching
tend to have a blind spot for the subject matter content of lessons? In this section | will

explore some possible answers to this question.

However | first want to make what | see as an important distinction between the subject
matter content of a lesson and the subject matter knowledge (SMK) of a teacher. I find
that these two are easily conflated and so it is important to be clear about the distinction. 1
noted in section 2.2.4 that teachers do not simply present knowledge but rather act on it
some way, for which | have used the term transformation. Thus the didactic offering of a
teacher is not a simply a replica of the teacher’s SMK. Rollnick et al. (2008) make the
distinction between domains of teacher knowledge and manifestations of teacher
knowledge. Furthermore Adler, Slonimsky, and Reed (2002) criticise the assumption that
a teacher’s SMK can be inferred from her lessons. Although the teachers in their study
increased in SMK, their results “suggest that there is no simple correlation between
changes in teachers’ subject knowledge base and changes in the overall quality of their

teaching” (p. 8).

How then does education research tend to miss the subject matter content of lessons? One
way in which education research has tried to improve teaching is by observing good
teachers (McComas, 2005). Because good teachers deliver good subject matter content in
their lessons, the subject matter content becomes taken for granted. Instead what is noticed

is the form in which the content is packaged. Research questions in education are likely to
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be based on perceived problems, so if the subject matter content of lessons is not seen as a

problem, then research doesn’t address it.

In the USA, the high attrition rate of novice teachers is seen as a problem: novice teachers
leave the profession at a far greater rate than experienced teachers in the context of
existing shortages of teachers (Patterson, Roehrig, & Luft, 2003). The solution to this
problem is seen to be twofold: mentoring of novice teachers and understanding their
experiences. Thus recent science education research has investigated the efficacy of
different approaches to mentoring (e.g. Chubbuck, Clift, Allard, & Quinlan, 2001; Heider,
2005; Luft, 2009) and tried to understand the constraints and difficulties which novice
teachers face (e.g. Adams & Krockover, 1997b; Brickhouse & Bodner, 1992; Chubbuck et
al., 2001; Flores, 2006; Patterson et al., 2003).

Another perceived problem is that of curriculum implementation. The previous section
described the major curriculum innovations in science education. Since these innovations
are about the form of science lessons, the form has come up for scrutiny, rather than the
science content. When changes in curricula are about form rather than content, the focus
of research on curriculum implementation is likewise on form rather than content.
Shulman (1986) blamed curriculum emphasis on form back on education research:
policymakers formulate ‘evidence based’ standards from education research findings,
which are typically about the form of teaching. His intention in focussing on Pedagogical
Content Knowledge (PCK), discussed in the next section, was a move back to lesson

content.

However PCK research stops short of lesson content: the PCK movement looks instead at
the specialised knowledge which teachers need in order to transform subject matter
content for teaching, while assuming that the subject matter content is sound. For example
Loughran, Mulhall and Berry’s (2004) ‘Content Representations’ of PCK include content
in the form of ‘big ideas’, but they have not critiqued the big ideas which teachers use.
Their goal has been the uncovering of knowledge rather than critique thereof. Similarly,
phenomenographers have developed a method for critiquing the transformation of subject
matter content, using variation theory to consider variation in the ways of seeing the
critical features of the subject matter which are made available to learners (Marton & Tsui,
2004). However both the PCK researchers and the phenomenographers work from the
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assumption that the untransformed lesson content is sound. This appears to be based on
the taken-for-grantedness of teachers’ SMK in developed countries (discussed in section

2.3.2).

In South Africa, teachers” SMK is not taken for granted (See section 2.3.2) and PCK
researchers recognise that the foundation of SMK on which PCK is built needs to be solid
(Rollnick et al., 2008). Yet research has also been shaped by a curriculum which has
foregrounded form. As described in section 1.4.1, the school curriculum was officially
‘outcomes based’ until recently. This curriculum regarded the subject matter content of a
lesson as a means to an end: the outcome of education was considered to be skills rather
than subject matter content (Department of Education, 2002). In addition there was
emphasis on form, with learner-centred teaching required. These emphases are reflected in
some guides written for South African student teachers which ignore or underplay the role
of teachers’ subject matter knowledge in teaching (Rusznyak, 2008). The paradox is that
while teachers’ SMK was recognised to be often inadequate, there was a move away from
the centrality of content in teaching. Jansen (1998) predicted early on that this would have
disastrous consequences. Allais (2010) argues that an outcomes-based curriculum is
fundamentally flawed because “outcomes-based education conflates pedagogy and
curriculum” (p. 33). Thus was lost in pedagogy, and hence in research which focused on
curriculum implementation. At the same time democratization of the classroom meant that
the professional authority of teachers as sources of knowledge was unintentionally

undermined (Slonimsky, 2010).

In summary, | see research as missing lesson content in two ways: firstly by taking it for
granted at secondary level, particularly in first world settings where teachers are better
qualified. This is confounded by the frequent conflation of lesson content and teacher
SMK, based on the assumption that teachers’ SMK translates easily into lesson content.
Second, research responds to curriculum innovations, which have tended to be about form
rather than content. The paradox inherent here is that what counts as ‘best practice’ is

disputed, as pointed out in the previous section.

There are two exceptions to the ‘content blind spot’ rule which bear mention. Akerson
(2005) explicitly critiques the science content of three grade two science lessons, as
constructed in the conversations of the lessons. Similarly Davis (2011) considers the
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validity of the subject matter content of a grade eight mathematics lesson. Overall though,
there is a gap in science education research in regard to the subject matter content of
lessons. My second research question addresses this gap by asking about the quality of the
subject matter content of some of the lessons | observed.

2.3 What Do Teachers Need to Know?

Having explored what teaching is, and in particular what good science teaching might be, |
now ask what teachers need to know in order to teach. In regard to this question , Shulman
(1987) identified seven domains of knowledge which teachers draw on in the act of
teaching: four general domains — general pedagogical knowledge, knowledge of their
learners, knowledge of context, and knowledge of educational purposes and values — and
three domains of subject specific knowledge: SMK of the topic at hand, curriculum
knowledge and PCK. Shulman mostly referred to these as different ‘categories’ of
knowledge, but I am choosing the term ‘domain’ instead, as I think it is more appropriate
and anyhow Shulman also provided other categories of knowledge (see section 5.1).
Shulman defined PCK as “subject matter knowledge for teaching” and “the ways of

representing and formulating the subject that make it comprehensible to others” (1986, p.
9).

Table 1: What do teachers need to know?

Dimension Shulman (1987) Feiman-Nemser (2008) Hammerness et al. (20095)
SMK
Curriculum knowledge Know Understanding
Knowledge Knowledge of learners Conceptual tools
for teaching Knowledge of context
Pedagogical knowledge Act Practices
PCK Practical resources
Conception . C
of teaching Think Dispositions
Teacher -
identity Feel Vision

While Shulman’s domains of knowledge have served a useful purpose in highlighting that
there is subject-specific teaching knowledge that teachers need in addition to SMK and
general pedagogical knowledge, these domains do not address two central dimensions of
teacher knowing: conceptions of teaching (comprising beliefs and intentions, see section
2.2.1) and teacher identity. | will thus present two other ways of framing what teachers
need to know, which address these dimensions. Table 1 gives a comparison between the

three frameworks describing what teachers need to know. However the different authors
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draw their boundaries between constructs in different ways, and so the mapping of Table 1

is not exact.

Feiman-Nemser (2008) summarises what teachers need to learn using four actions:
learning to know, act, think and feel like a teacher. Knowing like a teacher relates to
Shulman’s domains of knowledge, being “the different kinds of knowledge that good
teaching depends on” (p. 698). Acting like a teacher requires a “repertoire of skills,
strategies and routines and the judgment to figure out what to do when” (p. 699). This is
related to Shulman’s domains of general pedagogical knowledge and PCK, but the
emphasis is on ‘knowing how’ rather than ‘knowing that’, in line with an adaptation of
PCK to ‘Pedagogical Content Knowing’ (Cochran, DeRuiter, & King, 1993). ‘Thinking’
like a teacher includes both a teacher’s beliefs and the metacognitive reflection which
effective teachers engage in. Beliefs are part of conceptions of teaching. Metacognitive
reflection relates to Schon’s (1987) reflection-in-action and reflection-on-action which are
distinctive of professionals. Reflection-in-action happens during teaching, and refers to the
many decisions teachers make in the process of teaching, in response to classroom
dynamics. Reflection-on-action happens after the act of teaching, as teachers reflect on
what happened during a lesson and decide how to respond in subsequent lessons. The
practice of reflection upon practice may lead to greater awareness of conceptions of
teaching and identity, and hence develop these dimensions. Feiman-Nemser’s ‘feeling’
like a teacher refers to the emotional and identity work which teachers need to do,
particularly as they face disjunctures between the kinds of teachers they want to be and the

realities of their contexts.

Hammerness et al. (2005) offer a similar framework for thinking about teacher learning.
This framework has five dimensions: understanding, practices, vision, dispositions and
tools. The ‘understanding’ dimension relates to Shulman’s knowledge domains of SMK,
general pedagogical knowledge and knowledge of context and learners. The ‘practices’ are
Feiman-Nemser’s ‘acting’ like a teacher. ‘Dispositions’ are “habits of thinking and action
— about teaching, children, and the role of the teacher” (Hammerness et al., 2005, p. 387).
Dispositions bring to mind Bourdieu’s notion of habitus (see section 2.1.3), suggesting an
acculturation process so that teachers take up their role in the education system smoothly.
| suggested in section 2.1.3 that conceptions of teaching are an aspect of habitus. Thus

dispositions relate to conceptions. A ‘vision’ comprising “images of the possible” (p. 386)
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is central in Hammerness et al.’s model, and vision is an aspect of identity (see section
1.2.1). The ‘tools’ dimension of Hammerness et al.’s model contains two disparate
aspects, conceptual tools and practical resources, which 1 think should have been
accommodated in ‘understanding’ and ‘practices’ respectively, and thus I have placed
them accordingly in Table 1. Hammerness et al.’s framework emphasises that all of this

learning happens in a particular community and context.

In summary, the answer to the question ‘what do teachers need to know?’ is that they need
to know the ‘what’ of SMK and curriculum knowledge, and once situated in particular
teaching contexts, they need knowledge of those contexts and of their learners. They need
the know-how of general pedagogical knowledge and PCK. They need conceptions of
teaching and professional identities in the contexts in which they teach. In addition they
should be able to engage in reflection — part of Feiman-Nemser’s ‘thinking’ and
Hammerness et al.’s ‘dispositions’ — which will help develop their conceptions of teaching

and their identity. In other words, what teachers need to learn is complex and multifaceted.

Which of these aspects is more important? | argued that beliefs inform behaviour (section
2.2.2), thus a teacher’s conception of teaching (including beliefs) informs her classroom
practice. A teacher’s knowledge of a particular classroom strategy is accompanied by a
belief about the efficacy of that strategy. Thus beliefs shape the saliency of knowledge. In
this sense knowledge sits subordinate to beliefs and hence to conceptions. | see the same
as being true of teacher identity: teaching knowledge needs to accord with a teacher’s
identity for it to be useful. This does not mean that conceptions and identity are more
important than knowledge: knowledge is critical, but it depends on conceptions of
teaching and teacher identity for its usefulness. I note that in practice the boundary
between knowledge and belief is fuzzy: some propositions are contested as to whether
they qualify as knowledge or beliefs because what functions as knowledge for one person
may be a belief for another.

Of course anyone who teaches will have some knowledge, a conception of teaching and an
identity as a teacher, even without training. But the quality of teaching is dependent on the
richness of the knowledge, conceptions of teaching and identity of a teacher. The
challenge for teacher education is to develop such richness. | will look in section 2.5 at
ideas of what should happen in teacher education, after exploring how teachers learn in
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section 2.4. However I first want to look at research into PCK, SMK and teacher identity
since they together with conceptions of teaching are central to my study, and | have

already described research into conceptions of teaching (section 2.2.1).

2.3.1 Pedagogical Content Knowledge

Many researchers have taken up PCK research enthusiastically, but it is used
inconsistently in different contexts (D. L. Ball, Thames, & Phelps, 2008; Gess-Newsome,
1999a; Kind, 2009; Park & Oliver, 2008). Gess-Newsome (1999a) classified the various
interpretations of PCK as Integrative, Transformative or somewhere in-between, and Kind
(2009) showed ten years later that this classification still works. Integrative models do not
regard PCK as a separate knowledge domain, but rather regard PCK as what happens in
classrooms when teacher use the other domains of knowledge. An example of such a
model is Bishop and Denley’s (2007) metaphor of PCK as a spinning top, where
Shulman’s other six domains of knowledge are different colours on the top which combine

to produce ‘white’ PCK when the top is spun. Such models regard SMK as part of PCK.

Transformative models regard PCK as the transformation of SMK, pedagogical
knowledge and contextual knowledge into a new form of knowledge. These models see
PCK as a separate knowledge domain which does not include SMK. This is the view of
PCK which I use, since | see PCK as comprised of elements which are distinct from SMK
and general pedagogical knowledge. | see PCK as comprised of knowledge of learner
prior conceptions and alternative conceptions, knowledge of instructional strategies and
materials; knowledge of useful representations and metaphors, knowledge of difficulties
students have in comprehending the content, and curricular saliency (Geddis & Wood,
1997; Loughran et al., 2004; Shulman, 1986). Curricular saliency is “the importance of
various topics relative to the curriculum as a whole” (Geddis, Onslow, & Beynon, 1993, p.
588). PCK is more than the sum of its parts (Abell, 2008). These elements are largely
topic specific. In other words, PCK is knowledge of students’ alternative conceptions and
difficulties relating to a particular topic, and knowledge of instructional strategies for that
topic. But some instructional strategies cut across a subject, for example using the three
levels of representation in chemistry, i.e. macroscopic, microscopic and symbolic
(Treagust, Chittleborough, & Mamiala, 2003).
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Some researchers include curriculum knowledge in PCK (Park & Oliver, 2008) but 1
contend that curriculum knowledge is available to anyone with sufficient SMK to read and
make sense of a curriculum, whereas curricular saliency is peculiar to teachers and hence
is part of PCK. Many researchers include ‘orientation to teaching the subject matter’ as an
overarching aspect of PCK. Friedrichsen, van Driel, and Abell (2011) show that there is
consensus amongst researchers that this orientation is a set of beliefs about the purposes of
teaching. | have argued that beliefs about teaching are part of conceptions of teaching (see
section 2.2.2), and indeed Friedrichsen et al. use the word ‘conceptions’ interchangeably
with ‘beliefs’. Moreover conceptions of teaching are often expressed in terms of the
purpose of teaching (section 2.2.1), consistent with Friedrichsen et al.’s definition of
orientation. Thus I am excluding ‘orientation to teaching’ from PCK, since I am taking
knowledge (such as PCK) and beliefs as distinct. The fact that these ‘orientation’ beliefs
are seen as overarching concurs with the positioning of knowledge as subordinate to
beliefs (section 2.3). However Friedrichsen et al. also include some of the other
conceptions mentioned in section 2.2.3 as part of their definition of science teaching
orientations, i.e. they see orientation to teaching as broader than conceptions of teaching.

There has been considerable research into the PCK of both experienced and novice
teachers. A tool which has proved to be useful is Loughran et al.’s (2004) Content
Representation which uses various questions about the importance, difficulty and saliency
of ‘big ideas’ to access and communicate teachers’ PCK (section 2.2.6). The ‘big ideas’
are SMK, but the recognition that these ideas are significant and the knowledge of student
difficulties and teaching strategies associated with these ideas is PCK. The fact that
Content Representations have SMK as their starting point reflects that PCK is dependent
on SMK. Likewise PCK builds on general pedagogical knowledge and draws on
contextual knowledge — there are cultural influences on what learners have difficulties
with. Thus there is hierarchy in Shulman’s domains with PCK sitting above SMK,
pedagogical knowledge and knowledge of learners and context. |1 contend that this
hierarchy should not be mistaken for combination: PCK is more than a simple

combination and includes distinctive aspects of knowledge.

Bernstein’s (1996) recognition and realization rules are helpful in thinking about PCK.
The teacher needs to achieve the realization rules of teaching in order to actually teach
effectively, rather than just the recognition rules of knowing what they should be doing. A
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student teacher may recognise good practice in another teacher’s classroom, but be unable
to realise such in her own classroom. Or she may be able to use an existing inquiry-
oriented activity, but not be able to produce such an activity herself in another context. So
for PCK to be useful knowledge, a teacher needs to have achieved the realization rules of
the PCK (Ensor, 2004). However, even if she has, this knowledge sits subordinate to her
beliefs about science teaching: a teacher may have knowledge about a particular strategy,

but choose not to use it because it does not fit with her conception of science teaching.

In summary, | take a transformative view of PCK, seeing it as distinct from other domains
of teacher knowledge. | see PCK as comprised of knowledge of learner conceptions and
difficulties, instructional strategies, and curricular saliency. | exclude SMK, curriculum
knowledge and teaching beliefs or orientations from PCK. However PCK is built on a
foundation of SMK, curriculum knowledge and contextual knowledge, and the saliency of
PCK is shaped by beliefs about teaching which are a dimension of conceptions of

teaching.

2.3.2 Subject Matter Knowledge

In order to give learners access to SMK teachers need to have adequate SMK themselves
(Lotz-Sisitka, 2010). They need SMK in order to plan and to reflect on their planning
(Reed, Davis, & Nyabanyaba, 2002). Thus sufficient SMK is necessary though not
sufficient to teach. In this section I review some research into science teacher’s SMK,
though SMK has not come under the research spotlight to the same extent as PCK. | will
treat SMK as something in the head of a teacher, available for recall. An alternative
perspective is a sociocultural one, in terms of which:

an individual’s understanding of the concepts, theories, and ideas of a particular
community is a dynamic process resulting from action in situations and from
negotiating with other members of that community. (Traianou, 2006, p. 835).

From this perspective it follows that a teacher’s knowledge expressed in the context of an
interview or on a test is different from her knowledge expressed in the context of a lesson.
While I think this perspective is valid, I will continue to talk about teachers ‘having’
SMK, as this provides a useful analytical way to make the distinction between the

knowing of the teacher and the subject matter content constituted in a lesson.

In most American states, teachers are required to pass ‘Praxis II’ either for entry into

teacher education programmes or else for certification as teachers. Praxis Il is a multiple

58



choice and short answer examination which tests potential teachers’ SMK (Bucher, 2009).
Thus in America, secondary teacher SMK is assumed to be taken care of by certification.
Hence studies of teachers” SMK tend to be conducted only amongst primary school
teachers. For example Burgoon, Heddle, and Duran (2011) found that 103 American
primary school teachers possess alternative conceptions similar to those of learners. Luera,
Moyer, and Everett (2005) concluded that American elementary teachers need sound
content knowledge in order to implement inquiry-oriented lessons. Similarly O. Lee
(1995) found that a middle school science teacher’s limited SMK constrained her teaching

strategies.

However secondary science teachers” SMK has been researched elsewhere in the world.
Kind and Kind (2011) investigated the basic chemistry of about 150 British pre-service
teachers and found that although they had the necessary qualifications and were mostly
confident about teaching chemistry, those who had not specialised in chemistry in their
degrees held alternative conceptions. Haidar (1997) investigated 173 pre-service chemistry
teachers in Yemen, and found their chemistry SMK lacking in many respects. Abd-El-
Khalick and BouJaoude (1997) did research with seventeen well qualified Lebanese
intermediate and secondary teachers with varying experience, and found their SMK

“lacking in all respects” (p. 684).

In South Africa the President’s Education Initiative research project is usually cited as
evidence that many secondary teachers have inadequate conceptual understanding of the
subjects they teach. This project was a wide ranging conglomeration of 31 studies. The
weakness of this project is that it conflated primary and secondary education. A closer
look reveals that only five of the published studies looked exclusively at secondary
schools. Another six studies looked at both primary and secondary schools. None of the
five secondary studies explicitly mention lacks in teacher SMK. Instead Harley (1999)
judged that the ten good teachers in his project, including three physical science teachers,
all met the criterion “has sound knowledge of subject content.” Maja et al. (1999) looked
at grade eight mathematics teaching in twenty schools, and commented on better and
worse teaching strategies but were silent on teacher SMK. However two studies which
looked at ten schools in the rural area of Thohoyandou complained that teachers are under-
qualified (Bayona & Sadiki, 1999; Onwu, 1999). The last study looked only at learner
performance (Ota, 1999).
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Furthermore only one of the studies which looked at primary and high schools together
considered school teaching: Wickham and Versfeld (1999) looked at English teaching in
four disadvantaged schools, and made no comment on teachers’” SMK. The others looked
at teaching African languages to teachers, using Sesotho in geography, learner progress,
distance education and whole school development. So in summary, out of all the
President’s Education Initiative research project studies which investigated teaching in
secondary classrooms, all that can be concluded in regard to secondary teachers’ SMK is

that teachers in Thohoyandou are under-qualified and, by inference, have poor SMK.

However this does not mean that teacher SMK is not a problem in South Africa. Lacks in
teacher SMK are reflected in the many government sponsored in-service training
programmes for teachers which deal with subject matter content, such as the Advanced
Certificate in Education. Clark describes the content limitations of a committed teacher he
worked with. He suggests that both her teacher training and subsequent in-service training
have tended to be “plastering the conceptual cracks” (Clark & Linder, 2006, p. 192) of the
science knowledge she acquired at school. He also reflects on her limited scientific
literacy and general knowledge of science, commenting that these also contribute to the
quality of science teaching. Lotz-Sisitka (2010) notes the impact of poor teacher SMK in
situations where the ‘vestiges of teacher memory’ are the only resource which teachers use

in teaching and so their inadequate SMK becomes the curriculum.

2.3.3 Teacher Identity

Apart from teacher knowledge such as SMK and PCK, education researchers are
interested in teacher identity. In section 1.2.1 I noted Gee’s (2000) distinction between
different kinds of identities, including institution-identity and discourse-identity. Research
into teacher identity in this century seems to come in three sorts. The first is concerned
with Gee’s institution-identity, the second and third are concerned with Gee’s discourse-
identity, with and without curriculum change respectively. Most studies don’t use Gee’s
terms of institution-identity and discourse-identity, but | find the differentiation a useful

one which has helped me to make sense of the body of identity research.

The first sort of teacher identity research looks at the process of beginning teachers

developing an institution-identity of ‘teacher’ (e.g. Antonek, McCormick, & Donato,
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1997; Franzak, 2002; TimostSuk & Ugaste, 2010). These studies are concerned with how
teachers come to feel like a teacher, and the struggles and contradictions inherent in the

process, but are not concerned with how the identities of individual teachers differ.

The second sort considers the impact of curriculum change on teachers’ discourse-
identities. New curricula come with imaginings of certain kinds of teachers, and these
often contradict teacher’s existing discourse-identities, developed in the context of
previous curricula and policies. The contradictions have been unpacked in America
(Lasky, 2005; Pennington, 2007; Sloan, 2006), the United Kingdom (Woods & Jeffrey,
2002) and South Africa (Graven, 2000; Jansen, 2003; Parker, 2006). This research tends to
talk about teachers’ identities being threatened without spelling out what these identities
actually are. These studies have resonance with other studies which look at the impact of
curriculum change on teachers but are framed in terms of teacher agency rather than
identity (e.g. S. J. Ball, Maguire, Braun, & Hoskins, 2011; Priestley, Edwards, Priestley, &
Miller, 2012; Reio, 2005).

The third sort of teacher identity study is also concerned with discourse-identity, but
without the backdrop of curriculum change. In England Smart (2008) identified three
identities related to teaching style amongst sixteen novice secondary science teachers:
teachers who want to use lots of practicals; teachers who want to “make science
interesting exciting and relevant” (p. 10); and teachers who wanted to be like, or not like, a
particular teacher they had had. Zembylas (2003b) describes the identity of an American
teacher who was “enthusiastic about pedagogies that deviated from the norm” (p. 121).
Sawyer (2002) looked at the development of two experienced Canadian teachers’
identities, and labelled the different stages of their teaching careers. For example the
English language teacher’s stages were: “Year 1: imitating the act of writing”, “Years 2-5:
free will with poetry”, and “Years 5-9: a coherent framework the kids could hang their
hats on” (p. 742-743). Soreide (2006) found with five Norwegian elementary teachers that
“four major constructions of teacher identity emerged: ‘the caring and kind teacher’; ‘the
creative and innovative teacher’; ‘the professional teacher’; ‘the typical teacher’ (p. 536).
However different from the other studies above, Soreide found all four of these identities
were present in the interview data of all five teachers, with the teachers tending to align
themselves with two of the identities and distance themselves from the other two

identities. This may be because Soreide used discourse analysis across the data, instead of

61



considering the data for each teacher separately. Some studies look at teachers’ discourse-
identities in relation to their race / culture and gender: Moore (2008) looks at three African
American science teachers’ identities, and Samuel and Stephens (2000) 1ook at two black
South African English teachers. These two studies found that the teachers’ race / culture
and gender informed their teacher identities, but do not give a clear description of these

identities.

The studies of the third sort are important because, rather than just seeing identity as
developing or threatened, they often describe the actual identities of different teachers’,
thus giving texture to the nature of teachers’ identities. This is important because, as I will
discuss in section 2.4.2, student teachers typically enter initial teacher education
programmes with strong ideas of the ‘kinds of teachers’ they want to be. In order for
teacher educators to engage productively with these identities, it is important to know
something about the nature of teacher identities, both at the start of teacher education
programmes and once teachers are in the field. However the total sample used in the
studies of the third sort described above is only 29 teachers, across six countries. Only two
of these teachers were South African. There is thus a need for further research which
identifies and describes teachers’ discourse-identities, particularly in the South African
context of educational change. My third research question addressed this gap by exploring
the discourse-identities of eight teachers, thus adding significantly to this corpus of

research.

2.4 How Do Teachers Learn to Teach?

Having established what it is that teachers need to know, one could conclude that teacher
preparation is straightforward: teach teachers what they need to know. But an
understanding of education as a complex system suggests that this is not the case: a
student teacher will only be able to take up what she is currently predisposed to take up
due to her individual biology, history and context. Developing as a teacher is a complex
process and the purpose of this section is to unpack that process. | start by considering
why people become teachers. Thereafter | consider the problems of learning to teach
which student teachers face, and models of the development of teachers which have
emerged from research. Finally I consider the trajectory which teachers’ knowledge,

identities and conceptions of teaching take through different contexts.

62



2.4.1 Why Do People Become Teachers?

Nearly ten years ago, Hindle (2003) proposed a research agenda for teacher education in
South Africa, the first item of which was research into why South Africans choose
teaching as a career. Chuene, Lubben, and Newson (1999) had already answered this
question with a group of 34 mathematics teachers, but | have found no subsequent
research addressing this question. However the question of why people become teachers
has been researched elsewhere in the world: in Taiwan (Wang, 2004), Malaysia (Azman,
2012), Australia (Manuel & Hughes, 2006; P. W. Richardson & Watt, 2006), Slovenia
(Kreci¢ & Grmek, 2005), Norway (Kyriacou, Hultgren, & Stephens, 1999), England
(Andrews & Hatch, 2002; Jarvis & Woodrow, 2005; Kyriacou & Coulthard, 2000),
Jamaica (Bastick, 2000; M. M. Brown, 1992) and America (King, 1993; Weiner, 1989).

Kyriacou and Coulthard (2000) classify three clusters of reasons which people give for
choosing teaching: altruistic, intrinsic, and extrinsic. Altruistic reasons are about wanting
to make a difference to society. Intrinsic reasons are about enjoyment and self-realisation
in teaching as well as affinity to the subject being taught. People who see themselves as
well suited to teaching are in this category. Extrinsic reasons are about social status and
conditions of employment, such as working hours, job security and remuneration. My
observation is that these three types of reasons are present in all the above mentioned
studies except the Taiwanese study (Wang, 2004) which did not find altruistic reasons.
However the reasons given vary according to local conditions, for example in Taiwan
teachers are relatively well-paid and are accorded high social status, whereas in many
countries the opposite is true. Thus it is appropriate to explore why South Africans
become teachers, and, in particular, science teachers. In answering my third research
question, which asks how the teachers in this study narrate their identities, 1 will consider

the reasons they chose a science teacher identity.

2.4.2 The Learning Problem

Choosing to become a teacher is the first step in becoming a teacher. Thereafter a teacher
needs a qualification which certifies that she has learnt to teach. Hammerness et al. (2005)
summarise three problems in learning to teach. The first of these is Lortie’s
‘apprenticeship of observation’, which “requires that new teachers come to think about
(and understand) teaching in ways quite different from what they have learned from their

own experience as students” (p. 359). The second is what they call ‘the problem of
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enactment’ which is the problem of putting knowledge into action. The third problem is
what they term ‘the problem of complexity’, which is that teaching “requires integrating
many kinds of knowledge and skills in making judgements about how to pursue multiple
goals with learners who have diverse needs” (Darling-Hammond, Hammerness,
Grossman, Rust, & Shulman, 2005, p. 390). The second and third problems refer to the
enormous complexity of teaching to which I referred in the introduction to this chapter. In
this section, | will explore the first problem, and the ways in which research with novice
teachers talks to it.

The apprenticeship of observation means that students enter teacher education
programmes with their own conceptions of teaching, which include their beliefs about
teaching (see section 2.2.2 for the relationship between conceptions and beliefs). These
initial conceptions of teaching tend to be resilient to change. Koballa et al. (2005) found
the conceptions of teaching held by three novice teachers to be resistant to change despite
instruction. Glass (2007) notes that while a student she studied gained some technical
skills, his beliefs were unchanged. Rusznyak describes a passionate and hard-working
student South African B Ed student whose beliefs about teaching:

rendered his university tutors’ attempts at guidance largely ineffective. This in turn
frustrated this particular student teacher, as he struggled to understand what was
expected of him. (2009, p. 30).

Samuel describes South African students teachers’ conceptions of teaching as “deeply
rooted in their own personal biographies” (2003, p. 265). Calderhead and Robson (1991)
found that the conceptions of teaching held by twelve primary school teachers had a big
influence on how they interpreted their teacher training. However some studies find that
teacher education programmes do have some effect on student teachers’ conceptions
(BouJaoude, 2000; Fletcher & Luft, 2011; Hobden, 2000; Skamp, 1995). Wood (2000)
found that getting student teachers to research learners’ conceptions of SMK shifted their

conceptions of teaching significantly towards learner-centred conceptions.

The apprenticeship of observation also means that students start teacher education
programmes with their own teacher identities. Some researchers refer to teacher identity as
image of self-as-teacher. This is consistent with Wenger’s observation that “We often
think about our identities as self-images” (1998, p. 151) although he argues for identity
involving more than self-image because of the participation aspect of his conception of
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identity. Eick and Reed (2002) explored the images which some American student
teachers had of themselves as teachers, and found that the images with which students
enter a teaching course are resilient, so that only students who have ‘inquiry-oriented’
identities at the start are likely to embrace the use of inquiry-oriented methods in the
classroom. Eick and Reed note that both positive and negative role models count — there
are teachers students want to emulate and teachers students want to avoid being like. This
is confirmed by Sexton (2007) who interviewed 35 Australian students entering a teacher
education programme, and by Samuel (2003) who found that poor primary and secondary
experiences of learning English encouraged South African students to become English

teachers.

In summary, student teachers enter teacher education programmes with conceptions of
teaching and identities of themselves as teachers which are resilient. These conceptions
and identities are the lenses through which they view the offerings in a teacher education
programme. Kagan concludes:

The personal beliefs and images that pre-service candidates bring to programs of
teacher education usually remain inflexible. Candidates tend to use the information
provided in course work to confirm rather than to confront and correct their pre-
existing beliefs. Thus, a candidate’s personal beliefs and images determine how
much knowledge the candidate acquires from a pre-service programme and how it
is interpreted. (1992b, p. 154).

Similarly Smart (2008) reports that the identities of British student teachers affected how
they saw the relevance of their courses. Thomas and Pedersen observe that American
students:

come to our classes to build a house, and they enter the classroom having already
framed, roofed, and finished their house, we can influence the color scheme and
the floor coverings — but can do little to change their prebuilt house. (2003, p. 320).

Kagan explains the resilience of students teachers’ conceptions and identities from a
constructivist perspective: as with all learning, people have preconceptions or, in Piaget’s
(1985) terms, existing cognitive structures. It is easier to assimilate new information into
these existing cognitive structures rather than do the work of changing cognitive structures
— ‘accommodation’ in Piaget’s terms. However accommodation can be precipitated by
cognitive dissonance. This implies that pre-service teachers’ conceptions and identities are
shaped far more by their experiences in school classrooms than by any theory they

encounter. This explanation is consistent with the complexivist theory of enactivism: an

65



individual’s capacity to learn is related to her individual history and context. Both history
and context are reflected in Trigwell and Prosser’s constitutionalist model of student
learning, illustrated in Figure 6 (p. 30). The prior experience of a student is her individual
history, and her perception of her current situation is her current context from her point of

view.

Teacher educators might decry these initial conceptions and identities, but Kagan argues
that they are essential: “without a clear image of self-as-teacher, the reconstruction process
is perverted, and the novice may be doomed to flounder” (1992b, p. 155). Anderson,
Smith and Peasley (2000) see potential in any initial belief concerned with learner
experience — for example, that learners should have fun — they argue that this has the
potential to be a seed for developing a learner-centred approach. This is similar to the way
unscientific alternative conceptions can be a starting point for learning scientific

conceptions.

2.4.3 Stages of Development

If teachers’ initial conceptions of teaching and identities are the starting point for learning
to teach, how do they develop as teachers? Figure 8 shows three of the ‘stage” models put
forward as a description of how teachers develop. | have aligned stages which | see as
similar in Figure 8, although there are different emphases in the different models. The first
model is Berliner’s (1988), which consists of five stages: novice, advanced beginner,
competent, proficient and expert. The novice relies heavily on rules of practice while
learning from experience. The advanced beginner becomes more strategic in her use of the
rules she has learnt — realising there are situations where the rules should be broken. The
competent performer is aware of the choices she has and takes responsibility for what
happens in her classroom. The proficient performer has advanced pattern recognition
skills, and relies more on intuition. Not all teachers reach the level of the expert, who

makes her performance seem effortless.

The second model is Kagan’s (1992b), which draws from her review of forty qualitative
studies of pre-service and novice teachers. A student teacher comes to a teacher education
programme with ‘beliefs about teaching and learning’, and an ‘image of self-as-teacher’.
Beliefs about teaching are part of her conception of teaching (section 2.2.2), and beliefs
about learning are part of her conception of learning. Her image of self-as-teacher is her
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identity as a teacher. Her conceptions and her identity are shaped by her personal history,
in particular ‘exemplary teachers’ in her own schooling and her ‘image of self as learner’.
The student teacher then needs to accomplish three developmental tasks. The first is to
reconstruct her image of self-as-teacher, i.e. to do identity work. This stage is precipitated
when she first encounters discipline problems and thus is influenced by her changing, less
idealistic picture of learners — in other words she needs to negotiate her identity in the
classroom context. The second task is to develop ‘procedural knowledge’: “standard
routines that integrate instruction and management” (Kagan, 1992b, p. 15). Once these are
in place she can move on to the third task which is to focus on learners’ experience and
learning. In these three stages, the student teacher’s focus shifts from herself, to teaching,

and then to learning.

Berliner’s (1988) Kagan's (1992) Maynard & Furlong’s (1995)
Stage Theory Model of Professional Development Stages of Development

Exemplary teachers

Image of self as learner

Beliefs about teaching & learning
Image of self as teacher Early idealism

]

- ‘ersonal surviva
Novice Task 1: Reconstruct image of self-as-teacher Pl
(focus on self)

»

Advanced beginner Dealing with difficulties

Task 2: Develop procedural knowledge ‘

(focus on teaching)
Competent i i Hitting a plateau

1
o 9
1

Task 3: Focus on learning

M I:'V l r-l [3 I:' r-l

(focus on learners) (concern for pupil learning)

Figure 8: Models of teacher development

67



Kagan’s tasks fit well with Maynard and Furlong’s (1995) Stages of Development which
are illustrated on the right side of Figure 8. The ‘early idealism’ with which a student
teacher enters a programme is replaced by a quest for ‘personal survival’ as she encounters
the realities of classrooms. As Kagan puts it, “most novices become obsessed with class
control, designing instruction, not to promote pupil learning, but to discourage disruptive
behaviour” (1992b, p. 155). Maynard and Furlong note that a student teacher learns to
‘deal with difficulties’ by imitating the practice of more experienced teachers, and so ‘hits
a plateau’ where Kagan’s procedural knowledge is in place and she feels she is teaching
well. With encouragement from a tutor, she may be ready to ‘move on’ — to focus on

learners’ learning and experiment with new approaches.

How do these stages correspond with conceptions of teaching? Both Kagan’s and
Maynard and Furlong’s models involve a shift from focusing on self to focusing on
learners. | noted earlier that higher order conceptions are typically learner-centred,
whereas lower order conceptions are teacher-centred. Thus there is a correspondence
between later stages and higher order conceptions of teaching, and earlier stages and lower
order conceptions of teaching. Higher order conceptions are inclusive of lower order
conceptions, and in a similar way the learning achieved in earlier stages is held onto in
later stages. The conceptions research does not represent developmental stages, but
nonetheless allows that teachers may develop to include higher order stages in their

repertoire of conceptions.

These stage models are appealing, but they have been criticised. Hammerness et al. (2005)
claim that they were based on research “conducted at a time when most teacher education
programs were fairly weak interventions” (2005, p. 381) and so underestimate what it is
possible to achieve in teacher education. Rusznyak (2008) found that none of the 66 South
African student teachers in her doctoral study progressed through all of Maynard and
Furlong’s stages. She concludes that the Maynard and Furlong model “describes only one
possible developmental trajectory out of numerous possibilities” (p. 407), and puts
forward a model comprising five facets, illustrated in Figure 9. Maynard and Furlong’s
stages only cover two of these facets, classroom management and teaching strategies. The
additional facets involve the teacher’s own knowledge and understanding of content, her

preparation of lessons, and how she monitors learning in her classroom. Teachers do not
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proceed at the same rate through all five facets (as assumed in Maynard and Furlong’s

model), although there is a hierarchy within each facet.
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Figure 9: Levels of teaching practice across five facets (Rusznyak, 2008)

Rusznyak also found that a teacher’s development is context dependent, so that teachers
may appear to regress in more challenging contexts. Feiman-Nemser explains how student
teachers’ contexts “enable and constrain their adoption and use of new knowledge and
practices and their on-going learning” (2008, p. 701). Studies that follow teachers into
their first year of teaching reach the same conclusion about the dependence of
development on context. Fletcher and Luft (2011) found that five science teachers who

had moved towards learner-centred beliefs about teaching in an initial teacher education
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programme shifted back to teacher-centred beliefs about teaching during their first year of
teaching. Similarly Simmons et al. (1999) found that over their first three years of
teaching, science teachers on average became less student-centred in their beliefs about
teaching. In South Africa, most of a group of novice mathematics teachers said they found
student-centred teaching difficult and so many preferred to use a chalk-and-talk method,
whereas none of a similar cohort of pre-service teachers preferred chalk-and-talk methods.
Thus:

rather than conceptualizing the process of teacher developments as moving
lockstep through a series of universal stages (regardless of setting or experiences),
teacher educators are now emphasizing the interrelationships between teachers’
learning and development and the context of teachers’ learning. (Hammerness et
al., 2005, p. 389).

The effect of contexts on conceptions is consistent with the phenomenographic position
that a conception is not some independent entity in the head of a person, but is rather
constituted in the relationship between a person and a phenomenon (Marton, 1981), in this

case the phenomenon of teaching in a particular context.

Novice science teachers may also exhibit a significant gap between their espoused beliefs
about teaching and their classroom practices. They may claim to be learner-centred while
observers classify their classroom practice as teacher-centred (Mellado, 1998; Simmons et
al., 1999). This may be because they have learnt the rhetoric of learner-centred practice in
their teacher education programme, without being able to implement it in practice. In
Bernstein's terms, they may have the recognition rules of learner-centred practice but not
the realization rules (section 2.3.1). However they may also be well aware of the conflict
between what they see as desirable, and what is possible within the constraints of their
contexts, as Brickhouse and Bodner (1992) describe with a second year science teacher.
This relates to earlier discussion of the distinction phenomenographers make between
beliefs and intentions, and the constraints which contexts place on behaviour (section
2.2.2).

A question which then arises is: what counts as learning in novice teachers? How do we
recognise when learning or growth occurs? Kagan (1992b) proposes that growth consists
of greater metacognition, pupil knowledge, awareness of pupil learning, procedural
knowledge and problem solving skills. Anderson et al. (2000) suggest two indicators of

growth: changes in thinking and the trying out of new approaches, even if unsuccessfully.

70



Changes in thinking are important even if students are not yet able to enact them in

practice, because such changes create the possibility for future development.

Despite their limitations, the stage models together with research on the differences
between expert and novice teachers (Berliner, 1992; Hogan, Rabinowitz, & Craven, 2003)
have helped to clarify thinking about the goals of teacher education. Their weakness is that
they do not adequately take contexts into account, and so in the next section | consider the
trajectory of an individual through different contexts.

2.4.4 Trajectories and Recontextualization

In section 1.2.1 | explained that identities have a trajectory through time. In section 2.4.1 |
described how the initial conceptions of a student teacher come from her personal history
in particular classroom contexts, which means that conceptions also have a trajectory
through time. Likewise her knowledge for teaching has a trajectory through time. In other
words, the development of a teacher extends in time from well before a teacher education
programme starts, and takes place in particular contexts. From a complexivist view, a

teacher’s individual history and hence her trajectory are unique.

| represent the trajectory of an individual teacher by the horizontal arrow in Figure 10.
Hammerness et al. (2005) emphasise that the dimensions of teacher learning (described in
section 2.3) take place in a ‘learning community’. Essentially a person who becomes a
teacher passes through three educational contexts: school, university and then school
again. In each of the three contexts, the individual sits under the power of the context,
mediating her agency by means of her identity. Thus the context has the power to impact
the individual considerably, represented by the down arrows. In educational contexts
which are responsive, the individual also influences the context, represented by the dotted
up arrows. Once in the role of a teacher in a school, the individual is in a position of power
in her own classroom, and so she impacts the context of her classroom and at the same
time is impacted by the classroom. Before she becomes a teacher, she practises in this role
as a student teacher, but in this context the classrooms she practises in are not her own —
they belong to other teachers — and so they have potential to affect her more than be
affected by her. So in the course of her trajectory, the balance of the power of the context

and the agency of the individual shift.
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Figure 10: Trajectory of an individual teacher

This means that an individual’s conception of teaching and teacher identity are influenced
first by her own experiences in science classrooms, then by her experiences in a university
teacher education programme such as the B Ed, and then by her experiences as a teacher
in particular schools in particular districts in particular provincial Departments of
Education. The experiences in each of these three areas are different for different
individuals — though they may be similar in some respects — and the combination produces
a unique trajectory for each individual. The inputs in teacher education programmes act as
forces on these trajectories, affecting the directions they take (Anderson et al., 2000;
Samuel, 2003). However, consistent with a complexivist view of education, students in the
same programme are affected in different ways. Anderson et al. (2000) show how three
students moved in three distinctly different directions in response to the same programme.
Fletcher and Luft (2011) found that the impact of fieldwork on beliefs is variable.

The university context in Figure 10 sits sandwiched between two school contexts.
According to Bernstein (1996) all education is a recontextualization from the site of
practice. So we teach people how to teach, not in the schools where they will ultimately
teach, but in universities, with short forays into schools which may be significantly
different from the schools in which they will ultimately teach.

Moreover, the problem with professional knowledge is that some of it is tacit (Ensor,
2000; Kagan, 1992a; Schon, 1987). Thus we attempt to convey this tacit knowledge
through modelling. For example, when | taught a topic to student teachers, | used some
activities which could be suitable for using in classrooms. But students are not the same as
junior secondary school learners. This means that an activity which | had in the past used
at school level needed to be recontextualised before I gave it to students. And should a
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teacher later decide to use the activity, she would need to recontextualise it into the
context of her particular classroom. So every offering in teacher education suffers a double
recontextualisation before it enters a real classroom. Moreover the second
recontextualization is not simply a reversal of the first: the classroom from which it
originated is different from the classroom in which it will end up (Ensor & Galant, 2005).
Furthermore, while the lecturer performed the first recontextualization, the teacher is
expected to perform the second recontextualization. The double recontextualisation makes
it more difficult for student teachers to achieve the realization rules of the pedagogies

presented in teacher education.

Some activities were created by me specifically for my students — | had never aired them
in a secondary school classroom. In this case the first recontextualization was an
imaginary one. The paradox is that the more experienced | became as a teacher educator,
the more often this happened as the distance between me and my experience in real

secondary school science classrooms increased.

In contrast, knowledge acquired by teachers before and after university is acquired in real
secondary schools. Since no recontextualisation is necessary, teachers may find this
knowledge is easier to work with than the offerings in their teacher education. This is
related to Prosser and Trigwell’s constitutionalist model (Figure 6, p. 30) which implies
that the prior experiences which are salient in a particular situation are related to a
person’s perceptions of the current situation. In a school context, other experiences of

school contexts are more likely to be salient than university experiences.

One could argue that if each individual has a unique trajectory, then there could
potentially be infinitely many conceptions. However phenomenography works from the
premise that there are a limited number of ways of experiencing or conceiving a
phenomenon. | note that the complex model of Figure 6 was constructed by
phenomenographers who recognise each individual’s situation as unique but nonetheless
make the assumption that there exist only a limited number of qualitatively different ways
of experiencing a phenomenon. So while each individual teacher has a unique trajectory, |
take the phenomenographic view that there are a limited number of qualitatively different
ways in which the phenomenon of science teaching is experienced by early career science
teachers in the South African context.
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2.5 What Should Happen in Teacher Education?

Two critical problems emerge from sections 2.3 and 2.4. First, what teachers need to learn
is complex and multifaceted — it comprises various bodies of knowledge, as well as
conceptions/beliefs about teaching and teacher identity. Second, the learning of this is not
straightforward: they cannot simply be told. A third problem arises from the premise that
there is not one single best way to teach, as discussed in section 2.2.5. This prompts the
question, what should happen in teacher education programmes? The problem is that
teacher education does not yet have a well-defined pedagogy. However in this section |

will consider what the experts have to say about what should happen in teacher education.

Bullock (2009) points out that good subject teachers are often employed as teacher
educators, with the assumption that it is easy to transfer knowing how to teach a subject to
knowing how to teach others to teach that subject. This was my own experience as a
teacher educator (see section 1.4.3). Competence in subject teaching is presumed to
indicate competence in teaching teachers. But a look at the problems of learning explored
in sections 2.4.1 and 2.4.4 makes it clear that the teaching of teachers presents particular
challenges. Bullock notes that teacher educators also have the problem of an
‘apprenticeship of observation’ — they draw on their own experiences of being a student

teacher, even if these experiences were sub-optimal.

Palmer claims that “good teaching comes from the identity and integrity of the teacher”
(1997, p. 16), which implies that a key aspect of teacher education is the development of
the teacher identity of each student teacher. Taking identity as central is consistent with
regarding education as a complex system, since individual agency is key in a complex
system, and identity facilitates the mediation of agency (section 1.2.1). Increasing a
teacher’s agency by helping her develop her identity as a teacher thus makes sense as a
perturbation in teacher education likely to have a productive outcome. Rodgers and Scott
(2008) describe teacher education programmes both past and present which treat identity
development as central. Metacognition or reflection is central to this process, with
autobiography often used as a starting point, since this makes teachers aware of their
initial conceptions and identities, as well as the origins of their conceptions and identities
(Darling-Hammond et al., 2005). Other metacognitive strategies are personal journals,

blogs, portfolios in which teachers construct themselves as a particular kinds of teachers,
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and discussions about lessons observed or taught (Luehmann, 2007). Robinson (1999)
found that South African students wanted personal development strategies included in

their teacher education programme.

However Rodgers and Scott (2008) caution, drawing on Kegan’s developmental stages of
adults, that not everyone may have reached the developmental stage necessary to be able
to do this identity work. Teachers need to have reached a stage where they are aware of
their own agency in authoring their identities. They also point out that “on the one hand,
independence and self-authoring are desired; yet there is an unspoken expectation that
students will tow the party line” (p. 750) and conform to the teaching ideal held by the
programme in which they find themselves. This implies that, consistent with the
discussion of section 2.2.5, a teacher education programme which takes identity
development as central should be flexible in regard to what counts as good teaching. This
is a challenge particularly where students are assessed on their teaching practicums
according to certain standards. In many cases these standards are national — Graven (2000)
and Parker (2006) both identify the particular identities expected of mathematics teachers
by South African mathematics curricula, and Jansen (2003) points more broadly to the

identity demands which policy makes on South African teachers.

Apart from identity work, teachers need a good foundation of knowledge (Hammerness et
al., 2005). Teachers need the seven domains of knowledge identified by Shulman. For
science teachers, the first of these is science SMK, the teaching and learning of which is
well researched (see section 2.2.5). The challenge lies in the counterintuitive nature of
some science content, but this challenge is well understood. Hence SMK is the least
contentious aspect of a teacher education programme. SMK is not only fundamental to
teacher knowledge, but also to teacher identity — strong subject knowledge positions
teachers as experts in their fields, and thus strengthens their voices in their classrooms and

beyond.

In addition teachers need pedagogical knowledge and PCK. PCK is acquired through
extended practice, and so beginning teachers typically have low PCK (e.g. E. Lee, Brown,
Luft, & Roehrig, 2007). The challenge is to accelerate the development of student
teachers” PCK. Students are given some practice through microteaching and teaching

practicums. In teaching practicums, student teachers are typically mentored by a

75



supervising teacher and a university tutor, though there are different models of mentoring
(Lubben et al., 2011; Maynard & Furlong, 1995; Young, Bullough, Draper, Smith, &
Erickson, 2005). In Wenger’s (1998) view, identity is also about participation, and so
teachers need opportunities to try out new identities in practice. Luehmann (2007) points
out that there is risk involved for a student in trying out a new identity. Positioning herself
as a different kind of teacher affects both how she sees herself, and how she is seen by
others, and she needs a safe space to be able to make mistakes in this process. However
teaching practicums inevitably happen in less-than-ideal schools.

Other methods of developing PCK involve getting students to analyse cases of classroom
practice, construct portfolios of their work which involve analysis of their work, and
engage in inquiry into student understanding (Darling-Hammond et al., 2005). Wood
(2000) got student teachers to use phenomenographic methods to find learners
understanding of economics concepts. Loughran, Mulhall, and Berry (2008) recommend
their Content Representations (described in section 2.3.1) as a good way to help student
teachers acquire PCK. Mavhunga and Rollnick (2012) describe the development of PCK
in student teachers through specifically targeting PCK for a particular topic in a teaching
intervention. Darling-Hammond et al. (2005) emphasise the need to consider student

‘readiness’ for learning and hence the scaffolding which is required.

Teachers also need three context specific domains of knowledge to inform their decision
making: curriculum knowledge, knowledge of learners and knowledge of context. Teacher
education programmes cannot predict these, although they can draw student teachers’

awareness to contextual issues and the need to understand their contexts.

| have identified particular pedagogies above, but key to the success of a teacher education
programmes is the overall coherence of the programme (Darling-Hammond et al., 2005).
A book entitled The missing links in teacher education design (Hoban, 2005) suggests that
this is achieved by essential links which need to be made across a teacher education
programme rather than by particular courses. According to this book, conceptual links are
achieved in part by assignments and cases which cut across courses. Theory-practice links
are achieved by integration of teaching practicums with university courses. Social-cultural
links encourage relationships between faculty, students and schools, which points to the

importance of community in teacher education. This echoes the learning community in
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which Hammerness et al. (2005) situate their model of what teachers need to know
(section 2.3). The last link is that of identity since “it is the human factor that determines
how program principles really work out in practice” (Korthagen, 2005, p. 231). If identity
is key to teaching, then it is also key to teaching teachers, and hence teacher educators also
benefit from identity work. This is reflected in the move towards self-study of teacher
educators (Laboskey, Russell, & Loughran, 2007; Loughran & Russell, 2002).

Teacher learning does not stop at the end of a pre-service programme. First year teachers
typically find the demands of teaching daunting, and often feel that their pre-service
programmes did not prepare them adequately (Adams & Krockover, 1997b; Flores & Day,
2006; Luft & Cox, 2001). Many exit teaching — in America novice teachers leave the
profession at a far greater rate than experienced teachers (Patterson et al., 2003). In South
Africa Chuene et al. (1999) found that the majority of the 34 pre-service and novice South
African mathematics teachers they worked with would leave teaching if the chance arose.
A survey of nearly 300 American teachers found that teachers can cope with one major
negative factor, but with more than one factor, they are likely to leave (P. Green,
Hamilton, Hampton, & Ridgeway, 2005).

Here mentoring plays an important role. This may happen within a school, either formally
or informally, or from outside, with support from a university or department of education.
This is similar to what happens during teaching practicums, with a student teacher
typically supported from within the school by a supervising teacher, and from without by a
university tutor. The efficacy of different models of external mentoring has been explored
in America (Chubbuck et al., 2001; Heider, 2005; Luft, 2009). Luft (2009) concludes that
mentoring by a subject expert is most effective. However, even with mentoring, the

attrition and turnover rate of novice teachers may be high (Patterson et al., 2003).

In summary, teacher education programmes are likely to be most effective where they help
students develop their identities as teachers and develop a strong knowledge base. This is
likely to be achieved best through a variety of pedagogies, including practice teaching and
reflection, as well as through overall programme coherence, implemented by teacher
educators who are self-aware, and complemented by subsequent mentoring of beginning
teachers. However these are merely design principles — the translation of these principles

into a meaningful and effective curriculum is a mammoth task, a task which, in my own
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experience, involves playing off competing demands and resource constraints. And none
of these design principles predict success — what teachers do in classrooms depends also

on the context of the classroom, and the individual history and agency of the teacher.

Thus it is appropriate to explore the experiences of early career teachers in South African
classroom contexts. Better understanding of their realities and what they found useful in
teacher education should inform South African B Ed curricula. As indicated in the
introduction to this thesis, this is an area which needs research, and which this research

project contributes to.

2.6 Conclusion

| started this chapter by asking five questions. In the course of this chapter I have
addressed these questions, though | recognise that my answers are partial — there will
always be more to be said in response to such questions. In answering the five questions |
have attempted to come to a better understanding of the complexity of teaching and
learning to teach. My first question asked about the relationship between teacher education
and learner outcomes. | argued that education is a complex system, where the structure
emerges from the actions of individuals, and the system adapts to its context. A
complexivist view of education takes into account both the agency of the individual, and
her past and present contexts. Take-up of the offerings in a teacher education programme
is affected by individual histories and personalities. Thus there is no simple relationship
between what happens in teacher education and what learners ultimately learn.
Nonetheless it is worth seeking perturbations in teacher education which are likely to have

productive though unpredictable outcomes.

My second question was: what is teaching? | looked at the conceptions of teaching held by
teachers which research has uncovered, typically ranging from teacher-centred to learner-
centred conceptions. In contrast researchers have converged on the idea of teaching as
transformation of SMK into forms accessible to learners. However | argued that the notion
of good science teaching is both contested and context dependent. My third question
followed up by asking what teachers need to know in order to teach. | explored the
knowledges, including SMK and PCK, which teachers need, but argued that this
knowledge is subordinate to their conceptions of teaching and their teacher identities,

which are also essential aspects of their ‘knowing’ to teach.
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The fourth question asked how teachers learn to teach, and in response | first explored the
challenges in learning to teach, and found that these are significant. | then explored some
models which postulate that teachers go through different stages in learning to teach,
although these models have limitations. My last question explored principles for designing
teacher education programmes: the need to take teacher identity seriously, the need to
provide a good foundation of knowledge through a variety of pedagogies, and the need for

overall programme coherence and personal commitment by the lecturers involved.

| have argued that three constructs are central to how teachers teach: conceptions of
teaching, identity as teacher and teacher knowledge. My research project explores the first
two constructs, and looks at the subject matter content of lessons, which is related to the
third construct. Conceptions comprise beliefs about teaching as well as intentions for
teaching — there is typically a disjuncture between the two as a result of the constraints of
a particular context. Teacher identity can be expressed as the ‘kind of teacher’ a teacher
sees herself as, and allows a teacher to mediate her agency within the constraints inherent
in a context. Teacher knowledge comprises different domains, including SMK and PCK,
and is subordinate to conceptions and identity insofar as both a teacher’s take-up of
knowledge and the saliency of that knowledge are shaped by how teachers see teaching
and themselves. These three constructs have a trajectory through time as an individual
moves through different contexts. Although constituted in contexts and influenced by

those contexts, they have resilience as the self negotiates different contexts.

In the course of this chapter, four challenges associated with the work of teacher education
have emerged. The first is that education is a complex system — one cannot simply put the
desired inputs into teacher education and get the desired outputs in schools. The second is
that there is not a universally agreed upon definition of good teaching — what counts as
good is contested and context dependent. The third is that teachers need more than
knowledge to teach, they need enabling conceptions and identities. Finally individual
histories fundamentally affect the way student teachers make sense of and appropriate
their initial training. My research questions recognise these four challenges as follows. In
regard to the first challenge, the complexity of education, | did not seek causal
relationships between inputs in teacher education and teachers’ conceptions and classroom

practices. Rather, the teachers’ narratives give a view on what individual teachers found
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helpful in learning to teach. Moreover | recognised that what happens in classrooms is not
constructed only by the teacher, but also by the learners and both are affected by the
broader school context. In regard to the second challenge, I did not have a standard of
‘good science teaching’ against which I assessed classroom practice, though obviously my
own subjectivity (described in section 1.4.4) came into play, a point I will explore further
in the next chapter. In regard to the third challenge, I investigated teachers’ conceptions of
teaching and their identities. In regard to the final challenge, | investigated individual

histories by means of teachers’ narratives.

| have also shown that my research questions address gaps in the published research
literature. My first and second research questions address the shortage of research into
what happens in South African classroom contexts, referred to in the opening paragraphs
of this thesis. My second research question addresses the gap in science education research
and education research more broadly in regard to the subject matter content of lessons. My
third research question addresses the paucity of research describing different teachers’
discourse identities and also responds to calls to find out why South Africans become
teachers. My fourth research questions addresses the lack of research into South African
secondary teachers conceptions of teaching. In the next chapter | explore the methodology

by which I investigated these research questions.
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Chapter 3: Methodology

With the challenges described in the last chapter as backdrop, | turn to my research design.
In Chapter 1 | located my research as qualitative in the interpretive genre, using narrative
inquiry and phenomenography, with two research instruments, classroom observation and
interviews. The purpose of this chapter is to describe my methodology in detail and
provide the rationale for the research design. I first provide my rationale for the research
instruments which | used, then describe the sample, outline the data collected, and address
the ethics of the research project. Integral to my methodology is the way in which | have
addressed the validity of the research, so | explore some concepts relating to research
rigour. Then, consistent with a narrative approach, | tell the story of one day of
observation and use that story as a reference point for critiqguing my instruments. Finally |

consider the validity of the analysis of the chapters which follow.

3.1 Rationale for the Research Instruments

My first two research questions explored the classroom practices of early career science
teachers, looking at the form of the activities (first question) and the quality of the science
content of their lessons (second question). The instrument used extensively to find out
what happens in classrooms is classroom observation, both in South Africa (e.g. Adler &
Reed, 2002; Rogan, 2004; Rollnick et al., 2012; N. Taylor & Vinjevold, 1999) and
elsewhere (e.g. Lawrenz, Huffman, & Appeldoorn, 2002; Luft, 1999; Newton, Driver, &
Osborne, 1999) and thus it seemed the obvious instrument to use. | give the rationale for

the particular classroom observation instrument which | used in sections 3.7.3 and 3.7.4.

As noted in Chapter 1, my first two research questions were intended to be wide-angle
lenses, taking in the breadth of the repertoire of the teachers’ practices. Therefore I wanted
to see multiple lessons taught by each teacher, across different grades and topics.
Observation of a full school day on a timetable day where the teacher taught different
grades would have met this requirement. However because of my concerns about
classroom reactivity, i.e. how what happens in the classroom changes as a result of an
observer (elaborated in section 3.7.1), | felt that one day of observation was insufficient.

At the same time | was mindful of the scope of a doctoral thesis and did not want to
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generate more data than I could do justice to within the scope of such a project. More days
of observation per teacher reduced the number of teachers I could include in the sample.
Taking the advice of more experienced colleagues, | decided on two non-consecutive days
of observation. Non-consecutive days gave me a wider lens, as no lessons were follow-on

lessons of lessons | had seen previously.

With regard to the timing of the visits, | wanted to observe lessons once teachers and
learners were well established in their normal classroom routines, again because of my
concerns with classroom reactivity. Thus | did not want to observe teachers too close to
the start of the academic year. | also did not want to observe lessons just before
examination periods, when the focus would be on the impending examinations. At the
same time, the timing of the visits needed to fit in with the demands of my academic job
and the availability of the teachers. The timing of the visits as it worked out in practice

with these constraints is given in section 3.3.

In order to answer my last two research questions, about the teacher’s professional
identities and conceptions of teaching, | used narrative inquiry and phenomenography
respectively. By far the most commonly used instrument in both these research approaches
is interviewing (Akerlind, 2005; Riessman, 2008), and so it made sense to use interviews.
| give the rationale for both the content and the nature of the interviews in section 3.8.

An alternative to interviews would have been to get the teachers to respond to
questionnaires. My rationale for choosing interviews over questionnaires is as follows.
Questionnaires would have amounted to yet another piece of paperwork for teachers who
already find administrative demands burdensome. In contrast teachers typically get few
opportunities to talk in depth about their work and generally enjoy doing so. In addition |
recognised the pressures under which teachers work, and that my research made demands
on their time. Interviews give more information per unit time than questionnaires, so were
a more efficient use of teachers’ precious time. So the choice of interview had ethical
underpinnings — I felt it was kinder to teachers. Moreover interviews produced richer data
than questionnaires are likely to have, and allowed for further probing of teachers’
answers. One could argue that questionnaires would give teachers time to think but 1
achieved this in part by multiple interviews and by warning the teachers about one major
question | would be asking them (see section 3.8.2).
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Research Instruments Research questions

® (Classroom p 1. Lesson activities
observation

2. Quality of science content of lessons

® Interviews =P 3. Teacher identities

> 4. Conceptions of teaching

Figure 11: Relationship between research instruments and research questions

| have argued that classroom observation was the logical instrument to use for my first two
research questions, and interviews were the logical instrument to use for my last two
research questions. However both instruments addressed all four questions, as shown in
Figure 11, with observation foregrounded in addressing my first and second questions and
interviews foregrounded in addressing my third and fourth questions. The interviews
retrospectively informed the observation as they gave me the teacher’s perspective on
what | observed. The observation informed the interviews as it gave me a context for
better understanding what a teacher said in interviews and was a shared experience from
which we both could draw to ground our discussion. This dialectical relationship between
the observation and the interviews was my intention from the start, and enriched the

research design.

3.2 Population and Sample

As explained in Chapter 1, the population of this study was past students of mine:
qualified, early career physical science teachers with a four year teaching qualification
from the University of the Witwatersrand. In this section | will define the terms of this
population and then introduce the sample. By ‘qualified’ I intended graduates of the B Ed
degree or its predecessor, the HDE, who qualified with secondary physical science as a
teaching major, and mathematics as a sub-major (or in the case of some of the HDE
students, as a second major). By ‘physical science teachers’ I mean secondary teachers
teaching the school subjects Physical Sciences and / or Natural Sciences. This means |
excluded teachers who were not teaching science. However, | included teachers who were

also teaching a second subject provided that science was their main subject.
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What do I mean by ‘early career’? I chose not to call these early career teachers ‘novice’
teachers, since:

complexity science renders problematic those discourses that focus on peripheries,
fringes, border spaces, novices and other notions that suggest that complex forms
might have clear centers, boundaries and origins. (B. Davis & Simmt, 2003, p.
143).

In other words, | did not position early career teachers on the periphery of a community of
practice (Lave & Wenger, 1991) but rather allowed that they could be significantly
impacting the complex school communities in which they are situated. I felt ‘early career’
was a label which signalled their relatively short teaching careers without casting
aspersions on their competency.

| wanted teachers who had found their feet in teaching. First year teachers are typically in
survival mode (see section 2.4.3), and so their identities as teachers can be expected to
only stabilise thereafter. Hence | wanted teachers who were at least in the second half of
their second year of teaching, which in terms of the period of data collection meant
teachers who graduated in 2008 or earlier. How long is one an early career teacher? |
needed to define an upper limit to this label. One way to define the upper limit would have
been to look only at science teachers with a B Ed degree, i.e. those who graduated in 2006
or later. However this population was too small: only fourteen teachers graduated from the
University of the Witwatersrand with a B Ed majoring in physical science during the
period 2006 — 2008, and of these at least half were not teaching science in South Africa —
some were teaching mathematics, some had moved out of teaching and one was teaching
in England — and | was unable to contact all of those who were teaching science. Another
logical cut-off would have been those teachers who had been taught all their physics and
science teaching methodology by me, i.e. those who graduated 2005 or later, which only
added two suitable and contactable teachers to the population. Such teachers had under
five years of experience. With five years of experience, a teacher is eligible for promotion

in the South African system, so five years is a logical cut-off point.

Table 2 gives details of the eight science teachers who participated. All names are
pseudonyms, chosen for convenience to start with the letters A — H. In the end the sample
comprised five teachers from the population described above who were willing to
participate and had principals who were agreeable (Mr Abrams, Mr Baloyi, Ms Emeni, Ms
Gray and Mr Hlope) as well as two teachers who graduated in 2004 (Ms Cole and Ms
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Fikela) and a teacher who had only a sub-major in physical science (Mr Dube). Mr Dube
was included by mistake — he had started his degree intending to do a physical science
major and | forgot that he had switched™. I only realised my mistake on my second visit
with him. However | found his contribution to the data very useful, as my analysis will

show, and | would have found it ethically difficult to discard the data after he had given

me willing and enthusiastic access to his classroom.

Table 2: Sample and Overview of Data

Teaching Dates of Lessons | Typical no. Tvoe of
experience | Teaching | - observed: | of learners s)(/:Fk)]ooI Own
as at my Qual. | grade xno. | presentin teach secondary
20d visit ©SS0NS | oflessons | observed | 2" | schooling
(years) (trepeats) lessons s
B Ed 8 x3(+1) : .
Mr Abrams 1,9 (Science) 1%%2/%?0 9 x3 33 Mlltjltl'l Mlltjltl'l
BScHons 10 x 1 cultura cultura
8 x2(+3)
. HDE 29/10/2009 | 10x 2 . .
Mr Baloyi 49 (Science) | 12/10/2010 | 11x 2 35 Township | Township
12 x1
HDE 8 x2 .
MsCole | 57 | (Maths& | 1008/2010 19 x2 20 Private | Multi
. 19/8/2010 cultural
Science) 10x2
HDE 3/11/2009 | 10x 2 . .
Mr Dube 48 (Maths) | 221912010 | 11x 2 (+1) 20-36 Township | Township
HDE
. : 12/8/2010 | 11x2 Inter-
MsEmeni | 47 | (Bdene) | 161812010 | 12x2 21 vention | U
HDE
. 5/5/2011 Inter- .
Ms Fikela 6,4 (s'\f;?(;[gie% 10/5/2011 9 x5(+2) 22 vention Township
B Ed 16/5/2011 | 10 x 2 (+1) Multi- .
MsGray | 29 | stience) | 141012011 | 11x2(+1) | 2 | cutural | PTVEE
BEd | 3312011 |9 x3(+4) |
Mr Hlope 43 (Science) | 7/312011 | 10x3 (+2) 40 Township Rural

| added two teachers who graduated in 2004 in order to increase the size of the sample: |
purposively selected Ms Cole and Ms Fikela because they had both done some creative

teaching as student teachers and | was curious to see how they had developed further as

9 The reason he made the switch is elaborated in section 6.2.5.
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teachers. Both Ms Cole and Ms Fikela had less than five years of experience, when |
originally intended to visit them, but they had more than this by the time | actually saw
them. For example, | originally planned to see Ms Fikela two years before | saw her, but
my own work pressure meant this did not happen. Then | organised to see her about a year
later at a different school, but the day before my scheduled visit, her principal cancelled,
as the school was in crisis and closed down soon after. Thus it was only the following year
that I saw her. By this time she had six years’ experience, but I felt it would be ethically
wrong to drop her from my sample after she had expressed enthusiastic anticipation of
participating. Some teachers felt privileged to be included in my research, so retracting the

‘privilege’ after committing to it would have been unethical.

To what extent did my actual sample fit my intention of ‘early career teachers’? Despite
being near the end of his second year of teaching, Mr Abrams’ teacher identity had not yet
stabilised in the way that | hoped, as will be evident in Chapter 7, although there were
factors apart from the duration of his teaching experience contributing to this. This
suggests that my decision to not use teachers with less than 1.5 years of experience was a
good one. At the other end of the scale, despite her 5.7 years of experience Ms Cole saw
herself as still having lots to learn, so experienced herself as an early career teacher. In
contrast Ms Fikela was already looking ahead to having other teachers learn from her,
which indicates she experienced herself as beyond this category. This suggests that my

intended upper limit of five years of experience was not unreasonable.

The sample taught in four distinctly different types of schools, which | have termed
multicultural, township, intervention and private. Multicultural schools are well-resourced
and well-functioning schools, which were privileged white schools under apartheid. The
term ‘multicultural’ reflects the demographics of the learners and to a lesser extent the
teachers who are often white in the majority. The school culture has not shifted to the
same extent as the demographics — the entrenched traditions still reflect the school’s
origins. Multicultural schools are state schools, but parents pay considerable fees which
provide additional teachers and resources. In contrast, township schools are black schools
(both learners and teachers) which were deliberately neglected under apartheid and which
continue to function sub-optimally (see section 1.4.1). They are state funded, and typically
provide school lunches to some learners. Intervention schools use donor funding to give a

good educational opportunity to disadvantaged youths who would otherwise probably be
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attending a township school. Private schools are elite, well-resourced institutions, typically
with white learners in the majority. These are not the only types of schools in the South
African education spectrum, but are the types relevant to this study. The vast majority of
schools in South African are township or rural schools.

The sample received their own secondary education in diverse schools: Ms Emeni and Mr
Hlope both attended rural schools; Mr Baloyi, Mr Dube and Ms Fikela attended township
schools; Mr Abrams and Ms Cole attended multicultural schools; and Ms Gray attended a
private school. This means that Mr Abrams, Mr Baloyi and Mr Dube taught in the kind of
schools they themselves attended, but the others did not. Ms Cole attended and started
teaching in a state multicultural school but moved to a private school two years before |
visited her. Ms Fikela had taught in an international school (teaching a British
curriculum), then spent most of a year in a small private school which as mentioned earlier
closed while she was there, and so she moved to an intervention school the year | saw her.

The rest of the teachers had remained in the same schools they started teaching.

3.3 Overview of Data

Table 2 also gives an overview of the data collected. The data was collected during the
period October 2009 — October 2011. In regard to my intention to collect data once
teachers and learners were well established in their normal classroom routines, all data
was collected from May onwards™, except in Mr Hlope’s case where I collected data in
March since he had taught all the same classes the previous year. This means that all
teachers had spent at least four months with their classes before | observed them. Half of
the data was collected during August and September 2010, with the last three teachers
observed in 2011. The last day of data observation (with Ms Cole) happened much later
than originally planned because of unexpected events in her personal life. The first two
days of data (with Mr Baloyi and Mr Dube) were collected closer to examinations than
originally planned. This was because | collected some data in a hurry in 2009, as | thought
I might need some data for a symposium | was part of and | already had ethics clearance.
Although I did not use the data for the symposium, this experience was very useful, as |

will explain in section 3.7.3.

1 The school year starts in mid-January.
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Together with the teachers, | selected two non-consecutive days where | would see
teaching across different grades. This meant | saw at least one lesson, but usually two
lessons, taught to each grade the teacher taught. Seeing different grades also meant | saw
different disciplines (physics, chemistry, life science, earth science) and different topics
within those disciplines. This meant that I got a view of the breadth of each teacher’s
practice, as hoped for. The majority of the lessons happened to be physics, but I also saw a
number of chemistry lessons and in the junior grades a few biology lessons and one earth
science lesson. Overall | saw 57 lessons, distributed across grades 8 — 12. The periods
ranged in length from 30 — 45 minutes. Some lessons used double periods but have been
counted as single lessons. In fifteen of these lessons, the teacher gave a lesson | had
already seen given to a different class, which I have termed ‘repeat’ lessons, though no
lesson is ever truly a repeat because of the contributions of learners as well as the changes
a teacher makes in response both to different learners and to her reflection on the previous
lesson. The repeat lessons are shown in brackets in Table 2. Of course the first time |
happened to see a particular lesson may have been a ‘repeat’ lesson for the teacher — she
may have taught the lesson on a previous day. I excluded the first two of Mr Hlope’s
lessons from the data analysis, because the first day | saw him, his school closed early
unexpectedly as there was no water, and | then saw him on another two full days. In

addition to the lessons listed, | spent a total of 40 — 140 minutes interviewing each teacher.

3.4 Ethics

Ethics clearance for this study was granted by the Ethics Committee in Education of the
Faculty of Humanities (protocol number 2009ECEG0; see Appendix B). According to a
former chair of this committee (David Bensusan), there are two principles which underpin
ethical research. The first is that the research should not cause harm to the research

subjects in any way. The second is that the privacy of the individual should be protected.

3.4.1 Ethical Standards

These two principles are interpreted into various standards of practice by the ethics
committee, and so I will discuss three standards which applied to my research. The first is
the standard of ‘informed consent’ expressed as follows in the University of the
Witwatersrand “Code of ethics for research on human subjects (non-medical)”

The aims and nature of the investigation should be communicated as fully as
possible to all subjects/informants, so that they may make an informed decision
about whether or not to participate in the study. It should be made explicit that
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participation is voluntary and that the subjects/informants may withdraw from the
study at any time. It should also be made explicit that choosing not to participate
holds no adverse consequences for subjects/informants.

In other words, informed consent involves three aspects: understanding of the research,
choice to participate and choice to withdraw after initially consenting to participation.
Although the focus of my research was teachers, learners were also in my field of view —
they were literally in the field of view of the camera. Thus | gave both teachers and
learners information letters, which included all three of these aspects (Appendices C and
D). The teachers received the letters by email before agreeing to the research. The
learners were given the letters on the first day | observed a lesson in which they were

present.

The second standard of the Education Ethics Committee is that any interviewing, or audio
or video recording needs to be agreed to in writing by the participants. This meant that
each teacher signed three letters of consent (Appendix E), since the teacher was
interviewed with an audio recording, and observed with a video recording. The learners
needed to sign letters of consent for the video-recording (Appendix C). The Education
ethics sub-committee at the time also required letters of consent from parents of learners
under fourteen years, with those learners required to sign letters of assent rather than
consent. However | visited the teachers who taught grade eight in August or later in the
year, when at least two thirds of a class of grade eight learners would have been fourteen
years, and the remainder at most four months from turning fourteen®. | felt that it would
be unfair and hence unethical to embarrass younger learners by singling them out, and so
did not get their parents’ consent. The criterion of age is fairly arbitrary when dealing with
learners who are in the same grade, and anyhow the Education ethics committee revised
this age during the course of my research. Getting consent from parents would also have
required me to visit schools before doing the research, which would have created a

problem in regard to absentees, since there may then have been learners present for the

12 These letters are not dated because they were given on different dates to the different teachers and their
learners.

BIn South Africa, children start school in the year they turn seven, which means that they turn fourteen in
grade eight if they pass every year. However if they do not demonstrate school readiness, then they may start

school a year later. Often children born towards the end of the year are held back in this way.
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first day’s observation who were not present when I explained the research and asked for

their permission.

The third standard is that a researcher needs to be clear up front about issues of
confidentiality, and this was addressed in the letters of information. In these letters, | made
it clear that pseudonyms would be used, but I reserved the right to use exemplary clips
from the video recordings, as | explained in the letters of information to teachers
(Appendix D) and learners (Appendix C). This addressed the Education ethics sub-
committee’s view at the time that video or audio recording is not invasive, but can be

problematic in terms of what happens to the material afterwards.

In addition to meeting these three standards, | obtained written permission from the
Gauteng Department of Education, and verbal permission from the principals of the
schools | worked in. Although the latter was not a requirement of the Education ethics
committee or the Gauteng Department of Education, it was appropriate to respect the
jurisdiction of principals over their schools.

The above discussion makes it appear that ethical issues are straightforward: stick to the
principles and standards of practice, and the researcher will be fine. However | discovered
there are ethical tensions which operate in practice and “that ethical principles are not
absolute, generally speaking, [...], but must be interpreted in the light of the research
context and of other values at stake” (Cohen et al., 2000, p. 56). | will explore such
tensions in regard to classroom observation in the next section. There are also tensions
inherent in the principle of privacy insofar as | will be given credit for my research by
name, but the teachers who helped me, at personal inconvenience, will not. Thus what
appears as a good principle contains an unquestioned power relationship, where my status
as a university lecturer guarantees that my intellectual property is protected, but the
teachers’ intellectual property is not (Odora-Hoppers, 2002). 1 committed to
confidentiality at the start of my research, so will not change this situation, but | note here
that it is not the only route | could have gone. A colleague has chosen instead, in
consultation with her research subjects who are secondary school learners, to use their

actual names in reporting their responses (Khupe, 2011).
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The no-harm principle is not as straightforward as it may appear. Naturally the intention of
my research was for benefit, but the intention was to benefit teacher education — by better
understanding the experience and practice of early career teachers — rather than benefitting
the teachers in any way. | hoped that the teachers involved would benefit from the
opportunity to reflect on their practice (Lyons, 1998) and from ‘narrative learning’ —
learning from life by narrating it (Goodson, Biesta, & Adair, 2010) — but this was not the
intention of the research. Instead, the teachers experienced the discomfort of having the
imposition of an observer in their classroom. For one teacher, Mr Hlope, this discomfort
was intense: he experienced nervousness with my first visit to the extent of his mouth
drying out so that he found speaking difficult (see section 4.1.2). | could do nothing except
apologise for this afterwards. However, despite this discomfort, | note that Mr Hlope was
one of the teachers who particularly expressed gratitude for my visits.

My research did benefit one school, where Mr Baloyi chose to pass on the pack of
interview transcripts and lesson narratives (mentioned in section 3.5.2) to his principal.
The principal read through the lesson narratives, which were purely descriptive and did
not contain any evaluation or comment, and as a result took measures in his school both to
cut down on the number of interruptions during lesson time and the noise level during
lesson time. Mr Baloyi reported that these measures had indeed impacted positively on his

teaching.

In this section | have argued that my research met the ethical standards of the community
in which | practised my research. This was achieved not only by the necessary paperwork
at the beginning, but also by the way in which I carried out my research and reported on it,
respecting the dignity of research subjects throughout the process of research, including
data collection, analysis and presentation of results (Cohen et al., 2000; Maxwell, 1996). |
will add to this discussion in the next section when | describe the ethical dilemmas in
classroom observation | encountered on the ground. The interviews and analysis did not
confront me with such ethical dilemmas and so | will not specifically consider the ethics
of interviews or analysis, though I carried the principles of no harm and privacy through to

the end of the research process.
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3.4.2 Ethical Tensions in Classroom Observation

On my first day of data collection, | used the information letter and letter of consent for
learners which | had submitted to the ethics committee, and came to three important
realizations. Firstly the language of the letters was inappropriate for junior secondary
learners, especially learners whose mother tongue is not English — I was giving them a
letter they could not easily access, which was not ethical at all. The letter was also far too
long for learners to be able to read quickly. Third, 1 was reminded how long it can take
junior learners to do something as simple as write their names twice (in the body of the
letter and at the end), sign and write the date. Fourth, | realised that giving each learner
two pieces of paper created some confusion, and that it would be better to give them one
piece of paper with both letters. It was only in the embodied setting of the classroom that |
came to these realizations — | was not able to imagine the situation sufficiently vividly
beforehand. As a result, | revised the letters, leaving the content essentially unchanged, but
simplifying the language and shortening both the information letter and the consent letter
(Appendix C). I also removed the superfluous writing of learners’ names at the end under
their signatures, so that they would only have to write their names once. And I reduced the
two letters onto one page. All of the above means that I did not follow my commitment to

the Education ethics committee ‘to the letter’, but the essence was unchanged.

The time it took learners to complete the letters of consent highlights an ethical issue: that
of the time taken to explain, hand out and collect letters of consent. | have an ethical
discomfort with the teaching time which was swallowed by my research. While | think
that it was important that learners were told what the research was about and asked
permission, 1 am not convinced that the process of them signing a form made the research
more ethical. | felt as though the whole paper exercise was there to protect me rather than
the learners, with the learners being disadvantaged through lost learning time. | addressed
this concern by trying to get the ethics ‘done’ as quickly as possible at the beginning of the
first lesson with each class. But this meant the learners did not really have time to read the
letters — instead I said “the letter on the left explains what I have already said to you.” So
most learners ended up in the position of signing something they had not actually read,
which is in itself an ethical dilemma. However both of Ms Emeni's classes insisted on
reading the full letter and form before they signed — I got the impression that someone had

given them the good advice never to sign something they hadn’t read.
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An alternative would have been to use the time which | spent talking to learners to read
the letter to them. However my initial introduction was important for me to establish a
rapport with the class, as | will explain in section 3.7.2. Reading without eye-contact
would not have had the same effect. In an ideal world, I would have liked to stop the
clock, explain my presence, read the letter and the form aloud, and give learners ample
time to complete the forms. But in the real world the clock keeps ticking, and the
distribution, reading and filling in of forms takes up teaching time. To use precious
teaching time for research is unethical, particularly in township schools where teaching
time is already severely eroded in various ways (Bayona & Sadiki, 1999; Clark & Linder,
2006).

Related to ticking clocks, a teacher is used to periods of a certain length, and so develops a
feel for what it is possible to do in a single lesson. Although | warned the teachers in
advance that | would need to take some time at the beginning of a lesson, it happened
regularly that teachers did not complete what they anticipated they would within a lesson,
at a time when they were being observed and so naturally wanted to demonstrate
successful lessons. So in effect my exercise in ethical behaviour effectively interfered

unethically with teachers’ planning and performance.

Apart from the time it took, the process was flawed with respect to latecomers and
absentees. Latecomers did not hear my explanation. They were then either handed a form
by their peers — and typically signed without knowledge of what they were signing — or
they did not receive a form. Latecomers are often an issue in the first period of the day and
after break in township classes where they stream in long after the start of a lesson. But
even in the situation where there were few latecomers, the bottom line is that | cannot
claim that their experience of my research met ethical standards. | also did not get
permission from learners who were absent on my first day of observation, because | chose
to not disturb their class’s next observed lesson by asking who was not present previously.
Again this was a trade-off between competing ethical considerations: the signing of letters
versus the teaching time it took. However | did ensure that | always had spare consent
forms with me on the second day lest | was asked for such. In any event, many learners
did not in fact feature in the videos, as the camera was not sufficiently wide angle to take
in the whole class.
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In addition to my situated realizations regarding the inappropriate letters of information
and consent, | had two other insights on my first day of data collection. | realised that it
was appropriate that I not only ask learners’ permission to videotape, but that I also ask
their permission to be present in their class. Thus I framed my introduction in these terms.
| also realised that in practice, asking if anyone objected was unfair and unethical — peer
pressure makes it difficult for learners to stand out from the crowd by saying no. Rather |
needed to ask learners to put their hands up if they were willing to help me. Of course,
getting learners to put their hands up also involves a measure of peer pressure, but at least
this situation is one in which to comply with the majority requires an action, rather than

the other way around.

However, | did not always remember to ask learners to put their hands up. So although 1
always started by asking their permission, | did not always give them a chance to express
it other than in the signing of the letters of consent, by which time it was even more
difficult for them to go against the flow and refuse to sign a letter. But at no point did any
learner express objection — instead learners generally welcomed me, and there was a sense
in some cases of their being privileged to have a visitor. In this regard another ethical issue
came to light: the ethics of watching some classes and not others. Mr Dube explained:

Those who happened to see you today were like boasting to those that you didn’t
see today. And then | was fighting with the grade elevens during lunch, they were
like saying, “Sir, last year we didn’t get to see Ma’am and this year we are not
going to see her again.” | said that “we are actually working with the timetable,
I’m sorry guys, you’ll meet her one day.” But the influence of you being here, it
make them — the reason why we say to them “do science”, because you motivate
them. If a science lecturer comes here, to them it’s like Jesus is coming here.

This response reflects the rarity of white visitors in township schools. In summary, |
aspired to research which was ethical towards all involved, but came to understand that
ethical behaviour in classroom observation is not straightforward and can involve trade-

offs between different ethical ideals.

3.5 Research Rigour
Before describing my methodology in detail, 1 want to construct a framework for
evaluating the rigour of my research design. Scientists in a positivist paradigm argue for
research rigour through the constructs of validity and reliability. A study has validity if the

experimental design is aligned with the research questions and the research instruments do
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in fact measure what they purport to. For example the relationship between two variables
can be investigated if all other variables are kept constant — thus control of variables is
used to argue for the validity of a research design — and measurements are also taken over
a sufficient range of values to ascertain the nature of the relationship. Reliability is about
the repeatability of the results of an investigation and is achieved by repeating
measurements to demonstrate consistency in the measurements. Such a framework works
where Newtonian causality operates, but is not suitable where behaviour is unpredictable
such as in the social sciences. Nonetheless there is a need for research rigour to establish

the credibility of social sciences research.

There are a variety of concepts and strategies which social scientists use to approach the
challenge of rigour. Confusingly, they sometimes use different terms to refer to the same
concept or strategy, or the same term to refer to different concepts or strategies. The
distinction between validity and reliability is also not clear-cut, for example repeated
observations over a period of time can be constructed as reliability or as validity through
time triangulation (Cohen et al., 2000). Many do not refer to reliability at all, which is the

approach | will use, since conceptions, identities and classroom practice change over time.

However there is consensus that validity is about the trustworthiness of the research.
Maxwell (1996) and Polkinghorne (2007) contend that trustworthiness is not established
through particular strategies but rather through the argument that the researcher makes,
which may draw on particular strategies. An argument relies on evidence as well as the
rejection of counterclaims which are threats to validity (Toulmin, 1958). Maxwell (1996)

suggests starting by consideri