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Abstract

Science teaching quality, a shortage of specialists and retention of science teachers
have been longstanding concerns for governments internationally. To address these issues,
many countries have diversified routes into teaching to enable high quality candidates from
diverse science backgrounds enter the teaching profession. In England, the government has
opened the ITT market by extending school-based training routes allowing more career
changers to enter teaching. However, the experiences of career changers in ITT programmes,
their readiness to teach, and how they develop knowledge and skills are underexplored.
Furthermore, syntheses of international research literature on the effectiveness of different
approaches to preparing science teachers are lacking. The relationship between teachers’
voices and approaches to their preparation is fundamental in developing coherent ITT models
that better align theory with practice. This study identifies how best ITT programmes can
prepare trainees to teach science in secondary schools by gathering data through two different
methodologies: through a synthesis of the available international evidence on effective
approaches to preparing science teachers, and through a qualitative case study that explores
the views and learning experiences of trainee science teachers enrolled on a teacher training
programme in England. A framework based on Pedagogical Content Knowledge (PCK)
developed during the study and a thematic approach are used to analyse and synthesis data
generated through the two methodologies. Findings reveal evidence of effective strategies for
preparing science teachers and show how trainees develop themselves professionally by
drawing on five pillars of teaching within contextual factors that influence their learning.
Collectively, the findings assemble into a novel ITT model which, alongside a set of
evidence-based practices identified in the study, can guide the design of learning
opportunities for trainee teachers. The model supports policies aiming at narrowing the
theory practice gap to increase trainees’ access to quality training.
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Chapter 1. Overview of the Study

This chapter provides an overview of the entire study. It starts with an introduction
outlining the problem statement of the study followed by the rationale for the methodological
approach undertaken to answer the research questions. The aims and research questions are
then presented. Further, the chapter provides some information on the researcher’s

background and outlines the next chapters of the thesis.

1.1 Introduction

The role of science education in developing scientifically literate citizens able to make
informed decisions and to contribute to the economic growth and international
competitiveness has global recognition (Goldberg and Harvey, 1983; Drori, 2000; House of
Commons, 2002). To develop scientifically informed citizens, many countries strive to
improve teacher education programmes (Osborne and Dillon, 2008; AITSL, 2011a; Darling-
Hammond, 2017; DfE, 2019). To improve education programmes, a great attention has been
paid to high-quality teaching and teachers. In science education, concerns have been raised
about students’ low attainment in international league tables and low rates of progression in
science subjects (Dillon, 2009; OECD, 2010; DeWitt and Archer, 2015; OECD, 2016).
Darling-Hammond (2007; 2010) comments on a stagnant underperformance of students in
the US, especially in poor areas where students are being taught by inexperienced and
unqualified teachers. In their Critical Reflection paper, Osborne, and Dillon (2008) analyse
common issues with teaching science in schools across nine European countries. Their
analysis reveals that countries face similar challenges. A big challenge internationally it has
been to make science more attractive to students to increase their participation in science and

their motivation to follow a science career (Osborne and Dillon, 2008; Smith, 2010). Several
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reasons for low achievements in science and the decline in the number of students following
a science career were identified. First, teachers across countries have been constantly blamed
for their lack of ability to make science understandable to students (Osborne and Collins,
2000; Lyons, 2006; DeWitt and Osborne, 2008). Making science understandable to students
is crucial in increasing their participation and motivation in science. However, science is not
viewed to be an easy subject. Discourses around ‘difficult science’ have been problematised.
Studies on students’ attitudes and motivation in science found that science is perceived by
students as an abstract subject, complex and difficult to grasp (Osborne and Collins, 2000;
Osborne, Simon and Collins, 2003; White and Harrison, 2012; DeWitt and Archer, 2015).

Thus, making science understandable to students is a challenging task.

In addition, powerful accountability measures place pressure on teachers and students
to perform well in national and international tests. Ryder (2015), in a review of teachers’
experiences of externally driven science curriculum reform, reveals that, in many countries,
there are accountability measures that force teachers to ‘teach to the test’ (p.114). These
pressures often determine teachers to quit teaching early in their career leaving the system
with a shortage of specialists. For example, in Netherlands, 22.5% of upper secondary
teachers leave the profession within their first 5 years (OECD, 2014 in Guerriero, 2017).
Hobson, Giannakaki and Chambers (2009) cite evidence from the US showing that 30% of
teachers quitted teaching after one year in the profession and nearly one quarter of teachers

left the profession within their first three years (p. 322).

The above issues with science teaching and teachers resonate nationally. In England,
the average science score has remained constant since 2006, as the Programme for
International Student Assessment National Report reveals (DfE, 2016c¢). The report raises

concerns about the attainment gap between students in science. The gap between advantaged

16



and disadvantaged students is also highlighted in the white paper Educational Excellence
Everywhere (DfE, 2016a). The paper highlights the progress made whilst acknowledging that

the progress ‘is not felt everywhere’ (DfE, 20164, p. 5):

There are increasing numbers of outstanding and inspirational schools, but this
excellence is not yet a reality across the whole country. There remain areas of
chronic underperformance, where low standards are exacerbated by a lack of

capacity to improve (DfE, 20164, p. 6)

The Education Policy Institute (EPI) report (2020) shows concerning evidence that the
disadvantage gap has significantly widened in the last decade, and it is likely to worsen due
to the recent lockdown caused by COVID-19 pandemic. In science, the lack of specialists in
schools, especially in disadvantaged areas, further deepens the inequalities among students.

In England, science education has always suffered from a shortage of specialists (Smith,
2010; Woolhouse and Cochrane, 2015). With a successive emphasis on accountability
measures and pressures to raise students’ achievements in international and national league
tables (MacBeath, 2011; Ryder, 2015), science teachers, compared with teachers in other
subjects, are more likely to quit teaching ‘exacerbating the ongoing national shortage’ of
specialists (Menter, 2016; Allen and Sims, 2017, p. 5). Menter (2016) cites evidence
according to three in five teachers have thought about quitting with science teachers being the
most likely to want to leave. Likewise, based on data from the Department for Education’s
School Workforce Census (SWC), Allen and Sims (2017) found that the percentage of
science teachers leaving their school within five years is 26% higher than non-science

teachers.

Through its vision of ‘excellence everywhere’, the government has aimed to place a

specialist in every classroom (DfE, 2016a) and has diversified routes into teaching while

17



increasing the entry requirements and accountability measures (Furlong, 2008; Mclintyre,
Youens and Stevenson, 2019). Routes into teaching such as School Centred Initial Teacher
Training, (SCITT), School Direct (SD) or Teach First hope to attract highly academic
candidates in the programme from different fields and with different level of experiences.
Yet, the process is not straightforward. The Department for Education in England recognises

the difficulty with the recruitment and retention of ‘great teachers’ (DfE, 2016a, p.12):

... teacher recruitment is becoming more difficult as the economy grows stronger,
competition for the best graduates and career changers increases.... At the same time,
the number of teachers we need is steadily increasing as pupil numbers grow and as
schools invest more teaching hours in core subjects, the demand for teachers in some

subjects is rising even faster (DfE, 20164, p. 12).

Problems with recruitment and retention of good teachers have been more acutely felt
in science than in other subject areas. Currently, in England, the candidates for science
training have a range of options for entering the teaching profession, yet they must possess a
science degree. Although the candidates have a science degree, their scientific background
does not always align with the science subjects taught in schools (biology, chemistry, and
physics). This misalignment may have consequences on the quality of teaching and learning
and ultimately on the retention of science teachers. For example, Kind (2014), in a
quantitative study involving graduates with good science degrees enrolled in one year
university-based teacher education programme in England, found that initial teachers’ content
knowledge in the subject outside their specialism was insufficient for teaching despite their

possession of good science degrees.

Commonly, the call for ‘great teachers’ able to make science understandable to

students, much highlighted in policy documents (DfE, 2010; DfE, 2016a), encourages
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candidates to teach outside their specialism. The effect is that many career changers enter the
profession with prior beliefs about teaching and learning science, limited knowledge, and
skills for teaching, and low confidence (Kind and Kind, 2011; Kind, 2014; Woolhouse and
Cochrane, 2015). In the context of accountability and performativity which characterise the
education system in England, trainees need adequate and consistent support for developing

good conceptual understanding, skills, and confidence for teaching.

Efforts to improve ITT have been ongoing for the last two decades. The government
has funded subject knowledge enhancement programme to allow ITT candidates to increase
their subject knowledge before meeting the Teaching Standards (DfE, 2014b; DfE, 2021a).
Carter (2015) conducts a review of ITT to identify key elements of the programmes that
equip trainees with the required skills and knowledge to become effective practitioners. The
review finds a great diversity in the provision and many challenges based on which several
recommendations were made. A lot of experts disagree with much of the content of the
review. Mutton, Burn and Menter (2017) argue that the review does not explicitly address the
real issues in ITT, rather it calls for government intervention. Indeed, the government (DfE,
2019), in response to the Carter review, initiate a Core Content Framework that defines in
detail the minimum entitlement of all trainee teachers. The framework serves as a guide for
individual providers to design appropriate curricula for their trainees. A new ITT market
review (DfE, 2021b) takes into consideration the challenges brought about by the COVID -19
pandemic and complements the Core Content Framework with several recommendations to

ensure high-quality training for all trainees.

Although significant attention has been paid to the quality of ITT (DfE, 2014b; Carter,
2015; DfE, 2019; DfE, 2021b), the progress in closing the gap between theoretical and

practical parts of programmes has been slow. In the current context of rapidly changing
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standards, curriculum, and new ways of teaching and learning, trainee science teachers may
find their training overwhelming and confusing. For example, the rapid turn to remote
teaching and learning, due to the impact of Covid-19 pandemic on education, forced trainee
teachers to adapt rapidly to remote learning. This way of learning may negatively impact
trainee teachers who choose a school-centred initial training to gain experience in the
classroom. Trainee teachers may not get the support they expect, and the quality of their
preparation is likely to suffer. The quality of preparation of teachers has often been
questioned (Hulme and Quirk-Marku, 2017; Whitty, 2017). Under the new Ofsted inspection
framework (DfE, 2021c), a significant number of ITT providers have been found to fail in

ensuring high quality training for their trainees (Ofsted, 2021).

Zeichner and Liston (2013) suggest that supporting teachers’ practice throughout
their programme would be the most effective way for solving problems with the quality of
teaching, recruitment, and retention. Discussions about what is effective in supporting
teachers’ practice have not led yet to a comprehensive model for teacher training. The
discussions tend to focus more on structural issues and less on the activities and experiences
of teachers within the programmes (Furlong, 2008; 2013; Menter, 2016; Burn, Mutton and
Hagger, 2017; Whiting et al., 2018). Burn, Mutton and Hagger (2017) observe that
discussions tend to focus on partnership arrangements, the specific content of initial teacher
training programmes and meeting the Teaching Standards, and less on how teachers learn
during their education programmes. Trainee teachers’ particular experiences in ITT
programmes, their readiness to teach, and how they develop knowledge and skills have been

insufficiently explored in the literature.
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1.1.1 Problem Statement

The efforts to improve ITT have not yet brought much coherence between theoretical
and practical parts of programmes. The gradual move in England towards more school-led
and school-based training has received much criticism because trainee teachers have less
access to educational theory which is crucial in developing critical understandings about
practice (Mc Donough, 2012; Childs and Menter, 2013; Marshal, 2014; Whitty, 2017). In
closing the gap between theory and practice, a more comprehensive model for teacher
training is required. A more cohesive model for teacher training would better help in aligning
theory with practice and more consistently support and monitor trainee teachers’ progress. As

a result, the quality of ITT can be enhanced.

To develop a cohesive model for ITT there is a need for research evidence on what
works best in preparing science teachers. Syntheses of research literature on the effectiveness
of different approaches to preparing science teachers are lacking. In addition, a cohesive
model for ITT must be based on teachers’ learning needs which can be revealed through an
exploration of trainees’ own experiences on programmes. George and Maguire (2019) remark
that little attention is given to the perceptions and experiences of the candidates who enrol on
teacher education programmes. Mcintyre, Youens and Stevenson (2019), in an analysis of
teacher education policy enactment in England, point to a ‘deliberate marginalisation’ of
voices, such as universities and teachers, from discussions on teacher training (p.164).
Similarly, Burn, Mutton and Hagger (2017) call for more focus on ‘how novice teachers
accumulate knowledge and teaching skills from their educators as a main source of learning’
(p.105). In the current climate of significant changes, including the recent shift to remote
learning, it is imperative that trainee teachers’ voices are heard and considered in the design

of the activities that support their own preparation.
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This thesis addresses the above two gaps in the literature through two complementary
studies. First, a systematic review addresses the gap in research synthesis of the existing
international literature on enhancing science teachers’ development during their education
programmes, and second, a primary qualitative case study explores trainee science teachers’
learning experiences on an ITT programme in England. The findings from both studies
allowed a formulation of a more comprehensive framework for initial teacher training. The

dual approach to this study and its significance are detailed in the next section.

1.2 Methodological approach. A Rationale

Given that teaching skills are developed during formal training (Grossman, 1990),
how teachers are prepared during education programmes has become a global preoccupation
(DfE, 2010; Carter, 2015; DfE, 2016a; Darling-Hammond, 2017). In the light of issues of
accountability, globalisation, and international competitiveness, many countries have made
efforts to identify what works best in preparing teachers (Darling-Hammond et al., 2017). In
England and many parts of the world, apart from calls to increase the quality of teaching,
there are calls for teachers to demonstrate that their practices are based on the best available
research evidence (Furlong, 2013; Carter, 2015; Menter, 2016). This poses a greater
challenge for initial science teachers, as research shows that they enter education programmes
with different science backgrounds and limited knowledge, skills, and confidence (Abel,

2007; Kind and Kind, 2011; Kind, 2014).

Many attempts have been made to accelerate teachers’ knowledge and skills in the
short time frame of their training programmes (see the studies included in the systematic
review in Chapter 4). The attempts have been in the form of educational interventions as it is

in healthcare. In healthcare, an intervention involves a treatment with a control group. The
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evidence of the effectiveness of healthcare interventions was mainly synthesised through
systematic reviews of quantitative evidence (Major and Savin-Baden, 2010; Boland, Cherry
and Dickson, 2017). However, in healthcare, Major and Savin-Baden (2010) observe a
tendency of focus towards more qualitative evidence. Qualitative evidence has been seen to
be valuable in providing in depth information about a particular phenomenon. Given its
value, scholars have started to combine the two types of evidence in a qualitative synthesis to
advance evidence-based policies and practices (Major and Savin-Baden, 2010). Major and
Savin-Baden (2010) also observe that, in education, the interest in qualitative research
synthesis has grown. Yet, in science education, there is a scarcity of syntheses of evidence on

supporting science teachers’ preparation.

In science education, experimental studies are rare. Though, qualitative approaches to
conducting interventions studies with the aim to enhance science teachers’ development have
been widely used in the last two decades (see the studies included in the systematic review in
Chapter 4). As science teaching is complex and context dependent, different interventions
studies use different approaches with different emphases to prepare science teachers. An
effective way to gather a set of effective strategies is to synthesise the findings from multiple
intervention studies through a systematic review. Therefore, | carried out a systematic review
to synthesise the available evidence on enhancing science teachers’ development during their
education programmes. Through a systematic review, | identified what works best
internationally in preparing science teachers for secondary schools. A promising well-
articulated approach to preparing science teachers is the concept of Pedagogical Content
Knowledge (PCK) first developed by Shulman (1986). PCK (described in detail in Chapter 3)
is a blend of content with pedagogy, a departure from an emphasis on either content or

pedagogy. Given the significance of the concept in preparing science teachers over time, a
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synthesis of multiple studies (which utilised the PCK framework to guide their intervention

activities) was performed to identify effective PCK approaches to preparing science teachers.

On the other hand, when considering ways to facilitate trainee teachers’ development,
their views and experiences of their particular programme is a good starting point. To be able
to learn and identify effective strategies from other contexts, an insight and understanding of
what trainee teachers’ needs are and what strategies help most in meeting their needs, is
equally important. Therefore, I explored trainee teachers’ views of their learning experiences
in the context of Initial Teacher Training in England to identify useful information for the

design of an effective teacher training model.

Collectively, the findings contribute to the body of knowledge by offering a
comprehensive model for preparing science teachers alongside a set of evidence-based
practices that help in advancing practice in teacher training programmes. The findings help
providers and educators to make more informed decisions about how to design and deliver
activities aligned to trainees’ learning needs. The study’s findings also advance a new
perspective on PCK conceptualisation. Research may use the findings of this study to further
clarify difficult concepts that create confusion in practice (for example, the PCK concept).
The findings are also hoped to inform policy on more effectively closing the gap between
theory and practice. Lastly, the findings of this study may benefit trainee teachers by
providing them with evidence-based teaching strategies in different topics, especially in those
outside their specialism. Although the sample of participants in the case study is small and
from a single centre, the findings are hoped to be readily transferred to other centres and
routes into teaching. The good degree of transferability is based on the argument that trainee

teachers enrolled on teacher training programmes across England are assessed against
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common Teacher Standards (Carter, 2015). The findings can also be transferred to other

teacher education programmes outside England based on context similarity.

1.2.1 Aims and Research Questions

The overarching aim of the study - to identify effective ways through which ITT
programmes can enhance the preparation of science teachers - was achieved through two

complementary studies: A Systematic Review and An Exploratory Case-Study.

Systematic Review

A Systematic Review is secondary research that ‘locates, appraises and synthesises
the best available evidence related to a specific research question’ (Boland, Cherry and
Dickson, 2017, p. 2). Systematic reviews, also known as research synthesis, started to
become common in educational area since with the development of Campbell Collaboration
(2000) - a social research organisation that disseminates high quality systematic reviews
(Littell and White, 2018). The role of systematic reviews has been in informing practice and
decision-making by offering a synthesis of research findings on a specific topic (Boland,

Cherry and Dickson, 2017).

The aim of the present Systematic Review was to systematically select, appraise,
analyse, and synthesise the available evidence on effective PCK approaches to enhance
secondary science teachers’ development during their education programmes.

The main research question addressed through the review was:
e What PCK approaches are effective in preparing science teachers?
To answer this question, two sub-questions were addressed:
o What is the evidence for teachers’ development of PCK during their education

programmes in different contexts?
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o What learning opportunities contribute to teachers’ PCK development?

The questions were answered following a rigorous protocol for systematic reviews
(Petticrew and Roberts, 2005; Boland, Cherry and Dickson, 2017). The theoretical
framework of the study (detailed in Chapter 3) and a thematic approach were used to analyse
data from each study included in the review. From the analysis of data that answered the first
research sub-question a new PCK based framework was developed. The first research sub-
question sought to identify the evidence for teachers’ development. The types of evidence for
teachers’ development, resulting from the analysis, contributed to the development of the new
framework. The newly developed framework guided the subsequent data synthesis in the

review study, and the second study of this thesis.

Exploratory Qualitative Case-Study

A qualitative Case-Study explored trainees’ views and learning experiences in one
School Centred Initial Teacher Training (SCITT) programme in England to identify what was
effective in their preparation and what challenges they faced from their own perspectives. A
school-centred route into teaching was of interest because it attracts many career changers
due to the classroom experience that the programme provides. An exploration of trainees’
views and their perceived effective learning opportunities is helpful in identifying learning

strategies that respond to their own needs.

The study was guided by the following questions:

o What learning opportunities develop trainee teachers’ knowledge, skills, and self-

efficacy during their training programme?

o What challenges and barriers trainee teachers encounter during their training

programme?
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To answer the questions, data was collected through questionnaires, interviews, and
field notes. The mostly qualitative data (a few quantitative data generated through
questionnaires), generated from the three sources, was analysed using Braun and Clarke’s
(2006) steps for thematic analysis and the new PCK based framework developed in the first

study.

Cross-Study Synthesis

The findings from the two studies were integrated and compared in a cross-study
synthesis using a thematic framework. The findings and the implications resulting from the
Systematic Review were compared to the implications resulting from the Case-Study to
identify matches, mismatches, and gaps that can inform and advance practice in teacher
training programmes. The purpose was to identify to what extent the practical implications
resulting from the Case-Study were addressed in the review study and what was their
effectiveness in practice, and in which ways the review study may inform a more cohesive

model for preparing trainee science teachers.

In short, the study attempted to address two gaps in the literature through two
complementary studies. In addressing the first gap regarding the lack of research syntheses on
the effectiveness of approaches to preparing science teachers, | performed a systematic
review to synthesise the existing literature on enhancing science teachers’ development
during their education programmes. In addressing the second gap regarding teachers’ missing
voices on their preparation, | conducted a primary research study to gain a better
understanding of trainee science teachers’ experiences on the programme. Collectively, the
findings enabled the development of a more comprehensive framework for initial teacher

training.
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1.3 Researcher’s Background

The interest in the topic of this research came from my own science education and
experience of teaching science. | entered the teaching profession with a master’s degree and
speciality in Biology. | was educated in Romania where | taught biology to secondary school
students for sixteen years. During the time, other roles outside the classroom (e.g.,
coordinator of extracurricular activities and/or mentor) further shaped my thinking about
teaching and learning science. Therefore, | embarked on postgraduate education studies at a
University in England with personal knowledge, beliefs, and understandings about what it

meant to be a science teacher and what good science teaching was.
From a teacher practitioner abroad to a postgraduate student in England

When | moved to the UK, the new-socio-cultural context offered me new challenges
as well as opportunities. The challenges imposed by a new language and a new and
unfamiliar context of teaching impacted on my teaching ability. | came to realise, when |
enrolled on postgraduate studies at a local University, that my views about teaching and
learning were limited and mostly traditionally oriented. | was educated in a traditional
educational system where teaching and learning were largely based on transmission and
memorisation of information with little focus on understandings. Thus, | found Lortie’s

(1975) concept of apprenticeship of observation relevant to the way in which 1 used to teach.

My experience accumulated overtime, and the recognition of my academic and
professional work during my career in Romania gave me confidence in my knowledge and
skills and made me feel that | was an effective teacher. During my postgraduate studies, | had
many opportunities to learn about what makes a teacher truly effective and what makes

teaching effective. Progressing through postgraduate studies, my views and perspectives on
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education were greatly challenged. I realised that | had not been aware of the complexities of
teaching nor of the theoretical foundations that underpin teaching. I came to develop deep
understandings, knowledge, and skills for student-centred approaches to teaching and
learning. | became aware that many teachers like me lack access to ‘powerful knowledge’
that would allow them to develop themselves as practitioners (Young, 2009; 2013). Having
developed a good understanding of the requirements and expectations of teachers in my new
context, | felt prepared to join the community of teachers as a secondary science teacher,

when | was offered the opportunity to join a research programme.

From a postgraduate student to a researcher

Joining the community of researchers in a familiar context was a dream came true.
My engagement with research further fostered my interest in science education. | extended
my readings in the areas of science and educational policy. | became aware of the debates on
education, particularly on science education. | also became aware of the demands on science
education from a political, social, and economic perspective as well as of the requirements for
teachers to be knowledgeable in their own subject, to have deep learning and transferable
skills (Guerriero, 2017). | became aware of the issues surrounding initial teacher training
programmes and the reasons why there is a lack of science teacher specialists in schools.
Coming from a context where the entry into the teaching profession is very competitive, |
was struck by the contrasting situation in the English context. I understood the reasons for
shortage of specialists in schools and why so many teachers quit teaching in their first years
of teaching, partly because of accountability measures and pressure to ‘teach to the test’
(Ryder, 2015). All these acknowledgements were decisive for the topic of this study. | felt
that I could use my knowledge and understandings to contribute to the support for career

changers, for whom teaching career is at least as new as it was for me when | changed the
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context of teaching. The decision to study about trainee teachers’ development was partly
based on the need to improve my own practice. | felt that the best way to improve my own
practice was to conduct an action research project. Because | decided to study full time, |
could not undertake an action research project. Thus, | chose to study international science
education with the confidence that | would find useful approaches that | can apply in my
future teaching. | explored the initial teacher training programmes to gain insight into the

current context of preparation of teachers for teaching science in secondary schools.

During my research, | had opportunities to gain valuable experience in teaching in
higher education by leading some sessions to masters’ students at the University as well as to
act as an occasional lecturer and leading a couple of modules on a childhood studies course.
These useful experiences consolidated my view that the way in which future practitioners are
prepared influences their motivation which shapes the foundations of their career. The belief
that teachers need relevant knowledge, meta-awareness, and high self-efficacy was important
and decisive in conducting my study. | describe next, how | came to develop a conceptual

framework to guide my study.

Working towards a conceptual framework for the study

Constantly, reading through the literature, | remarked the emphasis on the requirement
for teachers to have knowledge and skills for teaching. Yet, the concept of knowledge is
complex and mostly addressed in general terms rather than explicitly. | found Shulman’s
Pedagogical Content Knowledge (PCK) concept very useful in understanding that there is a
‘unique’ knowledge for teaching (Shulman, 1986; 1987, p. 8). | started to map the literature
on PCK and became aware of the complexity of the concept. Despite its complexity, the
framework offers a good way to organise the knowledge for teaching, an important feature

for developing expertise in teaching (Berliner, 2001). | started, with advice from my research
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supervisory team, to conduct a scoping review, a literature mapping which proved useful in
developing research skills. | navigated extensively through existing research for models of
systematic reviews in science education. Because it was difficult to find comprehensive
reviews in my area of interest, | was inspired by systematic reviews in healthcare from which
| borrowed methods and adapted to my own study. As | chose to conduct both a secondary
and primary research, I struggled to find methods to combine the findings. Thomas’s et al.
(2003) and Thomas and Harden’s (2007; 2008) approach to systematic review offered useful
insights into how to combine the findings from different types of studies. It was necessary,
though, to adapt the methodology and data collection to fit with the purpose of my study. |
used PCK framework to decide on the studies to be included in the review, on the research

questions, data collection, and analysis.

| also found Lave and Wenger’s (1991) theory of ‘legitimate peripheral participation’
useful to understand how trainee teachers from my case study tried to navigate their own way
from ‘marginal participation to full participation’ (Lave and Wenger, 1991, p. 29). The theory
helped me to acknowledge and understand the feeling of marginal participant that all new
teachers experience in their schools. For new teachers, as newcomers, the access to
information, school activities, and resources is limited and ‘less transparent’ (Lave and
Wenger, 1991, p. 102). Teachers’ social interactions in schools open possibilities for learning
by gradually ‘absorbing and being absorbed’ in the culture of their school (Lave and Wenger
1991, p. 95). Hence, the support teachers receive as marginal participants or newcomers is
decisive in their path towards full participation (becoming part of the school communities).
Lave and Wenger (1991) explain that legitimate marginal participation may be ‘an
empowering’ or ‘disempowering position’, depending on the opportunities given to new
teachers to participate more fully (p. 36). In my experience, an intense participation in school

life with full responsibilities for teaching and learning creates opportunities for developing
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knowledge and skills in a more accelerated way. The theory seemed useful to explore how
trainee teachers in my study viewed their own experiences in their school placements
working alongside more experienced teachers. | was interested to know what opportunities
they were given to make decisions, to be innovative and creative whilst learning from veteran
teachers. In short, | was interested to know what learning opportunities trainees perceived to
be effective in accelerating their participation as full members of the teaching communities in

their schools and in developing their expertise.

Initially, my view about expertise was based on a wrong perception. | used to
associate expertise with experience. Reading on Berliner’s (2001) theory of teachers’
development, | found that expertise is not the same as experience, and to be an expert, a
teacher must rather be efficient and innovative. It is clearer now that not every experienced
teacher is an expert. Expertise is a departure from routine to a course of action drawing on a
rich repertoire. Expertise is topic and context dependent. These understandings helped me to
change my perspective on expertise and | feel that even a beginner teacher can be expert if
she or he develops good knowledge and confidence for teaching a given topic and is familiar

with a particular context.

I realised why confidence is much emphasised in the literature on teachers’
knowledge. Teachers may know well a given topic, yet they may find it challenging to teach
the topic through an innovative approach if they lack confidence in their teaching capabilities.
This relationship between teaching and perceived capability motivated me to explore
Bandura’s (1993) self-efficacy theory. Bandura’s theory of self-efficacy helped me to
understand people’s behaviour, why they act as they do, particularly why teachers teach the
way they teach. As a teacher myself, | had not been aware of how my self-efficacy predicted

and guided my teaching in the classroom. Reflecting on my past teaching experiences, |
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consider myself a person with strong sense of efficacy. According to Bandura, teachers with
strong sense of efficacy do not give up easily when teaching becomes challenging. Teachers
with high efficacy are more willing to try innovative ideas and new methods of teaching in
the classroom. In addition, teachers with strong efficacy have more commitment and
persevere in effort. When teaching is unsuccessful, highly efficacious teachers tend to blame
the methods chosen for teaching rather than the students for their lack of interest and

participation in science lessons.

Bandura’s observational learning theory and sources of self-efficacy development
were also of interest as | realised that people learn much from doing and observing others.
This way of learning is opposite to learning in isolation, the way | was familiar with. In my
study, trainee teachers learned from their own teaching and observed experienced teachers’

teaching in their school placements.

However, it is easy to observe, yet more difficult to understand. As observations are
limited due to tacit knowledge and lack of experience in reflection, trainee teachers need
‘windows into thinking’ or practice (Smith and Banilower, 2015, p. 93; Guerriero, 2017).
They need support to go beyond of what they can observe; to go beyond of their existing
level of knowledge and understandings. Vygotsky’s (1978) zone of proximal development
was also useful in understanding why trainee teachers need support from more
knowledgeable others during their training programmes. New learning is possible only when
teachers add new knowledge, understandings, and skills to their actual development, and this

is dependent on the quality of support, on opportunities for discussions and reflections.

To conclude, | decided to integrate all the above theoretical underpinnings into a
conceptual framework to guide the whole study and to help in answering the research

questions. The conceptual framework is described in Chapter 3. This thesis is structured into
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nine chapters. This first chapter presented an overview of the entire study. The following

section outlines an overview of the next eight chapters.

1.4 Overview of the following chapters

Chapter 2 places the study in a broader context of science education programmes.

The chapter includes a discussion on the aims of science education within the past and
present political context and why it is important for initial teachers to acknowledge the aims.
The expectations imposed by standards are then explored. This chapter also makes an
international comparison between science education programmes across countries with an

emphasis on ITT in England to identify similar issues.

Chapter 3 describes the theoretical framework that informs the study. The

theoretical framework includes Pedagogical Content Knowledge (PCK) and a range of
learning theories. The chapter is structured into four sections. The first section elaborates on
PCK conceptualisations and components. The second section addresses issues with PCK
measurements. The third section details factors (personal, cognitive, social, contextual) that
shape teachers’ PCK development. In this section, a range of learning theories are discussed.
The chapter ends with an elaboration on the application of the theoretical framework to the

study.

Chapter 4 covers the methodology of the first study of this thesis — A Systematic

Review. The chapter starts with an introduction into the systematic review methodology,
explains the rationale for carrying out a systematic review, and describes the protocol (the
step-by-step methodology). This study was initially informed by the PCK framework

described in Chapter 3