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ABSTRACT

Cognitive Acceleration through Science Education (CASE) or Thinking Science (TS) is a

cognitive acceleration program that was developed in the United Kingdom. Research

has shown it can develop and improve student cognition. The effects are considered to

be long term and far transfer, as students improved not only in their Science

outcomes, but also in Mathematics and English, 2/3 years after the conclusion of the

intervention. Available in Australia as Thinking Science Australia (TSA), empirical data

has shown improved student outcomes at the end of the two-‐year program. TSA

consists of a series of 30 lessons delivered through science activities to Year 7/8 and

8/9 students. In addition to the 30 lessons there are six formal teacher professional

development days, lesson observations, classroom coaching and feedback, which

encompass the Thinking Science Professional Development (TS PD) program. The TS PD

program supports teachers to comprehend the philosophy of TS and develop an

understanding of the lessons. The central research question for this research was

“What are science teacher perspectives’ on the impact of the TS PD program on their

professional growth?” There were three specific research questions that related to:

teacher pedagogy, classroom interactions and teacher efficacy. The aim was to

ascertain perspectives of teachers’ who had completed the TS PD program four to six

years prior to data collection, as there was a gap in the research about the longer-‐term

impact of the TS PD program on teachers.

The research was a qualitative study located within the interpretivist paradigm. The

selection criteria for participants included: completing the TS PD program at least four

to six years prior to data collection; teaching the 30 TS lessons; and teaching secondary

science at the time of the study. Data collection consisted of an in depth semi-‐

structured interview, an observation of a science lesson utilising an observation

schedule and, another semi-‐structured interview immediately following the lesson.

Research findings were discussed in relation to the specific research questions, and

together the responses addressed the central research question. The analysis focused

on the changes that occurred between the TS PD in 2009-‐12 and classroom practices

four to six years later. The emergent themes were linked to the literature. Dominant
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themes in relation to pedagogy were: teachers developed and used thinking strategies

in class; teachers developed questioning techniques, especially metacognitive

questioning; and teachers transferred the pedagogy beyond the 30 lessons to other

year groups and science classes. For classroom interactions dominant themes were:

the importance of developing and maintaining positive relationships with students;

and using and facilitating discussions in the classroom including pair work, small

groups and the whole class. There was no common theme for collegiality. All

participants considered collegiality important, however experiences varied according

to participant context. For teacher efficacy the dominant themes were: teachers felt

confident in their profession and as facilitators of student learning, although as there

were many variables, this was not necessarily because of the TS PD program. There

was no common theme in relation to school culture. Participants experienced a

positive school culture when they did the TS PD program, however at the time of data

collection this varied and was very contextual.

There are implications of this research for schools, teachers and pre-‐service teachers;

for Thinking Science; for professional development on Thinking Science; and for

professional development in general. For teachers that have embraced the pedagogy

of TS they have transferred it to other lessons and are essentially developing thinking

skills in all their students. Given that higher order thinking, as represented in Science,

Technology, Engineering and Mathematical (STEM) skills, are regarded as essential for

students of the 21st century, this is an important implication.
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CHAPTER 1

INTRODUCTION AND CONTEXTUAL BACKGROUND

INTRODUCTION AND AIM

A key challenge for countries is preparing students for participation in a global

economy/society, in an increasingly competitive world (Rizvi & Lingard, 2010). In

general, globalisation refers to how the speed of communication has increased and

therefore how much smaller the world appears to be. This ‘shrinking’ of physical

borders, emphasises that geography is no longer a major social and cultural constraint

(Bottery, 2006). In order for individuals to prosper in a globalised society, education is

now seen as a life-‐long process where people need to develop the ability to work

creatively with knowledge, as well as being flexible, adaptable, mobile and

interculturally competent (Rizvi & Lingard, 2010). In a global knowledge society,

improving educational outcomes for young Australians is central to the country’s social

and economic prosperity (Ministerial Council on Education, Employment, Training and

Youth Affairs (MCEETYA), 2008).

A report from Australia’s Chief Scientist (Office of Chief Scientist, 2014) highlighted the

trends that education systems are grappling with -‐ the performance of Australian

students against international benchmarks has stalled or declined, as has participation

in senior secondary science and advanced mathematics. There has been a focus on

enhancing teacher and teaching quality to improve student learning outcomes

globally, including in Australia, to increase competitive positioning in an era of

globalisation. This study focuses on the professional development of science teachers.

More particularly, it focuses on the Thinking Science Professional Development

program. The aim of this study was to analyse teachers’ perspectives on the nature of

the impact of the Thinking Science Professional Development (TS PD) program on

science teacher professional growth four to six years after the end of the formal

teacher professional development program. This aim was translated into one central

and three specific research questions:

Central research question:

What are science teachers’ perspectives on the impact of the Thinking Science

Professional Development (TS PD) program on their professional growth?
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Specific research questions:

What are teachers’ perspectives on how the TS PD program impacts on:

a) types of pedagogy employed?

b) the nature of teacher-‐teacher, student-‐student and teacher-‐student

interactions?

c) science teacher efficacy?

This investigation used qualitative research methodology, specifically a case study, and

was underpinned by the theoretical framework of the interpretivist paradigm

(Creswell, 2013). Data was collected in relation to two distinct points in time (during

the TS PD program and at the time of data collection (2016/17)) in order to track

changes over time. Participants were selected using purposive sampling as well as

snow-‐ball sampling, and this yielded five participants, with each to contribute three

separate data sets. Data was obtained through semi-‐structured interviews of

participants, which were conducted first, followed by a lesson observation and then a

second semi-‐structured interview (Punch, 2009). Data was analysed using the Miles

and Huberman (1994) approach. Once the three data sources had been analysed for

each participant, it was examined and triangulated to determine the overall themes

and any points of difference for each specific research question.

The researcher was the primary tool of data collection in this study, so this raises the

issue of positionality (Rizvi & Lingard, 2010). The researcher’s role, during the time

period of data collection, was working with schools involved in implementing the TSA

program. She was responsible for the facilitation of the TS PD to teachers and visiting

schools to demonstrate lessons, or observe teachers teaching a lesson. The researcher

did not directly work with any of the participants from the 2009–2012 TS PD program

phase and was not involved in training them. The methodology and positionality of the

researcher will be presented in detail in Chapter Three.

The next sections of this chapter provide a contextualisation for the study by

considering, in turn: the global context in education; the Australian context in

education; teacher professional development and the Thinking Science Australia

program; and the significance of this research.
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GLOBAL CONTEXT IN EDUCATION

Australia is a member country of the Organisation for Economic Cooperation and

Development (OECD), whose mission it is to promote policies that will improve the

economic and social well-‐being of people around the world. The Australian

government is increasingly using data from the OECD to drive its own agendas, in

order to maintain competitiveness (Australian Government, Department of Foreign

Affairs and Trade, 2018).

In relation to education, the OECD collects data about students’ reading, mathematical

and scientific literacy achievement through the Programme for International Student

Assessment (PISA). Testing takes place every three years, for 15-‐year-‐old students

from more than 65 mostly industrialised countries (OECD, 2013; 2018). Despite

increased government investment in Australian schools, there is evidence that student

literacy and numeracy (as measured by PISA tests) have declined in recent years, in

comparison with other high performing countries, like Singapore, for example (Senate

Standing Committee on Education, Employment and Workplace Relations, 2013;

Singhal, 2018).

The Australian Government uses PISA results as a driver to inform educational policy

(Welch, 2018). The 2012 PISA tests had a particular focus on mathematical literacy,

alongside reading and science assessments, while in PISA 2015 the focus was on

scientific literacy (OECD, 2018). The report PISA 2015: A first look at Australia’s results

(Thomson, De Bortoli & Underwood, 2016), described that in Australia, although PISA

results in science were 11% above the OECD average, there had been a decline in

performance between 2006 and 2015 of 17 points, and Australia was significantly

outperformed by nine other mainly Asian countries including Singapore, Japan and

Hong Kong, while in PISA 2012 this number was seven countries. Reading literacy was

significantly above the OECD average, however this performance declined substantially

by 12 points between 2009 and 2015, and 11 other countries outperformed Australia

(Thomson et al., 2016). Interestingly, Thomson et al. (2016) reported that in

mathematical literacy Australia was also above the OECD average, however like

scientific literacy, its performance declined notably by 10 points between 2012 and

2015, and 19 countries significantly outperformed Australia including Singapore,
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Finland, Canada and Hong Kong. In PISA 2012 only 16 countries outperformed

Australia, less than in 2015 (Thomson, De Bortoli & Buckley, 2013).

Another international comparative study of student achievement is the Trends in

International Mathematics and Science Study (TIMSS). The TIMSS aim is to produce

comparative data about educational achievement across countries, in order to

improve science and mathematics teaching and learning. It does so by measuring

achievement of students in Years Four and Eight, every four years. In TIMSS 2015 there

were 39 participating educational systems at Year Eight level. (Thomson, Wernert,

O'Grady & Rodrigues, 2016). In the report TIMSS 2015 A first look at Australia’s results

(Thomson et al., 2016), Year 8 students outperformed 21 other countries in

mathematics. Australia’s results had dipped in 2007, recovered in 2011 and the

average score in 2015 was similar to what it was in 1995, thus results have stalled. In

Year 8 science, students in 14 other countries outperformed Australian students,

including Canada, England and the United States. The top five countries from Asia

including Singapore and Korea also outperformed Australia (Thomson et al., 2016). The

2015 Year 8 science results showed Australian students significantly outperformed

students in 20 other countries (Thomson et al., 2016), however 14 countries

outperformed Australia including Canada, the United States, England and the top five

Asian countries including Singapore, Japan and Hong Kong. In TIMSS 2011 only six

countries outperformed Australia in mathematics and nine in science (Thomson,

Hillman & Wernert, 2012).

There is much discussion internationally about ensuring future students have the

necessary skills and competencies to flourish in a rapidly changing, globalised 21st

century (Luna Scott, 2015). This same focus and discourse is occurring in Australia

including from the Chief Scientist, business and industry organisations, the federal

Education Department, state governments and within individual schools (Education

Council, 2015; Office of Chief Scientist, 2016; Australian Industry Group, 2015). These

skills are identified as higher order thinking skills as well as Science, Technology,

Engineering and Mathematical (STEM) skills and include communication, problem-‐

solving, the ability to work independently, creativity, critical thinking, team work, being

able to take responsibility for decisions, and the ability to obtain information quickly
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and efficiently especially by utilising technology (Education Council, 2015; Foundation

for young Australians (FYA), 2016; Luna Scott, 2015). Schools and teachers therefore

require the appropriate resources and pedagogies to develop these skills in students

(Luna Scott, 2015).

THE AUSTRALIAN CONTEXT IN EDUCATION

In Australia, young people have been placed at the centre of theMelbourne

Declaration on Educational Goals for Young Australians. TheMelbourne Declaration

(MCEETYA, 2008), articulates two central goals for Australian schooling. The first is to

achieve equity and excellence. The second is that all young Australians become

successful learners, confident and creative individuals; and active and informed

citizens. Further, teachers and school leaders are considered fundamental in achieving

these goals, and so improving teacher quality is one of the strategies that is being used

(MCEETYA, 2008). According to Jensen (2010), amongst others, if government funding

were to realign to focus on improving teacher quality, it would have a greater impact

on Australian economic growth than any other reform, and would help to lift

Australia’s students into the highest performing group of countries on international

tables. The literature review (Chapter Two) will further explicate the concept of quality

in this context.

In Australia, there has been a decline in enrolments of students in senior secondary

mathematics (with the exception of entry level mathematics) and science courses over

the past 20 years. This is an ongoing concern considering the necessity to develop

students with STEM skills (Kennedy, Lyons & Quinn, 2014). The Western Australian

(WA) Curriculum, which is based on The Australian Curriculum (AC), comprehensively

describes what schools need to teach (School Curriculum and Standards Authority

(SCSA), 2014). This includes a set of general capabilities, which each teacher,

regardless of subject area must develop in their students. They share commonality

with some of the STEM skills and include: literacy, numeracy, information and

communication technology (ICT) capability, critical and creative thinking, personal and

social capability, ethical understanding, and intercultural understanding (SCSA, 2014).

Therefore there is a case for the implementation of new and innovative programs and

pedagogies that improve student engagement in mathematics and science subjects,
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and increase their uptake in senior school, in order to enable Australian students to

become STEM skill competent.

To raise and ensure teacher quality, the Australian Professional Standards for Teachers

(APST) were developed in 2011 (Australian Institute for Teaching and School

Leadership (AITSL), 2017). Further, these standards clearly support the notion that

teachers need to be continuous lifelong learners who see their own development as

fundamental to effective teaching and therefore student achievement. They define the

work of teachers and make explicit the elements of high-‐quality, effective teaching in

21st-‐century schools. According to AITSL (2017), the development of Standards for the

teaching profession in Australia, is an integral way of ensuring quality in schools and

they will help to place the Australian education system among the best in the world.

Teacher professional development (TPD) is a fundamental component of the

Standards.

TEACHER PROFESSIONAL DEVELOPMENT AND THE THINKING SCIENCE AUSTRALIA

PROGRAM

The aim of TPD is to improve teacher effectiveness and the quality of learning in the

classroom (Guskey & Huberman, 1995; Timperley, 2008). Hattie’s (2009) meta-‐analysis

of ranked influences related to student learning outcomes, concluded that while

teachers can, and do, have a positive effect on student learning, expert teachers are

those who make the greatest difference. According to Clarke and Hollingsworth

(2002), as well as Peers, Diezmann, and Watters (2003), the constraints of modern

schooling in Australia, have meant accessing meaningful TPD is becoming increasingly

difficult for teachers. These constraints include a lack of resourcing generally, limited

access to high quality TPD, limited time for teacher practice and self reflection,

inability to access TPD as a team in order to build capacity, and TPD which does not

span an extensive time frame. The Thinking Science Australia Professional

Development (TSA PD) program can be envisaged as a possible way to help schools

address some of these limitations.

The Thinking Science Australia (TSA) program is an evidenced based program adapted

from the UK, Cognitive Acceleration in Science Education (CASE) program, (working
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title Thinking Science (TS)), which aims to increase the cognitive processing ability and

academic achievement of students (Oliver, Venville & Adey, 2010). The TSA

intervention is comprised of 30 science lessons, implemented over a two-‐year period

(ideally in Years 7/8 or 8/9). It does not replace, but runs parallel to, the regular

science curriculum (Oliver, Venville & Adey, 2012). Previous studies have suggested

that this program affects a student’s general ability to learn, and that this enhanced

learning in science, has an influence on all school subjects (Shayer, 1999). Shayer

(1999) summarised data from the CASE program which indicated that TS increased

student cognitive ability; enhanced longer-‐term cognitive ability, measurable over at

least three years after the end of the intervention; and provided evidence of a far

transfer effect by improved outcomes in other subject areas such as English and

Mathematics as well as Science. Further explanation of TS and the evidence relating to

the effect of the CASE program will be discussed in the literature review (Chapter

Two).

According to Adey (2006), the TPD design associated with the TS program (and thus

TSA), if implemented effectively, can potentially be used as a model to promote

teacher professional growth, as it enriches a teacher’s view of learning and resultant

pedagogical practice (see also McGregor & Gunter, 2001). The TS PD program has a

number of components. The six days of TS PD extends over the course of two years

alongside the TS lessons being implemented with students. The model varies slightly

from one situation to the next, depending on school context (Adey, 2006; Oliver et al.,

2012). Further, as part of the TS PD model, each time a teacher delivers a TS lesson,

approximately once a fortnight, they practice the pedagogy of the program, which

they have acquired in the TS PD sessions. Additionally, teachers are likely to engage in

collegial discussion about the lessons, thus adding another element to their TS PD

(Adey, Hewitt, Hewitt & Landau, 2004; Adey, 2006; McGregor & Gunter, 2001; Oliver

et al., 2012).

The majority of past research has focussed on the effects of TS on student

achievement and ability to think (Adey & Shayer, 1993; Adey, 2005; Oliver et al., 2012).

There is also some research on the effects of the TS PD program on teacher change

and ownership of the methodology, in teachers directly undertaking it (Lecky, 2012),
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and on teacher short-‐term professional growth, immediately after the end of the

intervention (Adey, et al., 2004). Limited research exists into the long-‐term changes on

teacher practice one year after the formal TS PD program has finished (McGregor &

Gunter, 2001). Relevant research is further explicated in the literature review (Chapter

Two). There is currently no research in the domain of how the TS PD program impacts

on teacher change, in the longer term, and this is the focus of the current study.

SIGNIFICANCE OF RESEARCH

This research is significant in filling a gap in the literature about the longer-‐term impact

of the TS PD program on teacher professional growth. More specifically, it incorporates

the progression in time of four or more years after teachers had finished the formal TS

PD program. Although there is a great deal of research about effective techniques in

general TPD (e.g. Avalos, 2011; Desimone, 2009; Webster-‐Wright, 2009) and effective

science TPD (e.g. Harrison, Hofstein, Eylon, and Simon, 2008; Loucks-‐Horsley, 2010),

there is gap in research about longer-‐term effects of the TS PD program on teacher

change.

The first chapter identified the aim of the research, research questions and

methodology used. Further, the contextual background was described including: the

global context in education; the Australian context in education; teacher professional

development and the Thinking Science Australia program; and the significance of this

research. Chapter Two will review the literature relevant to this study.
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CHAPTER 2

LITERATURE REVIEW

INTRODUCTION

This chapter is a review of literature relevant to the study. The key concepts from the

literature that inform this study are: teacher quality; teacher professional

development, teacher professional learning and teacher professional growth; science

teacher efficacy; and the Thinking Science (TS) program.

TEACHER QUALITY

In order to assist students to develop complex 21st century higher order and STEM

skills, and meet the imperative for schools to provide the foundations for lifelong

learning, there are pressures to improve the alignment between education systems

and changing societal needs (Coolahan, 2002; FYA, 2016; Luna Scott, 2015). The

teaching profession needs to have the skills, knowledge and training to cope with the

many changes in a rapidly varying globalised world (Darling-‐Hammond & Richardson,

2009; FYA, 2016; OECD, 2006; 2011). In the Australian context, the Federal

Government has identified teacher quality as a major focus, and from 2011 forged the

development of the Australian Professional Standards for Teachers (APST). It is

envisaged that teachers will use the standards as a self-‐reflection and planning tool for

future improvement and development in their teaching practice (AITSL, 2017).

The APSTs were introduced to promote excellence so that teachers and leaders have

the maximum impact on learning in all Australian schools (AITSL, 2017). In addition to

the standards, AITSL developed the Australian Teacher Performance and Development

Framework, for use by school leaders and teachers, highlighting the components and

processes of what is required to build an effective approach to high teacher

performance and development (AITSL, 2017). Teacher Professional Development (TPD)

is integrated into this framework and the APSTs. TPD which increases teachers’

understanding of how students learn and effective teaching and learning practices, are

seen as likely to improve student learning outcomes (Cohen & Hill, 2000; Guskey,

2002; Loucks-‐Horsley, Stiles, Mundry & Hewson, 2009). With the heightened

importance and shifting focus towards developing higher order and STEM skills in
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students, raising the quality of effective science teaching is seen as imperative (Luna

Scott, 2015).

Teachers have a significant impact on student learning and therefore the quality of

teachers and teaching is important (Hattie, 2012; Luna Scott, 2015). There is a

substantial amount of research which concludes that if teacher quality is elevated it

will lead to improved student outcomes, and therefore contribute to overall school

performance (Bell & Aldridge, 2014; Darling-‐Hammond & Richardson, 2009; Guskey,

2002; OECD, 2013; Yoon, Duncan, Lee & Shapley, 2008). A broad consensus exists that

teacher quality is the single most important school variable influencing student

achievement (Hattie, 2012; Luna Scott, 2015; Schacter & Thum, 2004).

Teacher quality is a difficult concept to define, as there is no established description

that is recognised internationally. The word ‘quality’ is in itself value laden and

therefore contested (Strong, 2011). The discussion of teacher quality in the literature

varies according to the perspectives and interests of the writer (Kennedy, 2008).

Broadly speaking, teacher quality is usually grouped according to a number of

characteristics including teacher qualifications, psychological attributes, pedagogical

standards exhibited, or the teacher’s ability to raise student learning (Strong, 2011).

Evaluating teacher effectiveness has also proven to be a challenging task (Danielson,

2007). Traditionally, researchers have employed classroom observations using a

variety of systematic methods (Darling-‐Hammond, Amrein-‐Beardsley, Haertel &

Rothstein, 2012; Nuthall & Alton-‐Lee, 1990; Waxman, 1995), and their findings have

contributed to a body of research to describe what constitutes good teaching. The

common concerns about observational techniques are that of reliability and validity,

sample size, how the data are analysed and generalisability across subjects/year levels

(Strong, Gargani & Hacifazlioğlu, 2011). Danielson’s (2007) professional practice

framework for evaluating teacher effectiveness utilises, in addition to classroom

observations, an examination of artefacts such as lesson plans and samples of student

work to evaluate teaching practice. This evidence is then used for teacher evaluation

across four domains: planning and preparation, the classroom environment,

instruction, and professional responsibilities (Danielson, 2007). Teacher evaluation is
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an important but contested concept, and thus how it relates to teacher quality is not

easy to generalise.

TEACHER PROFESSIONAL DEVELOPMENT, PROFESSIONAL LEARNING AND GROWTH

The next two subsections discuss the concepts teacher professional development and

teacher professional learning, and how they are often used interchangeably in the

literature due to their overlap in description. The final subsection in this section

develops the concept of teacher professional growth.

Teacher professional development

Teacher professional development (TPD) is a contested term, as there is no singular

definition that is internationally agreed upon in the literature (Mayer & Lloyd, 2011).

The terms ‘teacher professional development’ (TPD) and ‘teacher professional

learning’ (TPL) are sometimes used synonymously within the literature and at other

times they are treated as different concepts. Opfer and Pedder (2011), who examined

the literature on TPD and TPL, reported that these concepts are often viewed through

different lenses, and so the perspective of various researchers may vary. For the

purposes of this research, TPD is defined as consisting of a range of activities and

methods, both formal and informal, where teacher learning follows, ultimately for the

benefit of their students’ growth. This definition is based on the research of Fullan

(1995) and Opfer and Pedder (2011). There is a significant amount of research

outlining what is effective and ineffective in relation to TPD in general. In this study,

this research applies specifically to TPD in science.

If TPD is effective, then it is likely to lead to improved student achievement and overall

school performance (Guskey, 2009). Further, researching the effectiveness of TPD is

complex, as schools are usually implementing more than one innovation at a time, and

it is difficult to isolate any one program and its associated TPD activity (Guskey, 2009).

TPD is increasingly being viewed as the key driver in educational change and improving

student outcomes (Darling-‐Hammond, 2000; Hawley & Valli, 1999). According to Yoon,

Duncan, Lee, Scarloss & Shapley (2007), TPD affects student achievement in a three-‐

step process: firstly it enhances teachers’ knowledge and skills; secondly, it leads to

better classroom teaching and therefore as a result; it thirdly, raises student
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outcomes. If one link is missing or weak, improved student achievement cannot be

expected, therefore the TPD must be high quality in terms of its theoretical basis,

planning and implementation (Yoon et al., 2008). TPD is about teachers learning,

learning how to learn and transforming their knowledge into practice for the benefit of

their students’ growth (Avalos, 2011).

Effective TPD consists of multiple techniques, as there is no single event or process

that is successful in all contexts (Blank & de las Alas, 2009; Mayer & Lloyd, 2011). TPD

must be sustained over time; including providing time for teachers to practice, reflect,

obtain coaching and feedback, and also for planning and discussion (Garet, Porter,

Desimone, Birman, & Yoon, 2001; Guskey, 2009; Hattie, 2012; Opfer & Pedder, 2011;

Webster-‐Wright, 2009). Collective participation is also important. Groups rather than

individuals are preferred as they enable collaboration and collegiality (Avalos, 2011;

Desimone, 2009; Webster-‐Wright, 2009). It is essential for TPD to incorporate active

learning, where teachers are engaged, involved in planning and have the opportunity

to observe and be observed (Clarke & Hollingsworth, 2002; Desimone, 2009; Slepkov,

2008). If TPD is linked to a teacher’s job context, is specific, concrete, practical and

purposeful, then it is more likely to be effective (Guskey, 2009; Opfer & Pedder, 2011;

Timperley, 2008).

TPD based around an intervention, which shows evidence of positive effect, led by an

external expert who helps teachers gain an understanding of the new innovation, is

another element of TPD effectiveness (Darling-‐Hammond & Richardson, 2009;

Desimone, 2009; Timperley, 2008). Quality leadership at the school level is also

considered integral for the effectiveness of TPD, so that teachers are actively

supported as they experience change and implement a new intervention (Easton,

2008; Guskey, 2002; Marshall, Pritchard & Gunderson, 2001). Positive coercion

amongst colleagues, where support is coupled with pressure, adds to the effectiveness

of TPD, according to Guskey (2002) and Loucks-‐Horsley et al. (2009). Guskey (2002)

and Loucks-‐Horsley et al. (2009) argue that pressure is often necessary to initiate

change in teachers whose self-‐impetus for adaptation is not pronounced, as it often

provides the support, encouragement and occasional nudge they require, in order to

persist in the implementation of a new and challenging technique/intervention.
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There are a number of authors who research TPD in the context of science education.

Supovitz and Turner (2000) found that science teaching practices and classroom

culture were most deeply affected after sustained TPD, conducted over an extended

time period. Simon, Campbell, Johnson and Stylianidou (2011) investigated early

career science teachers and emphasised that effective TPD is comprised of the

following components: collaboration and reflection, a positive school culture,

recognition of the importance of capacity building, having high expectations of TPD by

devoting time and resources, and peer observations and feedback. Susan Loucks-‐

Horsley (2010) has analysed effective TPD for science teachers. She identifies the

following key elements: learners learn new knowledge based on prior experiences in

an active manner; TPD should be research based and allow collaboration and

reflection time; capacity building and teacher leadership are essential; allocation of

time for TPD is important; and it is vital to build a professional learning culture which

incorporates classroom coaching. There is also a significant body of research about

ineffective practices of TPD, as outlined in the following paragraph.

Practices that are ineffective in contributing to TPD will be described. One off, short

courses or after school workshops are considered to be less effective, as there is no

ongoing follow up (Garet et al., 2001; Opfer & Pedder, 2011; Osborne & Dillon, 2008;

Slepkov, 2008). Adequate time is an important factor in implementing something new.

If teachers are not given time to reflect and apply a new intervention then it is likely to

be ineffective (Cole, 2012; Jensen, Hunter, Sonnemann & Cooper, 2014; Peers et al.,

2003). Individual teachers who engage in TPD by themselves in isolation, without the

support of others, are also less likely to sustain the intervention into their practice

(Cole, 2012; Marshall et al., 2001; Opfer & Pedder, 2011). In addition to these factors,

if the school culture does not contain all the features that support TPD then it is not

likely to be effective. This includes a lack of accountability, no commitment, or

leadership (Avalos, 2011; Cole, 2012; Opfer & Pedder, 2011).
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Teacher professional learning

Effective TPD leads to professional learning. The operational definition for this

research is that teacher professional learning (TPL) refers to any experience where

practising professional teachers consider they have learned and improved their

individual practice (Avalos, 2011; Opfer & Pedder, 2011). In essence, it includes a shift

of emphasis from passive to active learning and from a combination of interrelated

factors to a holistic experience. It acknowledges the diversity and complexity of various

TPD activities and shifts the focus to outcomes and application for individual teachers

and the whole school community, in order to ultimately improve students’ learning

outcomes (Cole, 2012). For example, in a TSA case study, Dullard and Oliver (2012)

found that one of the teachers who had completed the TS PD program over two years

had begun to integrate some of the TSA pedagogy into their other teaching including

providing a challenge to engage students, promoting small group discussions, and

allowing students to construct knowledge for themselves.

Teacher professional growth

If TPL occurs then this leads to teacher professional growth (TPG) or teacher change.

The operational definition for this research is that TPG can be defined as a process of

change in teacher beliefs, mental constructions, and perceptions regarding children’s

development and learning (Webster-‐Wright, 2009). It includes sustained change in

both teacher practice and pedagogy. Mevarech (1995, p. 152) states that “professional

growth in education is considered a process of change in teacher mental models,

beliefs, and perceptions regarding children’s minds and learning”. When considering

TPG, the experience is life-‐long and is represented by a continuing, evolving, refining

process of learning that has lasting effects (Clarke & Hollingsworth, 2002).

There are a number of models of TPG identified in the literature. Three of these will be

highlighted here. The first model is that by Guskey (2002) who believes that teachers

engage in TPD because they want to become better teachers, which contributes to

professional satisfaction. He proposed a linear four step ‘alternative’ model of teacher

change: Initially TPD leads to change in teachers’ classroom practices, which then leads

to a change in student learning outcomes and, finally a change in teachers’ beliefs and

attitudes (Guskey, 1986). This has implications for TPD: change is a gradual and
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difficult process for teachers; regular feedback is essential, as new practices are likely

to be retained if they are perceived as increasing ones effectiveness and competence;

and continued follow up, support and positive pressure is essential (Guskey, 2002).

Guskey (2002) himself acknowledges that the model simplifies the complex process of

TPG. As well, other researchers have criticised Guskey’s model for being linear, and

agree that the process of TPG is non-‐sequential (e.g. Clarke & Hollingsworth, 2002).

The second model by Clarke and Hollingsworth, details an empirically based model of

TPG they call ‘The interconnected model of professional growth’ (Clarke &

Hollingsworth, 2002). As the name suggests, the components of the model are

interconnected rather than being linear, as in the Guskey model. They purport that

TPG is a complex, inevitable, continuous process of learning and that the pedagogy of

teachers is at the heart of their professional growth. The model consists of four

domains: personal, including ones knowledge, beliefs and attitude; external sources of

information or stimulus; practice, including professional experimentation; and

consequence, the salient outcomes. Connecting these domains are two mediating

processes enaction, putting the new idea/belief into practice and, reflection, which

links to all four domains (Clarke & Hollingsworth, 2002). Justi and van Driel (2006) used

this model as a framework to investigate beginning science teachers’ knowledge on

modelling and models in science teaching. It allowed them to understand each

teacher’s development in a detailed way. The fluid nature of this model, which relates

to long lasting TPG, supports Guskey’s (1986) suggestion that there would be a

reciprocal relationship between the three outcomes of his model.

The third model to be considered is that by Adey et al. (2004) who proposed a model

of effective TPD that is based on their own research and also draws from the current

literature. This can be seen in Figure 2.1 on the following page. Teachers are shown in

a group, emphasising the importance of community and the three blocks which

interact with the teacher group are the senior management, quality of the TPD, and

the nature of the innovation itself, which are all positive features of TPD (Adey et al.,

2004). A critical feature of this model is that each of the four main blocks has to be set

in a positive condition for the TPD to be effective (Adey et al., 2004). Other attributes

of the model include each of the four elements interacts with all of the others; each
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element is important, and if one of them fails, the whole system will fail; and it implies

that TPD programs should pay attention to all of the elements. The model

demonstrates the complexity of the process involved in achieving effective TPD and

can be used to predict TPD success (Adey et al., 2004).

Figure 2.1: A model of factors which influence the effectiveness of professional

development. (Source: Adey, Hewitt, Hewitt & Landau, 2004, p. 172)

The model of TPG that participants in this study engaged in was adapted from Adey,

Hewitt, Hewitt, and Landau (2004), which was outlined above. Integral to the CASE and

TSA approach, and different from the Clarke and Hollingsworth (2002) model, is a TPD

specialist in CASE /TSA pedagogy who presents workshops and visits participants for

coaching and feedback (Lecky, 2012).
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SCIENCE TEACHING EFFICACY

The construct of self-‐efficacy draws from Bandura’s (1986) social cognitive theory. Self-‐

efficacy refers to a sense of confidence or the belief that an individual possesses about

their performance (Bandura, 1986). In this conception people can exercise influence

over what they do, and that they are self-‐organising, proactive, self-‐regulating and self-‐

reflective (Skaalvik & Skaalvik, 2010). Teacher self-‐efficacy may be conceptualised as

an individual teacher’s beliefs to plan, organise and implement the activities that are

required to achieve specified educational goals (Skaalvik & Skaalvik, 2010). This will be

the operational definition of teacher efficacy for this research. Self-‐efficacy is a multi-‐

dimensional construct. Research in the area of teacher self-‐efficacy includes predicting

teachers’ goals and aspirations, teachers’ attitudes towards innovation and change,

teachers’ use of teaching strategies, and the likelihood that teachers will stay in the

profession (Skaalvik & Skaalvik, 2010).

Science teachers need to feel confident that they are able to bring about desired

learning outcomes in their students; that is, they need to have a sense of self-‐efficacy

(Osborne & Dillon, 2008). In the OECD (2014) report A Teachers’ Guide to TALIS 2013,

the research purports that there is a strong link between teachers with positive

collaborative relationships with their peers, having greater self-‐efficacy. Further, those

who observe one another’s practice, provide and receive feedback, talk and engage in

activities together and take part in collaborative TPD, are likely to have greater self-‐

efficacy and increased job satisfaction. A 2003 study into the effects of the

implementation of a science curriculum innovation on TPG by Peers et al. (2003)

concluded that, if science teachers are surrounded by supporting factors such as

appropriate TPD, an understanding of the theory and pedagogy of the innovation, and

successful experiences in implementing it, then it is anticipated they will experience

greater self-‐efficacy about themselves as a teacher. In addition, when teachers engage

in their own self-‐reflection and show willingness to modify their practice, this then

promotes an ongoing cycle of continued experimentation and success. Park and Oliver

(2008) concluded that science teacher efficacy is also closely linked to pedagogical

content knowledge, that is a teacher’s understanding and enactment of how to best

help students understand curriculum content using multiple teaching resources,

strategies and processes.
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THINKING SCIENCE PROGRAM

The next subsection describes the TS program including the five ‘pillars’ of cognitive

acceleration (CA). The final subsection describes the literature related to TS

experiments and research.

Description

Thinking Science (TS) (Adey, Shayer & Yates, 2001) is a cognitive acceleration (CA)

program, consisting of 30 lessons conducted in science lessons over two years (usually

Years 7/8 or 8/9), which serves to accelerate students’ thinking, to help them more

ably cope with the demands of the prescribed curriculum (Oliver et al., 2010). The

program aims to improve higher order thinking skills in students, by addressing

Piaget’s schemata or reasoning patterns, so as to move students from concrete to

formal operational patterns of thinking. This can be applied to learning in general. The

emphasis of the lessons is on a particular reasoning pattern and not the science

content (Adey & Shayer, 1993). TS and the associated TS PD program are based on the

constructivist approach to learning, both for the student and teacher (Lecky, 2012).

Learning is an active and transformative process and the learner has pre-‐conceived

knowledge and practices which must be considered (Lecky, 2012).

TS is an evidence-‐based program and draws on the work of a number of psychologists.

There are five ‘pillars’ to a TS lesson (Oliver & Venville, 2016). The first, concrete

preparation, is where the context of the lesson is established. Terminology and lesson

materials are introduced to allow data collection or observations to be easily gathered

(McCormack, Finlayson & McCloughlin, 2014; Oliver & Venville, 2015). Concrete

preparation is where the framework of a problem is set, and its purpose is to ensure

that any problems encountered by students are intellectual rather than due to the

misunderstanding about lesson vocabulary and procedures (McCormack, 2009).

The second ‘pillar’, cognitive conflict, stems from the Piagetian principle that when the

mind encounters a challenge, it requires a more sophisticated cognitive structure to

overcome that challenge, than the one that is currently available. From a Vygotskyan

perspective, CA requires a student to be working within their ‘zone of proximal
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development’, the zone just beyond the student’s current unaided capability (Adey et

al., 2004). Vygotsky (1978) described the ‘zone of proximal development’ as the gap

between a student’s actual level of cognition and their potential for a higher attainable

level during a challenging activity, under the guide of an adult or in collaboration with

a peer. Cognition is stimulated by the presentation of intellectual challenges that must

be supported by scaffolding (McCormack, 2009). Students may report ‘this doesn’t

make sense/I feel confused’ and this is the driver for cognitive development, as they

must discuss ideas to develop an explanation (Oliver & Venville, 2015).

The third ‘pillar’, social construction, relates directly to Vygotskyan psychology, that

learning is basically a social process, involving listening to other students, discussing,

and contributing to discussions (Adey et al., 2004; McGregor & Gunter, 2001). Social

construction involves small groups of students working on activities where they

discuss, construct, share and develop meaning (Oliver & Venville, 2016). Further,

Oliver and Venville (2016) purport that social construction also involves whole class

discussion where all groups listen, students hear responses from their peers, and

individuals are able to develop and refine their own understanding. The teacher plays

a pivotal role as a facilitator of discussion, probing with further questions and asking

for contributions from all groups (Gillies, 2013; Oliver & Venville, 2016).

The fourth ‘pillar’ is metacognition, which is when students become conscious of their

own thinking, and overtly share this with their peers in the class (Adey et al., 2004;

Oliver et al., 2010). It is about students becoming aware of how they were thinking and

how others were thinking, and conscious of what they learned, which is different from

what they understood at the beginning of the lesson (Oliver & Venville, 2016).

Metacognition involves students thinking back and articulating how they solved

problems; speaking aloud helps to develop this consciousness (McCormack, 2009).

Adey et al. (2004) reports that learning how to manage cognitive conflict and social

construction is difficult for teachers, but that facilitating metacognition is the most

challenging ‘pillar’ of all, for teachers to undertake. Teachers play an active role in

developing metacognition in students and it involves them asking many open

questions, posing questions to a wide variety of students, using ‘wait time’ when
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questioning, facilitating discussion, and not providing the ‘answers’ (Oliver & Venville,

2012). When teachers become better questioners, they will become more confident at

developing metacognition in their students, which can lead their students to becoming

deeper learners (Chin, 2007; Fullan & Langworthy, 2013; Hattie, Fisher, Frey, Gojak,

Moore & Mellman, 2016).

Finally, bridging is where the student develops, applies and generalises reasoning

patterns to other contexts including other science lessons or everyday life (Oliver &

Venville, 2016). Teachers can also bridge when they transfer the specific TS pedagogy

to the rest of their teaching (McCormack et al., 2014).

The constructivist view of learning is where the learner has pre-‐existing knowledge;

learning involves the construction of meaning and is an ongoing, active process; the

learner evaluates knowledge promoted in the classroom; and learners have the final

responsibility for their own learning (Venville & Dawson, 2012). Through applying the

TS pedagogy to the lessons, TS enables a teacher to develop a constructivist approach

in their classroom. The TS PD program and five ‘pillars’ are also built on constructivism

for the teacher (Adey et al., 2004). The TS PD program is an active process and

teachers must construct meaning and the methods of cognitive intervention for

themselves, in conjunction with their peers (Lecky, 2012).

Learning to manage these ‘pillars’ within a lesson is a complex process and often

causes frustrations for the teacher, which is why a TPD program is essential to support

successful implementation of the program (Adey et al., 2004; Oliver et al., 2010).

Teachers need to develop a classroom environment where students feel safe to

contribute, all voices are heard, understanding and managing group dynamics is

important, and the emphasis is on listening, questioning and discussion (Adey et. al.,

2001). Teachers need to change their pedagogy by fundamentally altering the way

they approach and ask questions to students (Adey et al., 2004).

Thinking Science experiments and research

The initial CASE experiment, which studied the effects of CA on student thinking,

involved 10 co-‐educational secondary schools in the UK. These formed the
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experimental groups and there was also one laboratory class (for piloting the

materials). Students were taught by their classroom teachers, who participated in a TS

PD program led by the CASE researchers (Adey & Shayer, 1990). In each school there

was one control class who did not get taught the 30 TS lessons, and their results were

used as control data. All students were administered tests that measured their

Piagetian level before beginning the program, at the conclusion, and one year after the

program had ended. Experimental schools showed a positive gain in some of the

groups of students at the end of the two-‐year TS program (Adey & Shayer, 1990).

However, CASE students had higher average cognitive levels than control students,

one year after the end of the two-‐year intervention (Shayer & Adey, 1992). This gain in

thinking skills transferred to their results on the British General Certificate of

Secondary Education (GCSE) which were higher than control group scores, in Science,

Mathematics and English, two to three years after they had completed CASE (Adey &

Shayer, 1993). These outcomes led to further CASE research.

The TS and TS PD program have been successfully adapted and transferred to a

number of other countries including the United States (Endler & Bond, 2008), Malawi

(Mbano, 2003), Finland (Hautama ̈ki, Kuusela, &Wikstro ̈m, 2002), Pakistan (Iqbal &

Shayer, 2000) and Australia (Dullard & Oliver, 2012). Not all locations have had the

same level of resourcing with which to implement the TS PD program, and so success

has been variable.

Jones and Gott (1998) conducted research that was triggered from questioning the

original CASE research (Adey & Shayer, 1990) They reported reservations about the

use of the Piagetian reasoning tasks (to determine cognitive levels), with a small

sample size of students. Their research investigated CASE in natural settings in five UK

schools and focussed on teacher perspectives. They surveyed the CASE teachers in the

schools, using a questionnaire at the end of the two-‐year TS PD program. Whilst the

overall impression of using CASE was favourable, Jones and Gott (1998) also identified

factors limiting success including teacher preparation time, in-‐class coaching received,

enthusiastic schools receiving the most in-‐school support, and amount of TPD

obtained. They noted that these elements varied from school to school.
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McGregor and Gunter (2001) investigated the change in teacher performance in the

classroom as a result of CASE implementation. 22 teachers were involved and

participated in all aspects of the two-‐year TPD program. They were all surveyed by

questionnaire at the end of the TS PD. By implementing the proposed TS PD model

effectively, this study showed that teacher development does occur: there was more

collegiality amongst peers, teacher questioning techniques broadened, and teachers

were more proactive in grouping students (McGregor & Gunter, 2001). One year after

the questionnaire was administered, four teachers were interviewed for one hour

during their non-‐contact time in order to follow up on issues arising from the original

questionnaire. This was a small sample size. In their findings McGregor and Gunter

(2001) reported positive responses from participants about CASE and they found it

challenging to find any negative reactions in their research.

The TS PD program has a theoretical foundation, it addresses specific content

(reasoning patterns and higher order thinking skills) and it is on-‐going, as each time a

lesson is taught, teachers are involved in their own TPD (Adey et al., 2004; Adey,

2006). The cost-‐benefit analysis of TPD reported by Shymansky, Wang, Annetta, Yore,

& Everett (2012) suggests that sustained TPD impacts students’ learning outcomes.

The length of TPD programs is also an important element. The more time a teacher

spends on it, the more likely they are to use it (Darling-‐Hammond & Richardson, 2009).

The optimum number of hours to spend on TPD varies throughout the literature,

depending on different research findings. Yoon et al. (2007) purport that the average

length of time required for TPD to be notable and improve student achievement is 49

hours. TPD must be sustained and intensive from 30-‐100 hours over a 6-‐12 month

period (Darling-‐Hammond, Wei, Andreee, Richardson & Orphanos, 2009). The TS PD

program incorporates six formal days of TPD, and teachers practice and develop their

skills when each of the 30 TS lessons is taught. It is therefore potentially an effective

model of TPD that may lead to authentic TPG (Adey et al., 2004).

CONCLUSION

This chapter has outlined the current literature informing this study. It began with a

discussion about the growing attention to teacher quality in an increasingly globalised

and competitive society. This was followed by a consideration of three concepts: TPD,
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TPL and TPG, all of which are inter-‐related, and widely reported in the literature, due

to their significance to teaching and the contested nature of their definitions. Next,

science teacher efficacy was discussed.

The majority of TS research focuses on student achievement, and there is a limited

amount dedicated to teacher perspectives and effects. The literature describes some

of the problems teachers encounter when implementing TS lessons such as the

amount of preparation time required, the language of the resource materials, the low

level of engagement of some teachers, and the view that it is very challenging to teach

the ‘first time through’ (Jones & Gott, 1998; Oliver et al., 2010; 2012). There have been

in-‐depth studies of schools and their teachers as they came to the end of the two-‐year

TPD program (Adey, 2006). Follow up research in the original CASE schools, to find out

if teachers were still employing CASE methodology, one year after they had completed

the TS PD revealed the following: the level of collegiality amongst teachers varied,

school leadership played a critical role, and school structures impacted on the

effectiveness of an intervention when teachers transitioned in and out of a school

(Adey, 2006).

Overall, empirical research about teacher perspectives on the impact of the TS PD

program on their practice, more than one-‐year post the completion of the TS PD

program finishing, is lacking. The next chapter, Chapter Three, will describe the

methodology that was used in this study, which was designed to examine the effects

of the TS PD program after four or more years since completion.
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CHAPTER 3

METHODOLOGY

INTRODUCTION

This chapter outlines the methodology for the study. Overall, the study used

qualitative research techniques, specifically a case study strategy. The theoretical

framework adopted was the interpretivist paradigm. The chapter explains the case

study strategy and the sampling techniques employed (purposive and snowballing).

Data collection techniques are outlined, including an initial semi-‐structured interview,

then a lesson observation followed by a second semi-‐structured interview. Next, data

analysis is explained. Finally trustworthiness and conforming to the standards for

ethical research are described.

RESEARCH DESIGN AND RESEARCH QUESTIONS

The aim of this study was to analyse teachers’ perspectives on the nature of the

impact of the Thinking Science Professional Development (TS PD) program on science

teacher professional growth four to six years after the end of the formal teacher

professional development program. This aim is reflected in the following central

research question:

What are science teachers’ perspectives on the impact of the Thinking Science

Professional Development (TS PD) program on their professional growth?

Specific research questions were:

What are teachers’ perspectives on how the TS PD program impacts on:

d) types of pedagogy employed?

e) the nature of teacher-‐teacher, student-‐student and teacher-‐student

interactions?

f) science teacher efficacy?

THEORETICAL FRAMING

The project adopted a qualitative research approach, which includes the researcher

observing a situated activity within the world (Creswell, 2013). Studies occur in natural

settings which are representative of daily practice and thus make that practice visible.

For this reason, data is collected as words rather than numbers (Cohen, Manion &

Morrison, 2007; Creswell, 2013). The researcher’s worldview always underpins and
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guides research design, questions, data collection and analysis (Creswell, 2013;

O’Donoghue, 2007). The positionality of the researcher in this research will be

discussed later in this chapter.

The researcher adopted a theoretical framework of interpretivism (Lincoln, Lynham &

Guba, 2011; Morse, 2003; O’Donoghue, 2007). The interpretivist paradigm is

concerned with understanding the world as it is from the subjective experiences of

individuals. In this worldview, social interaction is the basis for knowledge, and

individuals continually construct and negotiate their view as a result of their

interactions. The individual and society are inseparable, mutually interdependent

units, and all human interactions, are said to be meaningful (Goldkuhl, 2012;

O’Donoghue, 2007). O’Donoghue (2007) goes on to describe how the interpretivist

approach can uncover people’s perspectives on a phenomenon, the actions people

take in light of their perspectives, and patterns which develop over particular periods

of time. Goldkuhl (2012) explains that the core idea of interpretivism is to work with

people’s subjective meanings, to reconstruct them, understand them, avoid distorting

them and to use them as building blocks in theorising. The researcher is the primary

data-‐gathering instrument.

CASE STUDY DESIGN

The research design was a case study. In a case study, a phenomenon is examined in

detail, in its natural setting, recognising the complexities of context (Punch, 2009).

There is, though, considerable discussion in the literature about the definition of a case

study and the various types (Creswell, 2013; Cohen et al., 2007). Miles and Huberman

(1994) for example, define a ‘case’ as a phenomenon of some sort occurring in a

bounded context. Yin (2014) describes a two-‐fold definition of a case study. Firstly, the

scope of a case study is an empirical inquiry that investigates a phenomenon in depth

and within its context when the boundaries between these two components may not

be clearly evident. Secondly, the features of a case study consider methodological

characteristics including a technically distinct situation where there will be more

variables of interest than data points, and so the case study relies on multiple sources

of evidence, with data needing to converge.
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The unit of analysis – the case – needs to be defined to help to determine the scope of

data collection (Punch, 2009; Yin, 2014). In the research reported in this thesis, the

‘case’ was the TS PD program; it was a case of the broader category of TPD. The case

study needs to attempt to preserve the ‘wholeness’ of the phenomenon, and multiple

sources of data collection methods should be used so that it can be linked to

propositions and interpreted (Punch, 2009; Yin, 2014). The case study can make a

valuable contribution to education research, as an in-‐depth study can provide an

understanding of the important aspects of a phenomenon, especially when used in

combination with other research approaches (Punch, 2009).

An issue of concern in case studies is that of depth versus breadth of coverage (Stark &

Torrance, 2004). Stark and Torrance (2004) claim that within the logic of a case study,

the recommended choice is depth. Resources and time are a contributing factor to this

issue. The focus of this case study of TS PD was on depth of coverage, which is

described in the next section on sampling. However, some degree of breadth was

achieved by selecting and inviting participant teachers from different school sites and

education sectors (government and non-‐government), to capture teachers’

perspectives of the impact of the TS PD program in varying teaching contexts. An

appropriate sample was necessary to fit in with the other components of the study in

order to ensure the validity of the research design. Thus, for this study purposive

sampling was used (Cohen et al., 2007; Huberman & Miles, 2002), as outlined below.

Within the case of the TS PD program participants were purposively selected.

SAMPLING

Purposive sampling is one of the most common sampling strategies used when

participants need to be selected according to preselected criteria relevant to the

research questions (Mack, Woodsong, MacQueen, Guest & Namey, 2005). The

participants will be knowledgeable about the research topic and therefore be able to

supply in-‐depth information about the questions (Cohen et al., 2007).

A list of participants in the TS PD program from 2009 to 2012 was obtained from

records kept by a university academic staff member who organised and facilitated the

TS PD program in Western Australia. The teachers were from Department of Education



28

schools, Catholic Education schools and Association of Independent (Western

Australia) schools. However, the list of initial participants (approximately 30) from

2009 to 2012 was incomplete, and not all of the listed participants met the selection

criteria (see below). To further expand the potential sample, snowball sampling (Cohen

et al., 2007) was utilised. According to Cohen et al. (2007) in snowball sampling, the

researcher firstly identifies individuals who have the desired characteristics of interest.

Secondly, the researcher then uses these people to identify others who may qualify for

inclusion in the sample. The intention was to draw from a variety of backgrounds such

as varying gender, levels of experience, education sectors and school contexts.

In 2015-‐16 a letter was sent to the Principal of each school where potential

participants were teaching, in order to obtain consent to commence the research and

to generate further possible participants through snowball sampling.

Once a list of potential participants had been generated, a letter was sent to teachers

who undertook the TS PD in the years 2009-‐2012 (approximately 20) to determine

who met the following criteria:

a) participated in four, five or six days of the formal TS PD program from 2009 to

2012

b) taught the 30 TS lessons to Year 7/8 or 8/9 students during the years 2009-‐12

c) prepared to participate in a semi-‐structured interview conducted by the

researcher

d) prepared to participate in classroom observation by the researcher and a

follow up semi-‐structured interview

e) teaching science to secondary school students in WA at time of data collection

(2016/17)

Obtaining participants was difficult. For example, some Principals did not agree to the

research, and also obtaining responses to the invitation sent to potential participants

in the schools, was a difficult process. A sample of five teachers was yielded, but for

each participant three sets of data were collected at different points. Thus the

researcher worked with 15 different data clusters.
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DATA COLLECTION

Qualitative research lends itself to particular sources of data. In this case, data was

obtained through semi-‐structured interviews of participants, which were conducted

first, followed by a lesson observation and then a second semi-‐structured interview, as

outlined below.

Semi-‐structured interviews

Interviews are one of the six sources of data, as identified by Yin (2014), suitable for a

case study. Some strengths of interviews include that they can be targeted to focus on

the case study, and, they can be insightful as they provide explanations as well as

participants’ personal views. Some weaknesses to be mindful of are that they may be

biased due to poorly articulated questions, inaccurate due to poor recall by the

participant, or the participant may give a biased response (Flyvberg, 2011; Yin, 2014).

In this study participants were asked to recall their TS PD perspectives from four to six

years before, however this was the same amount of time for all participants, still

rendering comparisons over time very valuable. The researcher also needs to avoid

encouraging reflexivity, where the participant provides what they think the interviewer

wants to hear (Yin, 2014).

There are a number of types of interviews and their descriptions vary in the literature

(Cohen et al., 2007; Creswell, 2013). The type of interview used for this research was

based on a focused or semi-‐structured interview (Barbour & Schostak, 2004; Cohen et

al., 2007). In a semi-‐structured interview, a set of interview questions is constructed by

the researcher to identify the main areas of inquiry. The interviewer directs the

interview and may make use of additional open-‐ended questions or prompts.

For this research, each participant was asked to be involved in two semi-‐structured

interviews. For the first interview, participants were sent a brief introduction to the

discussion topics to be covered, approximately two weeks before the interview date in

order to allow them to reflect on the focus of the research prior to the interview. The

researcher negotiated a date and time which suited both parties. The face-‐to-‐face

interview took place in a quiet location at the school where the teacher worked, unless

otherwise negotiated (Creswell, 2013; Punch, 2009). In addition to the pre-‐determined
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interview questions, which were grouped around the specific research questions,

additional open-‐ended questions related to the study were included in order to

capture unexpected issues and information. Interview data consisted of audio

recordings (agreed to by the participants) in order to produce a transcript (Creswell,

2013). The interviewer’s notes were recorded to document observations about the

interview content, the participant and context (Creswell, 2013; Silverman, 2010). The

initial interview took approximately 70-‐100 minutes to complete. See Appendix A for

the questions that were used in the first interview.

It was important for the researcher to establish trust and build rapport with the

participants. The conduct of the interview was explained, and the researcher adopted

a non-‐judgemental, clear, polite, respectful, personable and objective position (Cohen

et al., 2007). Participants needed to feel at ease, especially during lesson observations.

They also needed to feel able to talk freely during interviews, and not to feel that they

were merely part of a data collection exercise. For these reasons, the researcher

sought to build an atmosphere in which the procedures were social, interpersonal

encounters (Cohen et al., 2007).

To increase the validity and reliability of the interviews -‐ as described in the section on

data analysis which follows -‐ the interview questions were piloted with two volunteer

teachers who were engaged in the TS PD program, but who were not participants in

the study as they did not fulfil all selection criteria. Such piloting with a small group of

people helps to reduce ambiguity and identify questions that produce the most useful

spread of information, as a way of improving the clarity of the questions that will be

used with the participants (Barbour & Schostak, 2004).

Lesson observation followed by a second semi-‐structured interview

A second source of evidence commonly used in case studies is direct observations

(Creswell, 2013; Yin, 2014). As case studies take place in a real world setting, the

opportunity for direct observation is created and allows ‘live’ data to be gathered

(Cohen et al., 2007; Yin, 2014). Direct observation can be used to triangulate interview

data, as it provides additional information about the topic being studied. Data of this
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type seeks to check against participants’ reporting of what they believe and do, and to

understand the context of the participants’ situations (Mack et al., 2005).

One to four months after the initial semi-‐structured interviews, direct classroom

observations by the researcher occurred. Permission was sought from the school and

the teacher. The researcher observed the participant teach a single science lesson to

high school students in Years 7 to 12. The type of lesson and subject content was

discussed with the teacher at least one week beforehand to determine the suitability

of the lesson for observation. The researcher observed the teacher’s pedagogy and

interactions with students. In order to guide the researcher, semi-‐structured

observation techniques were used. The researcher observed an entire lesson of

approximately one hour’s duration. During the lesson, the researcher sat in an isolated

part of the classroom from where the students and teacher could be clearly seen and

heard. Both descriptive and reflective field notes were recorded throughout the lesson

(Creswell, 2013). These included observations such as types of pedagogies used by the

teacher (e.g. direct instruction/student activities/group work); quantity and types of

questions asked throughout the lesson; classroom environment (e.g. expectations of

teacher/classroom rules/physical layout of room); type of classroom interactions

occurring between students and teacher-‐students (quantity and quality); and non-‐

verbal communications observed. The observation protocol that the researcher used

can be found in Appendix C.

Once the lesson observation had taken place, it was followed as soon as possible by a

second interview, while the lesson was still fresh in the mind of the participant teacher

and researcher. The format was again a semi-‐structured interview. Questions posed

by the researcher related to the categories in the observation schedule, however the

order in which the questions were asked was flexible (Cohen et al., 2007). The duration

of the interview was no more than 60 minutes and was recorded in a similar way to

the first semi-‐structured interview. See Appendix B for the questions that were used in

the second interview.
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DATA ANALYSIS

In qualitative research there is no single way to analyse the data and analysis is the

most difficult stage (Punch, 2009). The process involves preparing and organising the

data, reducing it into themes through coding, condensing the codes and finally

representing the data in a suitable form(s). It is an inductive process (Creswell, 2013).

The Miles and Huberman (1994) framework for qualitative data analysis, as outlined by

Punch (2009), was adopted for this research. There are three main components to this

analysis: data reduction, data display, and drawing and verifying conclusions (Punch,

2009).

The data is reduced, where the aim is to condense the quantity of data without

significant loss of the information, particularly from its context (Punch, 2009). This

occurred continually throughout the analysis. Once the interviews were transcribed,

coding and memoing of the data was conducted. Coding involves assigning

names/labels against pieces of data. The data is indexed to provide a basis for storage

and retrieval (Cohen et al., 2007; Punch, 2009). In the Miles and Huberman approach

there are two types of codes: descriptive, which require little or no inference beyond

the piece of data; and inferential/pattern codes, which are at a more abstract level and

seek to pull the information together into more meaningful units (Cohen et al., 2007;

Punch, 2009). Memoing began at the start of the analysis along with coding. While the

researcher was coding, ideas started to emerge. These became the basis of memos,

which recorded ideas (Punch, 2009). Memos may be a note to self, hints, clues

suggestions about any preliminary interpretation and the start of conceptualising the

data (Yin, 2014). Memoing was used for both the interviews and classroom

observations. Huberman and Miles (2002) regard data display as essential, and they

maintain that the better displays are, the more valid the qualitative research.

Qualitative research data tends to be voluminous and bulky, so accurate display will

help all stages in the analysis (Punch, 2009).

Drawing and verifying conclusions was the final activity in the Miles and Huberman

(1994) analysis. Once the data had been reduced and displayed it was more accessible

for drawing conclusions, although these steps took place concurrently (Punch, 2009).

Data display in this study was through: a table of themes for each participant from the
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interviews grouped according to each specific research question; a table of themes for

each participant from the lesson observation grouped according to each specific

research question and; a table of themes for each specific research question, which

was constructed from the themes that had emerged from each participant. The three

components of data analysis were not separate from one another. They were

interwoven and occurred concurrently throughout the data analysis, and the more the

data was examined, the richer the picture of the case that was produced (Punch,

2009).

An example of the data analysis process used for each participant is outlined below.

Firstly, data was reduced through coding and memoing. Questions about each specific

research question were asked in groups and thus the data was in one location. The

researcher had to be aware that some answers overlapped and potentially provided

data for a different research question. Each interview transcription was read, and

codes and memos were written in the margin of the hard copy of the document. This

process was used for both the first and second semi-‐structured interviews with each

participant. An example of this is shown in Figure 3.1, which follows. This began the

data reduction process.

The second step was to condense the data further and apply the next level of

abstraction by composing a one-‐page summary for each participant, for each specific

research question, for the two time periods: during the TS PD program and at the time

of data collection. This was made up of codes and memos. An example of this for one

of the participants is displayed in Table 3.1, which follows.
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From this summary, dominant themes began to emerge from the data. These were

tabulated for easier analysis. An example of this is shown in Table 3.2, which follows.

Table 3.2 An excerpt of findings from one participant for specific research question 1:

pedagogy

Specific research
questions: What are
science teachers’
perspectives on how
the TS PD impacts
on:

During TS PD (2009-‐11) At Data Collection (2016)

types of pedagogy
employed?

• Experimenting –
resonated

• Teaching thinking –
new strategies

• Consolidated good
questioning skills

• Metacognitive
questioner -‐
developed

• Strategies for critical &
creative thinking

• Pedagogy for a purpose –
critical friends & transfer

• Emphasis on questions -‐
wide variety, purpose &
wide distribution

• Metacognition -‐ for deep
learning

The lesson observation protocol was used to collect observations during the classroom

science lesson. The researcher then used coding and memoing to condense the data

into a summary table (see Table 3.3 below) categorised into the three specific research

questions. This facilitated easier comparison with the other two data sources.
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Table 3.3 One participant’s lesson observation summary table

Lesson context: Year 12 Chemistry; alkanes/alkenes; small groups; multiple problems
to solve

SRQ1 pedagogy SRQ2 interactions SRQ3 self-‐
efficacy

• Many open ended,
metacognitive & thinking
questions

• Student centred
• Cognitive conflict – lots of

problems to solve
• Very little explanation
• Teacher circulating, listening &

questioning – dominant
• Small group and whole class

discussion hearing from a
variety of students

• Students in groups the
whole lesson

• Small group & whole
class – questioning,
listening & discussion

• High frequency of
interactions – student-‐
student; teacher-‐
student

• Many questions –
purpose; types;
distribution

• Confident
• ‘Knows’ the

students
• Positive

learning
environment

Once the three data sources had been analysed for each participant, it was examined

and triangulated to determine the overall themes and any points of difference for each

specific research question. This information from each participant was collated and

tabulated to enable the easier comparison of findings between participants, for each

specific research question. It allowed the identification of dominant themes and points

of difference to become evident. Dominant themes were discussed in relation to the

current educational literature and this, in turn, was used to guide the development of

propositions, as presented in Chapter 5.

TRUSTWORTHINESS: VALIDITY AND RELIABLILTY OF THE DATA – ROLE OF THE

RESEARCHER

In qualitative research there is no single agreed upon description for reliability and

validity (Creswell, 2013). For the purpose of this research, these constructs have been

referred to as ‘trustworthiness’, as described by Whittemore, Chase and Mandle

(2001).

The researcher is a primary tool for data collection in qualitative research. They

therefore have a significant impact on the validity and reliability of the data (Letts,

Wilkins, Law, Stewart, Bosch & Westmorland, 2007). Validity of the research is
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important for judging its quality and credibility, and in social science research,

construct validity is particularly relevant. Construct validity means identifying a correct

set of operational measures for the concepts being studied (Yin, 2014). To increase

construct validity in this case study, multiple sources of evidence were used: initial

semi-‐structured interviews, direct classroom observations and follow up semi-‐

structured interviews. A chain of evidence was developed, which allows an external

observer to trace the steps of the research in either direction (Yin, 2014). Triangulation

was also applied, where the researcher used multiple sources of evidence in order to

develop converging lines of inquiry to shed light on the phenomenon. Any finding is

likely to be more plausible if based on several different sources following similar

convergence (Creswell, 2013; Yin, 2014).

Research is reliable if a later researcher follows the described procedure, conducts the

case study, and comes to similar conclusions (Cohen et al., 2007; Creswell, 2013). Clear

research design and methodology contribute to enhancing reliability. The researcher in

this study had considerable experience in observing teachers teach a science lesson,

and note-‐taking during the lesson. This supports the reliability and also the validity of

this study as the researcher was skilled in making both kinds of observations.

As the researcher is the primary tool of data collection in qualitative research, it is

important to consider their positionality. The researcher in this study was a participant

in the 2009-‐11 TS PD sessions and so this raises the issue of positionality. Rizvi and

Lingard (2010) state that the location of the researcher within the study must be made

very clear and that the issue of reflexivity demands this transparent articulation. The

researcher’s role, during the time period of data collection, was working with schools

involved in implementing the TS program. She was responsible for the facilitation of

the TS PD to teachers and visiting schools to demonstrate lessons, team teach or

observe teachers teaching a lesson, including providing feedback. The researcher’s

background in facilitating the TS PD program enabled her to ask in-‐depth questions

that would be meaningful to participants, thus adding depth to this study. The

researcher did not directly work with any of the participants from the 2009–2012 TS

PD program phase and was not involved in training them.
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CONFORMITY TO STANDARDS FOR ETHICAL RESEARCH PRACTICE

Research needs to be conducted in a considerate, ethical manner in accordance with

the requirements of the Australian Code for the Responsible Conduct of Research,

produced by the National Health & Medical Research Council (NHMRC) (NHMRC,

2007). Ethics clearance was sought from the Human Research Ethics Office at the

University of Western Australia (UWA).

Once ethics clearance was issued by UWA, permission to conduct this research was

obtained from the various sectors – Department of Education (WA) according to the

sector policy statement and individual schools who are members of the Association of

Independent Schools (WA). Permission from Catholic Education WA was not required

as one of the participants who had engaged with TS in a Catholic school had moved to

an Association of Independent School by the time data was collected.

Written permission was obtained from the Principals at the schools where participants

taught. Once these permissions were obtained, individual teacher participants were

approached, and written permission was sought from them to be involved in the

research. Participants were provided with written information related to the research

study, which included a general overview of the research and what was involved. They

were also informed of the extent to which the data collected was confidential.

Examples of letters to Principals, potential participants and consent forms can be

found in the Appendices D-‐H at the end of this thesis. Participation was on a voluntary

basis and included interviews with the researcher and classroom observations being

made. It was made clear that participants were able to withdraw at any time without

reason or prejudice. All electronic data will be stored securely for seven years after

completion of the research, in line with the requirements of the Ethics Committee of

UWA, on a password-‐protected computer. All hard copy data will be stored in a locked

filing cabinet for the same period.

The researcher involved in the collection of data had a ‘Working with Children

Assessment Notice’, to allow her to enter schools, as outlined by theWorking with

Children (Criminal Recording Checking) Regulations 2005.
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CONCLUSION

In this study, interpretivism provided the theoretical lens to investigate the

perspectives of the participants about the impact of the TS PD program. A ‘case study’

design provided a framework to examine the perspectives of teachers who had

participated in the TS PD program four to six years prior. This study was a series of

cases of the broader category of TPD. Data was collected using semi-‐structured

interviews and lesson observations. The Miles and Huberman (1994; see also Punch

2009) method of data analysis was used, whereby data was firstly reduced and then

clearly displayed, and conclusions were finally drawn and verified. The findings are

presented in the following chapter.
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CHAPTER 4

FINDINGS

INTRODUCTION

This chapter outlines the findings from data collection with each of the five

participants in relation to the central research question:

What are science teachers’ perspectives on the impact of the Thinking Science

Professional Development (TS PD) program on their professional growth?

For each participant (pseudonyms), their teaching context at the time they undertook

the TS PD (2009-‐2011) and at the time of data collection (2016-‐2017) will be described.

This will be followed by a table summarising the dominant themes in their responses

about the three specific research questions, which focus on pedagogy, classroom and

teacher interactions, and teacher efficacy, respectively. The dominant themes, which

are identified in bold italics, will be elaborated. The lesson observation of each

participant was conducted between one and four months after the first semi-‐

structured interview, and it was immediately followed by a second shorter semi-‐

structured interview. For details about this process refer back to Chapter Three

(Methodology). An observation protocol was used, details of which are also located in

the Methodology chapter, and a copy can be found in Appendix C. A table summarising

the lesson observation data will be displayed and explained. This will be followed by a

brief summary of findings for each participant, including comparison of interview and

observational data. Refer to Chapter Three (Methodology) for an example of how the

data was analysed. A short conclusion ends the chapter. Comparisons between the

five participants on the dominant themes emerging from the specific research

questions will be discussed in the following chapter, along with links to the literature.

Findings are presented in this chapter without reference to the literature. The

literature is drawn in to the discussion in the final chapter. Here, priority is given to the

voices of participants.
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FINDINGS

Participant 1 – ‘Nick’

Background Context: ‘Nick’

Nick was in his fifth year of teaching when he commenced the TS PD in 2009. He had

recently moved from his first teaching position to the school at which he did the TS PD,

and he remained there for four years. The school was a government secondary school,

established in 2006, and situated in a coastal community south of Perth. At the time, it

had a slightly below average Index of Community Socio-‐Educational Advantage (ICSEA).

Nick was the Thinking Science (TS) coordinator at the school, but moved to a different

school in 2013, and was still teaching at this school in 2016, when the data was

collected. This school had a high ICSEA, and was an established government

independent public secondary school, located in metropolitan Perth. The school

delivered TS and Nick was the TS coordinator.

Summary Table: ‘Nick’

Table 4.1 which follows, summarises the dominant themes to emerge from Nick’s

interviews related to each of the three specific research questions.
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Table 4.1 Findings from Nick

Specific research
questions: What are
science teachers’
perspectives on how
the TS PD impacts on:

During TS PD (2009-‐11) At Data Collection (2016)

1
types of pedagogy
employed?

• Teaching thinking –
new strategies,
experimenting

• Consolidated good
questioning skills

• Metacognitive
questioning -‐
developed

• Strategies for critical &
creative thinking

• Deep understanding of
pedagogy for a purpose
including critical friends for
reflection & transfer of TS
strategies to other lessons

• Emphasis on questions -‐ wide
variety, purpose & wide
distribution

• Metacognition for deep
learning

2
the nature of
interactions (student-‐
student; teacher-‐
teacher; teacher-‐
student)?

• More conscious of
interactions -‐
experimenting

• Challenging context
at first

• Collegiality
important – mixed
ownership

• About relationships –
connecting, being helpful,
encouraging, ensuring
students work in their
construction zone

• Group work – purpose,
confident, conscious

• Collegiality essential -‐ critical
friends, shared experience

3
teacher
efficacy?

• Confident in
general

• Conflicted part way
through PD

• Confident in TS by
end of TS PD

• Confident
• TS pedagogy part of teaching

process, it has transferred
• Focus on students & their

learning

Discussion: ‘Nick’

Pedagogy [Specific Research Question 1]

Before commencing the TS PD Nick reported that he taught in a more teacher-‐directed

style and that the TS PD (2009-‐2011) came at the right time as he had begun to

experiment with more active learning strategies. He considered that the TS approach

resonated with his philosophy about teaching: “At that time I guess I picked up

something that makes sense with where I am, how can I play with this?”. Nick also

asserted that he had shifted towards a pedagogy where students had the opportunity
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to think and reason more, and that the TS PD was a mechanism that helped him

achieve this:

If you are a beginning teacher and a new teacher or even an established

teacher trying to work on building higher order thinking, you need something

to help you to bridge that gap. A program like this [TS] for me worked really

well, it gave me that foothold so I could work through that.

At the time of the TS PD, Nick reflected that he had well developed questioning skills.

He perceived this was due to his teaching experience and a professional development

(PD) program he had undertaken called Classroom Management Strategies (CMS),

which had exposed him to a wide range of questioning techniques. Nick reported that

his questioning skills had changed during the TS PD. The TS PD had helped to reinforce

and develop the principles he had acquired from CMS and linking them to the idea of

metacognitive questioning which he had been starting to explore. He maintained his

metacognitive questioning skills, which were used to stimulate students thinking

about their thinking, had progressed. Nick recalled: “I remember one of the PD days,

we did a lot of talking with each other about how you would ask metacognitive

questions…..and we drafted a lot of possibilities and then got a master list”.

At the time of data collection (2016) Nick reported that he used multiple strategies

including explicit teaching, cooperative learning strategies, group work and inquiry-‐

based learning. In particular, he perceived he used strategies that helped students

become critical and creative thinkers. Nick commented that he had a deep

understanding of his pedagogy and strategies were chosen for a definite purpose. Nick

asserted he had transferred all aspects of the TS approach to his general lessons. Nick

reflected that an important element in promoting the transfer of skills, was that he

had a critical friend with whom he had professional conversations about pedagogy.

This friend also observed his lessons and vice versa: “That’s been really enriching for

me those actual conversations and going away and trialling things, and then coming

back and having discussion about it”.

One aspect of his pedagogy that Nick viewed as a dominant characteristic in 2016 was

the use of questioning. He felt he asked very complex questions in order to facilitate a
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discussion and construct knowledge. His questioning technique included ‘think time’

for the students as well as distributing responses around the class. In particular, Nick

recognised that he made extensive use ofmetacognitive questions in order to

establish what students knew, how they knew it and why: “getting them to draw

beyond the right, wrong, yes, no, here is a fact, it’s not a fact, it is about connecting it

up, and getting them to see ways of solving it and ways of approaching problems as

well”.

Classroom and Teacher Interactions [Specific Research Question 2]

During the TS PD (2009-‐2011) Nick reported that the TPD had helped him become

more conscious of interactions between students and between himself and students.

He stated that it had given him more tools to utilise in his teaching and this was an

approach that he knew worked. He felt that each time he taught a TS lesson he had

the opportunity to practice the skills, including group work and questioning.

Throughout the duration of the TS PD, Nick described implementing TS in his school as

challenging. He was new to the school and many of the students were not engaged.

During the first year of implementation (2010), Nick reported that he and his

colleagues engaged in TS and undertook the TPD as a group. He maintained that

although they knew the implementation was going to be challenging, staff shared the

responsibility and ownership of it. During the second year of implementation (2011) he

felt the initial collegiality began to decline as some staff were not invested in the

process and opted out of the TPD.

By the time of data collection in 2016 Nick had moved to a different school, which also

delivered TS. He reported that his interactions with students focused on forming

positive relationships. These included being supportive, identifying students who had

different starting cognitive levels, reinforcing high expectations, and encouraging them

to embrace science and the learning and thinking associated with it: “I say to kids all

the time, it does not matter if you don’t get the highest score possible, what matters is

that we keep working, we try to grow from where we were”. He perceived that he

cultivated a positive learning environment. Nick stated that he used small group work

frequently with his students, structuring groups so that the ‘zone of proximal

development’ was stretched for all students within it. Collegiality was essential to his
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practice, especially as he had a critical friend with whom he could engage in

professional discussion and from whom he could receive feedback on ideas:

When you don’t have people to talk to and bounce off and you are trying to

implement a pedagogical change, you are then effectively doing it on your own

and it’s very easy to become dispirited or to lose track, to lose focus, to move

off from what you were originally trying to achieve.

Teacher Efficacy [Specific Research Question 3]

During the TS PD (2009-‐2011) Nick reported that he was a confident practitioner and

had been recognised as a Level 3 Classroom Teacher in the Government system.

Although he considered his skills were still being refined, this achievement was a big

part of his self-‐efficacy. At the beginning of the TS PD he felt positive about

implementing TS but part way through the first year he described feeling conflicted.

Nick stated this was because he experienced challenge and frustration by some of the

lessons, as they did not go according to plan. By the end of the second year of

implementation, Nick reported that he felt confident about the TS approach and

applied it to other contexts. Although implementing TS was a challenge, he maintained

he had developed as a teacher, and this had a positive impact on his efficacy.

At the time of data collection (2016) Nick considered he had high efficacy and was a

confident practitioner. He reported that this confidence enabled him to lead other

teachers in developing their TS skills. Another aspect of Nick’s efficacy that he

commented on, was his focus on deep learning for his students: encouraging them to

share ideas, to think metacognitively, link ideas and to act as a facilitator. Nick also

asserted that the TS pedagogy had become part of his processes: he was confident and

fully understood the methodology, could transfer it to other contexts including

developing higher order thinking skills and teaching socio-‐scientific argumentation. He

also assisted colleagues to develop their skills.
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Lesson Observations: ‘Nick’

Table 4.2 Nick – Lesson Observations

Lesson context: Year 12 Chemistry; alkanes/alkenes; small groups; multiple problems
to solve

SRQ1 pedagogy SRQ2 interactions SRQ3 teacher
efficacy

• Many open ended,
metacognitive & thinking
questions

• Student centred
• Cognitive conflict – lots of

problems to solve
• Very little explanation by

teacher – students constructed
knowledge

• Teacher circulating, listening &
questioning – dominant

• Small group & whole class
discussion hearing from a
variety of students

• Students in groups
the whole lesson

• Small group & whole
class – questioning,
listening & discussion

• High frequency of
interactions –
student-‐student;
teacher-‐student

• Many questions –
purpose; types;
distribution

• Confident
• Deep

understanding of
students in the
room

• Positive learning
environment

Nick delivered his chemistry lesson to Year 12 students with a very confident and

organised approach. The lesson content was complex and challenging for students. He

planned the lesson in a non-‐teacher-‐directed manner, with definite learning goals and

strategies in mind that would be of greatest benefit to his students. It was student

centred, with students working in small groups for the duration of the lesson. Each

group was presented with multiple problems to discuss. It was clear that Nick had

expert skills in the TS pedagogy and this lesson demonstrated his ability to successfully

transfer the TS approach to a unique context. Nick spent the majority of his time

circulating amongst each of the groups, asking them questions and listening to their

answers:

I wanted things that were actually challenging, so I chose questions that had a

large degree of openness to them, and that forced them to actually think…..I’d

ask very reflective questions about what they’d done or what they’d come up

with, and whether they agreed or disagreed with other answers and to try to

justify them.

At times he would stop the class and facilitate a class discussion, calling on a number

of groups to share their ideas. His response would be neutral and he encouraged
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students to construct knowledge themselves through the different examples. Nick’s

pedagogy and interactions used in the lesson reflected the five pillars of TS and

coincided with what he said he did in the interviews.

Summary: ‘Nick’

By 2016 Nick was an experienced and confident teacher. He reported that the TS PD

had a major influence on his pedagogy and it was a technique that he had practiced

and could expertly apply to other lessons and contexts. The TS PD came at an

appropriate time in Nick’s career, as it resonated with his beliefs about what teachers

do and why. As well, it was evidence based and results showed a positive effect on

student outcomes. In particular, Nick commented that he enjoyed professional

conversations with his peers about the TS pedagogy. He felt he was confident in

leading other teachers and assisting them to develop their skills through lesson

demonstrations, observations and discussions.

Nick described the TS PD as a ‘galvanising’ moment for him as it consolidated a

number of strategies and acted as a catalyst to go further. He felt he had been able to

build upon the TPD to implement teaching and learning activities that added value to

student outcomes such as developing Science, Technology, Engineering and

Mathematics skills (which TS supports), socio-‐scientific argumentation and higher

order thinking skills in students of all ages.

Participant 2 – ‘Michael’

Background Context: ‘Michael’

Michael was an experienced science teacher. He was educated in the UK and began his

teaching career there. In 1999, after five years of teaching in the UK he changed

schools and became Head of Biology at an all boys Catholic school. Michael’s move

coincided with the implementation of TS and the TPD program at the school. After one

year, Michael was invited to be a TS coach. Michael continued to lead and implement

TS at that school until he emigrated to Australia in 2008. On his arrival in Australia,

Michael connected with some University of Western Australia academics who had

trained in, and were researching, TS. In 2009 he secured the position of Head of

Science at a high ICSEA, academically select independent public government secondary
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school located in Perth. The school began the TS PD at the end of 2009. Michael

participated in and assisted the researchers to facilitate the TS PD. Initially Michael led

the implementation of TS in the school, but eventually two other teachers took over

this role. At the time of data collection (2017) Michael was still at this school as Head

of Science and they had continued to deliver TS in the intervening years.

Summary Table: ‘Michael’

Table 4.3 summarises the dominant themes to emerge from Michael’s interviews

related to each of the 3 specific research questions.

Table 4.3 Findings from Michael

Specific research
questions: What
are science
teachers’
perspectives on
how the TS PD
impacts on:

During TS PD UK (1999-‐
2000) At Data Collection (2017)

1
types of
pedagogy
employed?

• Teacher directed -‐
Traditional (UK)

• Questioning -‐
developed &
broadened

• Self-‐ analytical – about
TS process

• Multiple strategies for deep
understanding by students

• Metacognition for deeper
understanding by students

• Emphasis on questions -‐ huge
variety, purpose & wide
distribution

• Transfer of TS strategies to
other areas & lessons

2
the nature of
interactions
(student-‐student;
teacher-‐teacher;
teacher-‐student)?

• More conscious
awareness as was
reinforced, reminded
& it ‘clicked’

• Social construction
developed & conscious
of importance

• TS amongst staff – important &
a cultivated culture

• Relationships with students –
connecting; knowing each one
& how best to interact;
supportive

• Discussions – frequent, groups,
class

3
teacher
efficacy?

• Uncomfortable
dissidence

• Confident & research focused
(which TS triggered)

• Facilitator with highly
developed awareness

• Focus on students for deep
learning
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Discussion: ‘Michael’

Pedagogy [Specific Research Question 1]

When Michael commenced the TS PD in the UK in 1999, he had recently changed

schools and taken on a leadership position. Michael reflected that he taught in a

traditional, teacher led style and had used dictation, notes on the board and a few

worksheets: “I worked in a very traditional way of teaching, in schools that were very

traditional in their approach”. He reported that the first year of the TS PD was

challenging, as it was an innovation to implement an intervention involving a different

pedagogical approach. Michael sensed that during the second year of the TS PD,

concepts began to consolidate and that included the development of questioning: “I

asked a few more open questions, the key one being ‘so and so said this, what do you

think?, do you agree or not?’…the questioning broadened”. Michael reported that he

was self-‐analytical about the TS approach and other pedagogy he employed. He would

question whether something was working and why: “Initially TS comes as an

interruption because the lessons don’t fit into what you are teaching. I think if you

haven’t listened on the [TS] training, people think it’s about the content and forget it’s

about the reasoning patterns”.

At the time of data collection in 2017, Michael reported that his pedagogical approach

was to usemultiple teaching strategies, for the purpose of probing for deep

understanding by students. Some of the strategies he described included: discussion,

generating curious questions, ‘SOLO taxonomy’, differentiation, choice of activities and

self-‐reflection:

Often what I’m doing, assessment for learning. Where are they at? How can I

help them gain a better understanding? Often the homework is scaffolded.

Different levels which take them further and further. They find them

challenging because I want them to see how far they can go

Michael felt that he had transferred the TS approach to other science lessons and

adopted it as part of his pedagogy: “The students are directing the lesson a bit, they

are actually taking more ownership of their learning, but with me wanting to know

what they understand”.
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In 2017 Michael described questioning as a dominant feature of his pedagogy. For

him, questions were: for a purpose, frequent, for deep understanding, for cognitive

conflict, to promote discussion and widely distributed to many students: “So much of

the questioning I use is to take them deeper. I go surface, deep and conceptual

understanding and that’s how I like to question”. Michael also reported that asking

metacognitive questions was a feature of his questioning technique. In order to probe

for deep understanding by all students, Michael used a large variety of metacognitive

questions as it helped students think and engage in their own learning.

Classroom and Teacher Interactions [Specific Research Question 2]

Michael reflected that his initial exposure to the TS PD (1999-‐2001) reminded him,

built and brought to his consciousness, the benefits of student interaction within

groups: “Yes so often when you hear something that you agree with, it consolidates

your thinking, and you go, of course I’m going to practice and use that more”. Michael

reported that the importance of the pillar social construction in both small groups and

whole class discussion resonated with him. It was about circulating, listening to

conversations, constantly scanning the classroom, making notes, and using the

information for the next part of the lesson:

If you’ve learnt how to set it up well, which is part of the training and part of

becoming experienced in delivering the lessons, then it is less dependent on

who you are and how you connect and more dependent on them

understanding, oh this is an opportunity

At the time of data collection (2017), Michael considered that teacher collegiality was

an important interaction among teachers, especially in his role as Head of Department.

He reflected that TS was part of the school culture as it had been in the school a

number of years, was supported by teachers and was embedded in the learning area

plan:

It [TS] is core, this is what we do, we do TS, and we often put it on the table,

and people in our department go, yeah we do other stuff but TS has evidence

to support it, and so because it has a good track record and there are

champions within the team, you have much more people on board.
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In 2017 Michael commented that having positive relationships with students, knowing

them and how they learn, was fundamental to ensuring students performed at their

optimal level: “Part of my purpose in getting to know them, and having conversations

in the corridor, and the way my memory works is that you can use that information in

building positive relationships with students”. Michael also reflected that he used

discussions and group work with students frequently and valued them: “I use group

work a lot, most of the time my classrooms aren’t quiet classrooms. I want there to be

conversations going on”. He felt that collaboration needed to be authentic and

problems and processes set up properly: “If we were to look at the social construction

ideas of Vygotsky and you believe in those ideas, you understand that there are gaps in

our knowledge and understanding, which can spark from hearing from other people”.

Teacher Efficacy [Specific Research Question 3]

When Michael undertook the initial TS PD in the UK (1999-‐2001) he felt that although

he was an able teacher the TS PD produced an uncomfortable dissidence, which

impacted his sense of efficacy:

It’s uncomfortable to teach in a way that is different from how you started

teaching. It takes time to adjust to that and become confident but as you learn,

you develop how you’re going to teach it and the more you teach those

lessons, you start to develop how your questioning style will go as well.

At the time of data collection (2017), Michael reported that he was a confident

facilitator and had adopted a predominantly student-‐centred approach to teaching.

He felt that his self-‐efficacy gave him the awareness and confidence to select and use

multiple strategies effectively:

for me it’s much more important for them to understand a concept rather than

to get through everything and go tick!....I try and not let curriculum and

assessments drive what we do because you’re not really building knowledge in

that sense.

Michael also reported that TS had made him more research conscious about evidence-‐

based programs, especially as he had been part of the facilitation of the TPD in

Australia. That, along with his own professional reading, had impacted his self-‐efficacy

and prompted him to critically question various TPD opportunities and educational
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programs. It shaped the way he thought about what strategies he used and why: “I

really want to embrace methodology which does make a difference. TS has helped me

become more aware”.

Lesson Observations: ‘Michael’

Table 4.4 Michael – Lesson Observations

Lesson context: Year 12 Human Biology; random genetic drift; founder effect; multiple
activities

SRQ1 pedagogy SRQ2 interactions SRQ3 teacher
efficacy

• Facilitator
• Multiple activities with choice
• Students worked in small groups
• Student centred
• Cognitive conflict: many

problems to solve
• Teacher circulating, listening &

questioning – dominant
• Many open ended,

metacognitive & thinking
questions

• Very little explanation by teacher
– only for clarification

• Students in groups
the whole lesson

• Small group &
whole class -‐
questioning &
listening

• High frequency of
interactions –
student-‐student;
teacher-‐student

• High expectations:
pre-‐reading, notes,
pre-‐test, doing
questions

• Confident
• Deep

understanding
of students in
the room

• Positive
environment

Michael delivered his Human Biology lesson to Year 12 students in a very confident

and well-‐planned manner. Students had previously participated in a pre-‐test on the

topic and their mark from the test was available to them. They were also expected to

have completed pre-‐reading and during class they were asked to note down some

questions they had on the topic. Students worked in small groups and multiple

teaching strategies were used throughout the lesson in order to present the concepts

to students in a variety of ways. These included: explanation by teacher, small group

and whole class discussion, interactive website viewing, answering book questions,

watching videos and practical work. Students often had a choice of activities, whilst

Michael spent significant time circulating, questioning and discussing ideas with

students. The whole class discussions involved questioning multiple students in order

for Michael to check for student understanding:
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There is opportunity for students to question what is being said by one

student and develop an idea……I like the student engagement, the dialogue,

but I also like to see what the students have understood from their pre-‐reading

before we dive in with unpacking some of the misconceptions or areas that

require more clarification, in that way they get used to taking more ownership.

Michael’s pedagogy and interactions used in the lesson reflected the five pillars of TS

and coincided with what he said he did in the interviews.

Summary: ‘Michael’

Michael was an experienced and confident teacher. He described his pedagogy and

interactions as being influenced by the desire for all students to have a deep

understanding and ownership of their learning. He reported that using evidence-‐based

pedagogy and programs had a dominant influence on his teaching style. Although he

acknowledged that TS was not the only influence on him, he believed it was a good

basis for encouraging teachers to think about what is important in developing

pedagogy. Michael felt that he was a facilitator of student learning with a focus on

questioning for a purpose, feedback and metacognition. The use of the TS approach

has since transferred to his regular lessons, as was evident in the lesson observations.

Participant 3 – Mary

Background Context: ‘Mary’

Mary began teaching in 2008 as a mature age graduate. She had transitioned from a

career in scientific industry to education. At the time of data collection in 2016, Mary

taught at an academically select, high ICSEA independent public government high

school located in the Perth metropolitan area. This was the same school where she

started her teaching career and participated in the TS PD from 2009 to 2011. When

she was undertaking the TPD, Mary acquired the role of TS coordinator and lead

teacher in the school. She was allocated a small amount of time for this role, however

this allocation of time was removed in 2016 despite the role being an on-‐going

position for Mary. This change presented challenges as the school still delivered TS to

Year 7 and 8 students, but resourcing to up-‐skill new staff in the pedagogy was an

ongoing issue.
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Summary Table: ‘Mary’

Table 4.5 summarises the dominant themes to emerge from Mary’s interviews related

to each of the 3 specific research questions.

Table 4.5 Findings from Mary

Discussion: ‘Mary’

Pedagogy [Specific Research Question 1]

When Mary commenced the TS PD (2009) she was in her second year of teaching.

Mary reported that her inexperience meant she was rapidly developing in all areas of

her practice. She felt the TS PD helped develop her confidence in many ways, for

example: “not holding the reigns as tightly with the students is a lot better”. Mary

Specific research
questions: What
are science
teachers’
perspectives on
how the TS PD
impacts on:

During TS PD (2009-‐11) At Data Collection (2016)

1
types of pedagogy
employed?

• Developed confidence in
new strategies & using
them

• Influenced by own self PD
by reading about
evidence based practices

• Part of a smorgasbord of
strategies

• Developed questioning

• Constructivist pedagogy
• Transfer of TS strategies to

other areas and lessons
• Emphasis on questions

especially for a purpose
• Metacognition for deeper

understanding & learning
• Guided discovery

2
the nature of
interactions
(student-‐student;
teacher-‐teacher;
teacher-‐student)?

• More conscious
awareness

• High collegiality as were
on a journey together

• Emphasis on group work &
importance of discussions

• Relationships –a deep
understanding how
students learn & knowing
them individually

• Some collegiality but a
tension (workload
pressures)

3
teacher
efficacy?

• Positive experimentation
as a graduate

• Reflective – observing
others, conversations,
dissidence

• Confident
• Facilitator of learning with

highly developed
awareness
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asserted that she pursued her own PD through extensive reading about educational

research, motivation and leadership. This meant she had a smorgasbord of strategies

and philosophies to select from during this development phase: “It’s hard to tease out

what would be one influence”. She felt that TS was definitely an influential pedagogy:

“Having the belief that it [TS] is researched, that had a big influence on me going ‘OK’,

this has evidence, this was a strong driver for me deciding to take it on board, despite

the challenges”.

During the TS PD Mary reported that her questioning strategies developed and

changed:

That idea of not giving them answers, keeping on delving and asking questions.

I’ve learnt about it, try it and you’re not brave enough to use wait time

properly. You get a bit shy of the silence in the room. But that’s the way TS

operates, you have to get a bit brave and use wait time.

At the time of data collection in 2016Mary described how she had adopted a

constructivist pedagogy in her teaching practice. She identified her role as a facilitator,

designed to engage students in their learning, by using small groups and prompting the

class to solve problems for themselves. Mary felt she had transferred the TS pedagogy

to her regular science lessons through: questioning students in multiple ways, assisting

them to construct knowledge and to look for patterns. She reported that a

predominant part of her pedagogy was the use of questioning: “I asked them lots of

questions all the time. I do that a lot. Other than getting them started I’m not trying to

be too directive”.

In 2016 Mary reported she used an array of questions to guide inquiry with students

and this had included askingmetacognitive questions. She felt she encouraged

students to construct knowledge themselves: “kids are familiar with me wandering up

and going ‘what have you found out?’”. Mary maintained that their answers helped

her determine the next question that was asked and during discussions she reflected

that she had kept her opinion open and neutral: “That idea in TS, you don’t have a

view as a teacher, you draw out ideas, but you’re not going ‘oh yes that’s correct’”.
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Classroom and Teacher Interactions [Specific Research Question 2]

During the TS PD (2009-‐2011)Mary reported that she had developed a more

conscious awareness of teacher-‐student and student-‐student interactions. This had

been about what she believed worked in regards to classroom interactions and what

research showed was effective: “One of the sessions was about setting up groups. Kids

don’t know how it works unless we teach them to do these things, they still won’t

know how it works, they’ll fumble around”. She believed she had developed the

confidence to let students express their ideas freely and to redirect the discussion with

another question, without it being a complex process. Mary also stated she had

developed an awareness and self-‐assurance in posing a question and resisting giving

the answer: “That was new and unknown, how far you’d let that go….to have the

confidence to use wait time, to let them have a 30 second chat to their friends about

something”. Mary experienced high collegiality during the TS PD as her fellow science

teachers did the TS PD as a team; they were on a journey together and felt supported

by the senior administration.

During 2016Mary described how she was highly aware of the importance of group

work and discussions: the need to teach students about groups, the value of working

in groups and the complex dynamics involved. She stated that groups were used

frequently in her lessons: “So we often do that really quick on and off, them chat,

group stuff, then big classroom chat. They are used to that way of working”. Mary

reported she would prompt students to think metacognitively about the processes

involved with group work, for example, through the use of self-‐reflection sentence

starters: “I used to think working collaborative was _____and now I think it is ____”.

She felt she had a deep understanding about forming relationships with students: the

importance of knowing students, working out where they are ‘at’ in terms of their

understanding and learning, and differentiating activities to move them forward: “I

talk a lot with them about getting the ideas out of their head. In TS it’s social

construction, you know you’ve got it up here, but to try and get it out of your mouth is

difficult”. In 2016 collegiality was important to Mary and she maintained it was not

good to be isolated, however there was tension due to time constraints undermining

her ability to work more with colleagues. They would often informally share ideas and

resources with one another and there was some collegiality with course planning.
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Teacher Efficacy [Specific Research Question 3]

During the TS PD (2009-‐2011)Mary was a beginning teacher. She knew that TS was

evidence-‐based and that gave her the confidence to engage with it. She stated that she

embraced TS with positive experimentation: “I was ‘let’s give it a go’, this has got

evidence. Sure there is evidence for teaching in general, however TS was shown to be

better than just teaching”. As a new teacher, Mary reported that she was quite

reflective, would listen to conversations amongst her peers, observe and form

opinions. At one moment there was a point of dissidence: “Should we be teaching

them versus just keep asking questions and get students to think about it”.

In 2016Mary asserted that she had confidence in her teaching, as she knew her

subject content and had multiple strategies to draw upon in order to differentiate

lessons. She stated that she drew upon research and best practice to inform her of

effective teaching/learning strategies, and this awareness contributed to her self-‐

efficacy. Mary viewed herself as a facilitator who was able to apply research about:

differentiation, engagement, feedback, and questioning to inform her practice.

Lesson Observations: ‘Mary’

Table 4.6 Mary – Lesson Observations
Lesson context: Year 7 science; levers; practical & discussion

SRQ1 pedagogy SRQ2 interactions SRQ3 teacher
efficacy

• Collaborative groups
• Student inquiry – working on an

activity to discover an
answer/constructivist

• Teacher as a facilitator
• Teacher circulating and listening

to groups
• Teacher not giving/explaining

answers
• High frequency -‐ small group and

whole class open questioning,
listening and discussion

• Multiple engaging activities –
student choice & differentiation

• Probing questions to keep
learning moving along in small
groups

• Metacognitive questions

• Friendly & positive
• Frequent “What did

you find out?”
• Students in small

groups whole
lesson

• High frequency -‐
teacher talking with
small group

• High frequency of
interactions -‐
teacher and whole
class

• High frequency of
quality, deep
interactions

• Knows students
very well

• Confident,
knows content
material

• Great rapport
with students

• Knows how to
best teach
content:
materials,
sequence,
activities

• Expert
questioner and
use of both
think & wait
time.
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Mary taught her science lesson to Year 7 students in a very confident manner. It was

evident she knew the students very well. In her own words, she described the lesson

as being a bit: “loosey goosey” and she would not have been confident as a beginning

teacher to run a lesson in that manner, whereas now: “part of that is just me knowing

what the kids are likely to do with all this stuff”. Students worked in collaborative

groups the entire lesson. Mary spent the majority of time circulating amongst the

groups, asking them questions, listening, asking further questions and then moving on

to the next group. That pattern was repeated. At various times she stopped the class

for a discussion, posed a question, gave group think time, and then listened to a few

group answers. Mary would then say ‘thank you’ and was neutral in her opinion.

Students were actively engaged and challenged in their learning, which was facilitated

by Mary. The lesson was an example of constructivism in action, as students

constructed their knowledge from various activities provided by the teacher. Mary’s

pedagogy and interactions used in the lesson reflected the five pillars of TS and

coincided with the descriptions she gave in the interviews.

Summary: ‘Mary’

Mary was a confident experienced teacher and she viewed herself as a facilitator of

student learning. Constructivism drove her pedagogical approach, and from the

interviews and lesson observation the strategies she selected reflected this. She

reported that questioning was a big part of her pedagogy: for a purpose,

metacognition, for challenge and to move students forward. Questioning was used

with both small groups and whole class discussions in order to facilitate student

thinking and talking. This was reflected in the science lesson that Mary delivered as

part of data collection.

Mary expressed that evidence-‐based approaches were a dominant influence that

guided her pedagogy and interactions. She reflected that the TS PD came at a time

when she was an early career teacher, and the evidence supporting it gave her the

confidence to persist with the strategies, even though they were challenging. She had

made a conscious decision to make TS ‘work’ and the research base had a powerful

effect on her, along with the support of like-‐minded colleagues. The use of the TS
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approach had since transferred to her regular lessons, as was evident in the lesson

observation.

Participant 4 – ‘Alan’

Background Context: ‘Alan’

At the time of data collection in 2016 Alan had been a practicing teacher for 16 years.

He taught in a slightly above the mean ICSEA independent school located in the outer

suburbs of Perth. He moved to this school in 2004 and had been the Head of

Department Science since 2008. The school commenced the TS PD at the end of 2009

with the support of senior administration, and in 2016 still delivered TS, although most

of the training for new staff came from his leadership and resources. Alan had not

actively taught TS since 2012, which was due to a school administration decision to

have him teach senior school (Years 10-‐12).

Summary Table: ‘Alan’

Table 4.7, which follows, summarises the dominant themes to emerge from Alan’s

interviews related to each of the three specific research questions.
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Table 4.7 Findings from Alan.

Discussion: ‘Alan’

Pedagogy [Specific Research Question 1]

Alan reported that prior to doing the TS PD he used amore teacher centred approach

with the kinds of activities he did with students: “I don’t think I was nearly effective as

a questioner as I am now; I would have asked more low level questions, with less wait

time….I wouldn’t have done as much formative assessment. I did a lot of

demonstrations”. He noted that during the TS PD (2009-‐2011), his pedagogy began to

change to the teacher as a questioner. Alan felt his questioning pedagogy had

developed: not giving the answer straight away, re-‐framing questions, asking students

a question back, and challenging students to experience cognitive conflict.

Specific research
questions: What
are science
teachers’
perspectives on
how the TS PD
impacts on:

During TS PD (2009-‐11) At Data Collection (2016)

1
types of
pedagogy
employed?

• Mainly teacher
centred

• Teacher as a
questioner

• Questioning –
importance

• Shift occurred from
teacher talk to
student talk

• Active strategies -‐ multiple
• Focus on discussion
• Tension due to leadership

responsibilities
• Transfer TS pedagogy to other

groups
• Range of questions for a

purpose and wide distribution

2
the nature of
interactions
(student-‐
student;
teacher-‐teacher;
teacher-‐
student)?

• Reminder,
consolidated best
practice (five pillars)

• Tension for
collegiality due to
workload

• Importance of and
leading discussions
developed -‐
questioning

• Collegiality important and
emphasised

• About relationships with
students – deliberate,
conscious, richer, dynamic

• Groups & discussion important
-‐ questioning

3
teacher
efficacy?

• Increased awareness
of self

• Importance of
questioning

• Confident
• Facilitator with highly

developed awareness & a
questioner
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Alan described that during the TS PD the importance of questioning developed. The TS

PD: “affirmed the importance of the types of questions you ask and that journey has

continued unto today”. He felt there was a shift from less ‘teacher talk’ to more

‘student talk’ in his classroom:

I think the TS PD requires the teacher to be a questioner, a facilitator, a

prompter to really encourage cognitive conflict, to get them in that zone of

discomfort, and to make that the kids normal experience, to engage students at

a higher level, the social construction is really important too.

Alan described his 2016 pedagogical approach as using active strategies with students

to ensure they were: thinking, engaged, involved and deliberately working in groups.

These strategies were used as a mechanism to obtain formative feedback and promote

discussion. Alan reported classroom discussions were also an important part of his

pedagogy: “I like to listen to their responses and get an understanding of where

they’re at. We need to get the feedback, to effectively measure where they’re at”. He

asserted that his pedagogy was very much influenced by educational research and he

endeavoured to implement research findings in his teaching:

The fact of the matter is the TS PD, the five pillars, are very much reinforced by

educational research that I’ve read, so I would not say the TS PD alone

[influences his pedagogy], it’s good principles of learning..….Adey had

published it [research] earlier and then everything else came after, particularly

Hattie’s research which has just reinforced it.

Alan also recognised that there were always ways to do things better, and this caused

some tension as he felt that he did the best within the constraints that he had,

especially with his leadership responsibilities.

In 2016 Alan viewed himself as a complex questioner because he: asked a range of

levels of questions, asked questions for a purpose, questions were distributed around

the room, students thought about questions in pairs/groups, and he used

‘piggybacking’ questioning around the class: “I’ve got to adapt strategies and

approaches to do that [engage students in learning], recognising that we are social, we

like to learn through discussions, through sometimes just listening to others”. Alan also
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asserted that he had taken the TS questioning and other pedagogical approaches, and

transferred the use of them into his other classes, given that he had not delivered TS

lessons since 2012.

Classroom and Teacher Interactions [Specific Research Question 2]

The TS PD in 2009-‐11 was beneficial for Alan in terms of his interactions with students.

He reported that the TS PD confirmed he was employing social construction methods

in the classroom as well as being a reminder of what best practice was. It also gave him

the sense of being more deliberate about transitions as was emphasised through the

five pillars of cognitive acceleration. Alan also recalled his discussion and questioning

skills when interacting developed during this time: “The interactions were similar in

terms of their frequency however the questioning developed. I think the interactions

have become a bit richer, shall we say deliberate in terms of what I’m tyring to get out

of them”. Alan believed that when he and his science staff participated in the TS PD

they were collegial at the formal TPD days, however they found it difficult to maintain

this in their normal school context and this was a tension: “When you go back to the

hurly burly of school and you’ve got different classes to teach, it was very difficult to

set aside the time”.

When asked about his teaching practice in 2016, Alan described that he was very

deliberate about his interactions in order to activate learning and that teaching was

very much about forming and maintaining relationships with students. This had

included the use of pair/group work for discussions, as part of his repertoire of

strategies: “I tend to favour the pair, pose a question, reason, discuss, whereas beyond

two things unravel a bit, and class time isn’t as efficient”. Alan reported that one of the

non-‐negotiable factors in his science department was that they planned units of work

collaboratively, so that teachers talked about teaching and could draw upon each

other’s strengths: “Teachers need time to sit and talk. Some teams meet before, after

or during the day. They’re all happening”. Alan also believed he valued questioning as

an important part of the cognitive challenge of the learning process: “I’ll get them to

go to their colleague and share ideas [about a question]. I guess it’s about keeping

them on edge so that they’re challenged”.
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Alan’s response to the TS approach was overwhelmingly positive. However, he was

aware that there was a mismatch between the TS PD pedagogical practice and what he

was able to effectively implement in the classroom, due to him having taught

predominantly university entrance level subjects (ATAR): “I have to get through the 33

week curriculum in 28 weeks because of the decision to start Year 12 in term 4……So

social construction as a priority falls down a bit from middle school to ATAR”. He

reflected that there still was social construction but it was pared back because of time

pressures in senior secondary school.

Teacher Efficacy [Specific Research Question 3]

When Alan commenced the TS PD in 2009 he was a teacher with 8 years’ experience.

He felt he had a positive feeling of self-‐efficacy and that the TS PD enabled him to

develop more of an awareness of what he was doing:

It made me more deliberate, about the questions I asked, refusing to give

answers to kids, that was a deliberate change and really getting them to rack

their brains, it also made me aware of the importance of cognitive conflict”.

In 2016 Alan viewed himself as a confident teacher and a facilitator, due to his years

of experience as a teacher with a reflective and collaborative approach. He also

identified that as a teacher he was not afraid to be more of a questioner, which added

to his sense of self-‐efficacy: “One of the real benefits of the TS PD is that it challenges

teachers to become questioners of students rather than answerers”. Alan also

reflected that this fell away in Year 11/12 when there was more focus on the content.

Lesson observations: ‘Alan’

Table 4.8 Alan -‐ Lesson Observations

Lesson context: Year 11 chemistry; new work – standard solutions; prac. & discussion

SRQ1 pedagogy SRQ2 interactions SRQ3 teacher
efficacy

• Group discussion – small & whole class
• Predominantly teacher directed
• Questions – mainly lower level, not a

lot of probing for deep understanding,
mainly closed

• Lots of explaining
• Little think time
• Multiple strategies

• Friendly & positive
• Groups & whole

class discussion
• Practical group

work
• Limited small

group discussion
time

• Confident
• Friendly
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Alan delivered his chemistry lesson with confidence and clarity. It was evident there

was a positive classroom environment and students were engaged. The lesson

consisted of multiple activities that included: group practical work, individual work,

explanation by the teacher, some small group questioning and whole class discussion.

Students were being introduced to a new topic so Alan decided to approach this in a

predominantly teacher directed way: “It was quite teacher directed, I think most

lessons are, the teacher causes learning”. As noted by Alan previously, with senior

school students there was the pressure to get through the curriculum, and there was

less emphasis on elements of pedagogy such as social construction. This was observed

in Alan’s lesson. Although some social construction was evident -‐ small group

questioning and whole class discussion -‐ it was often in a very short phase and there

was no probing for deep understanding by all students. Alan reflected that there was

not a lot of metacognition in the lesson. From my observations there seemed to be a

mismatch between the extent to which Alan perceived he used the TS pedagogy in a

classroom and how this was actually carried out in a lesson. He focused on explaining

concepts, but there was limited questioning to determine whether all students

understood the information.

Summary: ‘Alan’

Alan was an experienced, confident and reflective teacher in a leadership position.

When asked about the TS PD program he reflected that he felt overwhelmingly

positive about it, particularly for early career teachers as it gave them a structure to

draw upon. He reported that the TS PD program was a challenge for teachers and it

was a good way to get them out of their comfort zone in order to grow. For him it

came at the right time as it reinforced the need to use an evidence-‐based good

practices program and it helped him to consolidate what he was doing.

Alan considered that he had highly developed questioning skills in terms of: levels of

questions, distribution of questions, reframing and piggybacking. Also related to

questioning was an emphasis on deliberate interactions for a purpose, classroom

discussions and a richer, deeper understanding about what he tried to draw from

students. Due to the nature of subjects he taught (Year 11/12 ATAR), Alan asserted

that although he used all these skills, there was some mismatch between what he felt
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he did and how this was enacted in the classroom during the lesson observation. Alan

reported that the intensive delivery of the course content in senior school years

required him to choose more direct methods to deliver the curriculum efficiently.

Participant 5 – Andrea

Background Context: ‘Andrea’

Andrea grew up in Europe and was educated there, but gained her teaching

qualification in Western Australia after transitioning careers. When Andrea

participated in the TS PD (2009-‐2011) she was a mature age graduate teacher at a

Catholic school with a high ICSEA and located in the Perth metropolitan area. Her first

six years of teaching were in her initial teaching location, a TS school. By 2016, Andrea

was a science teacher in an academically focused (high ICSEA) independent school in

metropolitan Perth, teaching chemistry and general science, having moved schools in

2015. This new school did not engage in TS.



67

Summary Table: ‘Andrea’

Table 4.9 summarises the dominant themes to emerge from Andrea’s interviews

related to each of the 3 specific research questions.

Table 4.9 Findings from Andrea

Specific research
questions: What
are science
teachers’
perspectives on
how the TS PD
impacts on:

During TS PD (2009-‐11) At Data Collection (2016)

1
types of pedagogy
employed?

• Tension: teaching
thinking skills versus
teacher directed
strategies

• Developing
questioning
techniques

• Emphasis on teacher directed
over thinking skills

• Open ended questions
• Tension -‐ constrained by time

pressures

2
the nature of
interactions
(student-‐student;
teacher-‐teacher;
teacher-‐student)?

• Used group work
• Positive class

environment but
teacher directed

• High collegiality

• Mainly teacher directed
• Pair work – little
• Tension -‐ constrained by time

pressures
• Collegiality important
• Clear

communication/expectations
to build relationships with
students

3
teacher
efficacy?

• Graduate – learning &
developing

• Realising the
importance of
metacognitive
questioning

• Confident
• Tension -‐ workload pressures

Discussion: ‘Andrea’

Pedagogy [Specific Research Question 1]

When Andrea commenced the TS PD in 2009 she was a graduate teacher and reported

that she taught in a traditional didactic way; it was about delivering the content.

Around one year into the PD (end 2010) Andrea asserted she experienced a paradigm

shift that was very liberating, concluding that TS was concerned with teaching students

thinking skills rather than the science content. However, Andrea noted that she felt
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very constrained in being able to use the TS pedagogy more extensively beyond the set

lessons, due to curriculum time pressures, and so there was a tension between

pedagogical styles:

You are under time constraints to get the curriculum covered. That’s one of the

biggest criticisms I have of the TS program, with the national curriculum now,

there is so much content that if you commit to TS, that’s 15 lessons per year.

Andrea emphasised that during the TS PD phase she liked the questioning strategies

that the TS PD introduced and experimented with questioning in a positive way. She

recalled that she would ask open-‐ended questions and not give answers to students

and so her questioning developed: “They really had to think about the topic and I liked

that”.

In 2016, Andrea reflected that her pedagogical approach was to treat students as

inquirers using a variety of thinking strategies including ‘predict-‐observe-‐explain’ as

she elaborated: “I let them do something and then, come up with some idea ‘why did

that happen?’ and then you do the theory”. She did however feel constrained:

You could do more in a lesson to encourage that critical thinking and it’s

fantastic, if I had 3 lessons to cover, which I don’t….….the pressure to cover the

curriculum is there. It’s not going to go away, and if whatever thinking science

program you offer to teachers, if they do not take consideration of our

situation, you’re just going to find that it’s not going to be adopted.

In order to overcome the curriculum time constraints, Andrea reported using more

teacher-‐centred and didactic approaches.

At the time of data collection in 2016 Andrea reported the use of open-‐ended

questioning techniques to pairs of students, with measured ‘think’ time. She asserted

that she listened and circulated and did not give answers. Andrea said she worked to

integrate critical thinking and tried to build confidence in students to answer

questions. In contrast to this, due to feeling constrained by time pressures Andrea also

commented:

We don’t have time anymore for a full discussion. I would say to the class has

anyone come up with the answer? [student responds] I would write the
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suggestion on the board and do some examples. You would not get in any

further discussion on that……The metacognition is something we often don’t

take the time for, because we don’t really have it, that’s a shame because I

think that is really good.

Classroom and Teacher Interactions [Specific Research Question 2]

During the TS PD (2009-‐2011) Andrea reported that she was encouraged to use group

work to allow students to discuss questions together. She felt that being an

inexperienced teacher she struggled with using group work, as there were many

limiting factors like student behaviour and learning difficulties of some students.

During the TS PD Andrea experienced a collegial atmosphere amongst her fellow

science teachers at her school. The Head of Department was seen to be very

enthusiastic and supportive. They talked about the lessons and there were structures

in place to enable working together. In regards to interactions with students, Andrea

felt that she developed the classroom learning environment by ensuring a positive

work place, having very clear expectations and communication. As a new teacher she

knew that she didn’t have full understanding about students who “didn’t get it” and

she therefore was aware of a tendency to be quite teacher directed, keeping her

“thumbs on them”.

In 2016 Andrea reported that she used pair work quite often: “I love the idea of having

somebody speak for the pair”. She noted that the choice to use it, however, still

depended on the behaviour of the students: “I think group work is really fantastic,

especially if the kids are engaged with something and you’ve got enough time to cover

what you need to cover by giving them that time”. Andrea noted that collegiality with

fellow staff was still high on the agenda at her 2016 school and important to Andrea

personally. She reported sharing resources with colleagues and talking to her Head of

Department about Year 12 chemistry to share ideas. As a more experienced teacher,

Andrea believed she had an awareness of students and how they learn, and this was

reflected in the way she built relationships with students. She did this by boosting

their confidence through encouragement, helping them feel dignified, being interested

in their opinions, having high expectations and, having an awareness of ‘knowing’ the

students. Andrea believed that she mainly used strategies that enabled students to
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think, the students in the school were able to work very well independently. She

observed that she had stepped back to let the students come up with answers

themselves:

If you explain it well and you check in with the kids where you know they are

going to have problems you say “I’m here come and see me”…..In science there

is a lot of explaining going on, so I wish I had more time to set tasks and walk

around. It is one of my goals, it depends on the lesson.

Teacher Efficacy [Specific Research Question 3]

During the TS PD (2009-‐2011) Andrea reflected that she was a graduate teacher and

her skills were developing rapidly.While the TS PD was one experience she was

engaged in, there were many other new experiences occurring simultaneously. She

noted that, at the time of the TS PD, the use ofmetacognitive questions resonated

with her: “I felt it was something that was very helpful in asking the right questions to

get to the bottom of where the kids are stuck and how they are thinking and what

inhibits their progress.”

In 2016 Andrea reported feeling confident as a teacher. She said she understood

students and how they learn, where they “got stuck”, their misconceptions about

science and how to deal with helping them to overcome these. Andrea felt she did not

have this understanding as a beginning teacher. However, she stated: “What I

probably find most difficult about the job is the workload, the immensity of the work

really,” and she felt that the workload pressure impacted her self-‐efficacy as a teacher.

Several of the points Andrea made in interviews were evident in the lesson

observations, but as the next section demonstrates, there were also points of contrast

between her reflection and her practice.
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Lesson Observations: ‘Andrea’

Table 4.10 Andrea -‐ Lesson observations

Lesson context: Year 9 science; physical science; energy – electricity; ammeters &
voltmeters

SRQ1 pedagogy SRQ2 interactions SRQ3 teacher
efficacy

• Many closed questions
• Limited class discussion
• Practical in groups –

teacher circulated around
room

• Very little checking for
understanding

• Mainly individual work
• Worksheet -‐ mainly

closed questions
• Teacher directed

• Positive classroom
environment

• Knows the students
• Circulated during practical,

asking questions
• Mainly surface learning

interactions
• Little pair/group discussion
• Checked homework –

teacher circulated around
room

• Confident
• Organised
• Well thought

out activities

Andrea delivered her lesson with a confident approach. It was evident she was under

pressure to cover the curriculum, as there was a large amount of content and many

activities to get through during the lesson. Activities moved from one to the next quite

quickly, with little discussion. Students were reasonably independent and able to

proceed with tasks and the practical without much teacher assistance. As noted by

Andrea, students at the school were relatively independent learners. Despite Andrea’s

observation that she used a lot of open questions, there were many closed questions

asked. These questions were not directed to the whole class for them to think about,

but to individual students. There was very little extended whole class discussion to

examine thinking and understanding of a concept. It was evident that Andrea felt the

necessity to keep moving through the activities rather than check for understanding by

all students. As she stated previously, she felt the pressure to deliver the crowded

curriculum.

Summary: ‘Andrea’

Andrea’s overall response to the TS approach was positive. However, she was aware

that there was a mismatch between TS PD pedagogy and what she was able to

effectively implement in the classroom, and this tension was apparent in many of her

responses to questions about her classroom practice, and in her teaching during the



72

lesson observations. Andrea considered herself to be a confident experienced teacher.

She felt pressure to get through the national curriculum content with her classes and

this was a major cause of tension in her job. Andrea maintained that she used a variety

of teaching strategies, but her pedagogical style was mainly teacher directed with

some inquiry and questioning when time allowed.

Andrea reported that the TS PD program had a positive impact on her professional

growth, but it did not change it dramatically. She felt it was one influence among

many. This was evident from the lesson observation, which was confidently delivered

with a variety of activities, yet they were teacher directed with little discussion. Andrea

reported that the TS PD helped her become aware of sequencing lessons, due to

student cognitive development readiness and the effective use of cognitive conflict

(challenge). Although there were aspects of the TS PD that bothered Andrea, including

the order of the TS lessons, she identified some lasting impacts from the TPD, including

using cognitive conflict to challenge students and push them into their ‘zone of

proximal development’.

Although Andrea saw the benefits of group work for students, she felt that it only

worked with certain year groups and if the students were well behaved. Hence she did

not use it regularly in her classrooms. She also asserted that the tension caused by

having to cover the content meant time to develop critical thinking was often not

available. This was a common theme throughout Andrea’s interviews and lesson

observation. She reported that if there were fewer pressures, which included covering

a large amount of curriculum and workload pressures, she would use more of the TS

strategies as part of her pedagogy.

CONCLUSION

This chapter has presented the findings from two interviews and one classroom

observation with each of the five participants involved in this research, around the

central research question:

What are science teachers’ perspectives on the impact of the Thinking Science

Professional Development (TS PD) program on their professional growth?
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Findings were reported for each participant according to the dominant themes in their

responses about the three specific research questions, which focus on pedagogy,

classroom and teacher interactions, and teacher efficacy.

The next (final) chapter contains comparisons and contrasts of the dominant themes

for the five participants that emerged for each specific research question. It also links

the findings to the current literature. The thesis concludes with recommendations

from this research for TPD and growth, and student thinking skills, as well as the

potential areas for further research that have emerged.
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CHAPTER 5

DISCUSSION AND IMPLICATIONS FOR THE FUTURE

INTRODUCTION

This chapter discusses the findings from each of the specific research questions in

relation to the literature. Together, the responses to the three specific research

questions address the central research question:

What are science teachers’ perspectives on the impact of the Thinking Science

Professional Development (TS PD) program on their professional growth?

Firstly, a continuum will be presented and discussed, representing the extent to which

different participants engaged with the Thinking Science (TS) pedagogy, four to six

years after they had completed the TS PD program. Secondly, there will be

comparisons and contrasts of the dominant themes arising from participant data, for

each of the three specific research questions, which focus on pedagogy, classroom and

teacher interactions, and teacher efficacy, respectively. The analysis will focus on the

changes that occurred between the TS PD in 2009-‐12 and classroom practices four to

six years later. These emergent themes will be linked to the literature. Thirdly,

recommendations from this research in regards to TS in particular and TPD in general

will be examined. Fourthly, potential areas for further research that have emerged

from this study are described. A final conclusion will draw the thesis to an end.

EXTENT TO WHICH PARTICIPANTS ENGAGED WITH THE TS PD IN THEIR CLASSROOMS

Figure 5.1 which follows, is a continuum that describes the extent to which each

participant was continuing to explicitly employ TS principles four to six years after they

had completed the TS PD program. It is based on participants’ responses to the two

semi-‐structured interviews and observations of their science lessons by the researcher.
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Figure 5.1: Extent to which each participant has engaged with the TS pedagogy four to

six years after the TS PD program.

This qualitative study collected and analysed teachers’ perspectives on the TS PD

program four to six years after they had undertaken the PD. Implementing successful

and lasting TPD is a complex concept, as there are many variables involved, including

the element that teachers are all different (Opfer & Pedder, 2011). The educational

literature points to what has a positive effect in TPD and what is more likely to inhibit

successful implementation (Darling-‐Hammond & Richardson, 2009; Guskey, 2009;

Opfer & Pedder, 2011). Variables may include length of formal TPD, time to practice,

amount of collegiality, resourcing, senior leadership support and spaced TPD. There

are many factors involved in implementing TPD and these differ from one school

context to another. Ensuring all the elements involved in effective TPD align is an

ongoing challenge (Guskey, 1994; Opfer & Pedder, 2011). In her PhD thesis, Lecky

(2012) reported on the variability of impact of the TS PD directly after the TPD, based

on a number of studies. In the study reported here participant teachers were at

different stages in their career, teaching in different school contexts, had different

roles within their schools and one had done initial CASE training in the UK and had

assisted in facilitation of the TS PD in WA. Despite the variability of impact of TPD

programs, this does not mean that patterns and generalised understandings of teacher

learning are not possible (Opfer & Pedder, 2011). Further Opfer and Pedder (2011)

purport that good teachers affect student learning by distinguishing between what is
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unique to a specific context and what is generalizable to other contexts and groups of

students. The same can be said for TPD and learning.

Despite variability in participants’ ongoing engagement with TS principles between the

end of the PD (2011/12) and data collection (2016/17), important themes emerged

across the group in relation to the three specific research questions, which will be

highlighted and discussed in relation to the literature in the next section.

RESEARCH QUESTION 1 – PEDAGOGIES EMPLOYED

The first specific research question addressed the pedagogies teacher participants

employed. These were during the TS PD (2009-‐12) and when data collection took place

(2016/17). The Encyclopaedia of Science Education (Loughran, 2014) refers to

pedagogy as the knowledge and practice of teaching and learning about teaching.

Participants were asked about the teaching strategies they employed, why they

selected them and about the types of questioning they utilised and why. Questions

were answered in relation to two distinct points in time to track changes over time.

The teaching of thinking skills to students was a dominant theme that emerged when

participants engaged in the TS PD program (2009-‐12). During this time participants

gained confidence and learnt new pedagogical skills, with which they could

experiment. At the time of data collection (2016/17), the majority of participants

identified using multiple thinking strategies such as inquiry skills, questioning, the use

of wait time, explanation, group work, problem solving and cooperative learning (as

also reported by Goodrum and Druhan (2012) and McGuiness (1999). Participants also

reported selecting pedagogy for a purpose, which included active strategies

(Leadbeater, 2008), a focus on discussion (Chin, 2007; Kawalkar & Vijapurkar, 2013)

and promoting deep learning by students. Hattie et al. (2016) explains that deep

learning provides students with opportunities to consolidate their understanding of

concepts and make deeper connections among ideas, and it is often accomplished

when students work collaboratively with their peers. According to Loucks-‐Horsley et al.

(2009) when teachers value and embrace a particular TPD program it can have lasting

impact on their pedagogy. The teaching of critical and creative thinking skills (Luna

Scott, 2015) is embedded in the Australian Curriculum (AC) (Australian Curriculum,
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Assessment and Reporting Authority, 2017), however how to teach them is not clearly

described (Oliver & Venville, 2012). The majority of teachers in this study identified the

TS PD program as a way to develop their confidence in teaching these skills, and they

reported that these techniques have been maintained and become part of their

pedagogy.

A second theme relating to pedagogy that materialised when participants engaged in

the TS PD program was the development of questioning skills. The TPD helped

teachers consolidate characteristics of good questioning and also broadened their

knowledge and skills. The importance of questioning was developed along with the

understanding of the need, purpose and process of asking metacognitive questions. At

the time of data collection the majority of participants described questioning as being

an important part of their pedagogy. Their questions were asked for a purpose,

different types of questions were posed, open questions were used frequently,

distribution of questions occurred to a wide range of students and metacognitive

questions were asked to promote deep learning (see also Adey et al., 2004; Hattie et

al., 2016; Luna Scott, 2015). Good questioning skills have always been considered an

important and powerful tool for teachers to master, as there are many types of

questions for various purposes (Chin, 2007; Smart & Marshall, 2013). Metacognitive

questions are often not well practiced or utilised in classrooms, and teachers lack

confidence in their use and potential outcomes (Chin, 2007; Hattie et al., 2016; Smart

& Marshall, 2013). Metacognitive questions can be used to promote deep learning

(Hattie et al., 2016). Research has shown that when teachers ask more metacognitive

or socratic questions it can promote greater student participation, discussion and

response, and help students become deeper thinkers (Adey et al., 2004; Chin, 2007;

Hattie et al., 2016; Kawalkar & Vijapurkar, 2013). Whilst some participants identified

that the TS PD program was not the only TPD that helped them develop their

questioning skills, it was a significant contributing factor, and questioning pedagogy

had become an important part of their practice.

A third theme relating to pedagogy that became evident at the time of data collection,

was that the majority of participants reported they had transferred more broadly the

use of the TS pedagogy to other classes. During the TS PD program participants
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engaged in developing their skills in the ‘five fundamental pillars’ of the TS program

(Dullard & Oliver, 2012) and they practiced them during lesson delivery. By the end of

the two-‐year TS PD program, some participants reported they had begun to transfer

elements of the pedagogy to other regular science lessons and year groups. This

included asking many varied questions, asking metacognitive questions, and

intentionally using group collaboration and class discussion. At the time of data

collection the majority of participants described the TS pedagogy as being a significant

part of their pedagogy as it had transferred (Lecky, 2012; Loucks-‐Horsley et al., 2009;

Luna Scott, 2015) more broadly. They felt confident in its use and saw the value it had

for their teaching and in helping students to become more accomplished learners, and

not only in science. Hattie et al. (2016) describes transfer as both a goal of learning and

also a mechanism for propelling learning. As a goal, transfer means that teachers want

students to take responsibility for their learning, think metacognitively and apply their

knowledge. Further, Hattie et al. (2016) purported that when students reach this level,

learning has been accomplished. When teachers adopt an inquiry-‐based approach,

with an emphasis on questioning and discussion, deep transfer of learning can occur

(Adey et al., 2004; Chin, 2007; Hattie et al., 2016; Kawalkar & Vijapurkar, 2013; Smart

& Marshall, 2013).

RESEARCH QUESTION 2 – CLASSROOM AND TEACHER INTERACTIONS

Under the umbrella of the second specific research question, participants were asked

about the kinds of classroom and teacher interactions they employed including

student-‐student (s-‐s), teacher-‐student (t-‐s) and teacher-‐teacher (t-‐t). These were

during the TS PD (2009-‐12) and when data collection took place (2016/17). Data

collection included questions about student group work, collegiality, the classroom-‐

learning environment and types and frequency of interactions with students.

Questions were answered in relation to two distinct points in time to track changes

over time.

The first dominant theme to emerge was that teachers emphasised the importance of

building positive relationships with their students. The participants reflected that the

TS PD resonated, reminded and consolidated the importance and use of group work (s-‐

s interactions) and developing and establishing a positive and safe learning
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environment (t-‐s interactions). During the TS PD, participants gained understanding of

the five pillars of cognitive acceleration including social construction and cognitive

conflict (Adey, 2006). These two pillars emphasise the importance of interactions in

small and large groups and they present a level of challenge appropriate for students,

according to the work of Vygotsky (Dullard & Oliver, 2012; Oliver & Venville, 2012).

Students need to feel safe and within their ‘zone of proximal development’ in order to

contribute to discussion (Pianta, Hamre, & Allen, 2012; Poulou, 2009). At the time of

data collection, participants viewed relationships with students as being very

important: connecting with them, encouraging, supporting, knowing how to interact,

communicating clear expectations, and having a deep understanding of how students

learn. Rubie-‐Davies (2007) and Hattie (2012) have researched about the importance of

establishing clear outcomes and having high expectations as a teacher. The nature and

quality of relationship interactions between students and teachers is essential to

understanding student engagement, which is linked to student outcomes (Pianta et al.,

2009). Research by Waldrip and Fisher (2003) about what makes an exemplary teacher

based on students’ perceptions includes leadership, organisation, being helpful,

supportive, listening in an interested manner, understanding, showing confidence and

giving responsibility to students. The teachers in this research also identified with the

importance of these traits at the time of data collection.

The use of small group work (s-‐s interactions) and whole group discussion (both t-‐s and

s-‐s interactions) was another theme that emerged at the time of data collection. As

previously mentioned, the participants reported that the TS PD resonated, reminded

and consolidated the importance and use of group work. As well, the value and

purpose of small group and whole class discussions was emphasised (as also reported

by Chin (2006); Gillies (2013); and Smart & Marshall (2013)). During the TS PD

program, participants gained an understanding of the ‘pillar’ of social construction

including the importance of group work amongst students, and listening to a number

of responses in order for students to construct their own knowledge (Dullard & Oliver,

2012; Oliver et al., 2012). The teacher acts as a facilitator. At the time of data

collection, the majority of participants identified group work (s-‐s interactions) and

facilitating class discussions (both t-‐s and s-‐s interactions) as being important elements

of their interactions. As facilitators of learning most participants had adopted a
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constructivist view of teaching (Waldrip & Fisher, 2003). Chin’s (2006) research about

how teacher questioning can be used to stimulate classroom discourse showed that it

could help develop students’ skills including thinking, self-‐monitoring, inquiry,

evaluative, metacognitive and higher order thinking. Cakir (2008) conducted a

literature review about the constructivist approach to learning science and the

implications for pedagogy. They found that dialogue between students and the

teacher is essential for meaningful deep learning to occur. When science teachers

facilitate an inquiry approach, their questions stimulate students’ thinking and make it

explicit for others to hear. Furthermore, teachers engage with students’ ideas and they

attempt to involve all students in discussion (Kawalkar & Vijapurkar, 2013).

Another type of interaction included teacher-‐teacher exchanges. During the TS PD

program most participants experienced high collegiality with their colleagues. They

saw that they were on a journey together, so although there were negative factors

such as workload pressures, relationships with their colleagues, although not perfect,

were emphasised. All participants thought that collegiality was important and of value,

however, they also acknowledged that the TS PD was not the only reason for this

opinion. At the time of data collection, participants reported they valued collegiality

(as highlighted by Loucks-‐Horsley et al., 2009), however, their perspectives of it in

practice varied and there was no common theme (as reported by Opfer & Pedder,

2011). School contexts, level of experience and workload pressures varied for each

teacher participant. Hoerr (1996) identified that empowering teachers to collaborate is

not easy. Factors that need to be considered and put in place include time is a precious

resource for a teacher; an invitation to collaborate is better than a command; teachers

need to be heard; and teachers need appropriate time allocated for them to

collaborate effectively and genuinely.

RESEARCH QUESTION 3 – TEACHER EFFICACY

The third and final specific research question related to participant perspectives about

teacher efficacy. Responses to questions were in relation to the TS PD (2009-‐12) and

the time period when data collection took place (2016/17). A teacher’s efficacy is a

judgment of his or her capabilities to bring about desired outcomes of student

engagement and learning and this judgment has powerful effects (Tschannen-‐Moran &
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Hoy, 2001). Questions were asked of participants about their sense of efficacy and

whether the TS PD program was a contributing factor. They were requested to offer

examples to help elaborate. Questions were answered in relation to two distinct points

in time (during the TS PD and when data was collected four to six years later) to track

changes over time.

During the TS PD program there was a diversity of responses from the participants

about their feelings of efficacy. They were in different career stages ranging from

graduate to experienced to being in a leadership position. In addition the context of

each school varied which can be a contributing factor to efficacy (as reported by

Guskey (1994) and Opfer and Pedder (2011). Each participant identified varying

aspects of the TS PD program and how it affected their efficacy, including for example

an uncomfortable dissidence in their teaching practice, more reflective, raised

importance of questioning, and the opportunity for positive experimentation. At the

time of data collection all participants felt confident in their role as a teacher and the

majority reported that they were facilitators of student learning. Responses tended to

be very contextual, according to, for example their school culture and workload

pressures. This contributed to participants’ sense of positive efficacy. Tschannen-‐

Moran and Hoy (2001) concur in that there are questions about the extent to which

teacher efficacy is specific to given contexts and to what extent efficacy beliefs are

transferrable across contexts. Teacher efficacy is a complex area to research, it is

multi-‐faceted and there is no single measure. For example it could be efficacy

pertaining to instructional strategies, classroom management and student

engagement (Friedman & Kass, 2002). Similarly in the research reported here,

although the focus was on teacher perspectives and not measuring efficacy,

participant opinions varied, however, the majority did concur with the instructional

strategies and student engagement aspects of efficacy given that they identified as

being facilitators of student learning. They could not, however, attribute this strategy

and their feeling of confidence as a teacher totally to the TS PD program; it was one

variable among many.

Another point of variability to emerge in regards to teacher efficacy was pertaining to

a supportive school culture. During the TS PD program a dominant theme that
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emerged was that all participants spoke about having a supportive school culture, both

with their colleagues in a team environment and from the school administration. The

importance of school culture has been highlighted by Loucks-‐Horsley et al. (2009). This

supportive school culture contributed to teacher efficacy as the necessary resources

were in place for a new intervention to be implemented. At the time of data collection

there was no dominant theme in relation to a positive school culture. Four out of five

participants were in TS schools, however they did not talk much about this aspect,

although one did comment that being involved in this research actually raised his

awareness of the importance of TS and that it needs to go back to being a focus in his

team. Once an intervention is implemented, it needs ongoing resourcing, a supportive

administration and time for teacher collaboration in order to be maintained

successfully (Avalos, 2011; Cole, 2012; Opfer & Pedder, 2011).

RECOMMENDATIONS FOR TS (IN PARTICULAR) AND TEACHER PROFESSIONAL

GROWTH (IN GENERAL)

Although the sample size has been small, this was a longitudinal investigation covering

an extended period of four to six years after the TS PD program, and multiple sources

of data were employed for each participant. There is no intention to generalise

findings from this study to TS PD in other contexts. However, these findings offer ‘food

for thought’ in other jurisdictions.

The recommendations that follow are grouped as follows: for schools, teachers and

pre-‐service teachers; for Thinking Science; for professional development on Thinking

Science; and for professional development in general.

Recommendations for schools, teachers and pre-‐service teachers in general

Recommendation 1

Pre-‐service and practicing teachers should focus on developing thinking skills in their

students as such skills are considered central for 21st century learning. In order to do

this the teacher needs to learn how to act as a facilitator and become a highly

competent questioner, especially asking metacognitive questions.
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Recommendation 2

Pre-‐service and practicing teachers need to learn how to engage students in deep

learning that transfers across the curriculum, so students understand the learning

process and can apply their knowledge more widely. In order to accomplish this,

teachers need to develop their skills in conducting small group as well as whole class

discussions involving all students.

Recommendation 3

Higher order thinking skills include critical, logical, reflective, metacognitive, and

creative thinking as well as problem solving and transfer learning. They are often also

labelled 21st century or STEM skills, and are considered by governments and industry

as essential characteristics for future students to operate in a globalised world.

Teachers need to incorporate appropriate pedagogies to develop higher order thinking

skills in students.

Recommendations for Thinking Science

Recommendation 4

Expand the implementation of TS into more schools, but ensure that all of the

elements that affect the successful implementation of the program are in place

including resourcing, senior administration support, coordinator time, time to work as

a team, access to formal TPD, space in the curriculum to incorporate the lessons,

classroom coaching, and feedback.

Recommendations for professional development on Thinking Science

Recommendation 5

When engaging in a new intervention such as TS, where the implementation and TS PD

occur over a two-‐year period, teachers need to be made aware that the pedagogy

takes time to grasp; be encouraged to keep trying when they experience frustration in

a lesson that doesn’t go smoothly; understand that commitment to and ownership of

TS is essential; comprehend that the spaced formal TPD days serve as a reminder

about the importance of the ‘five pillars’; have confidence in the research which shows

a strong evidence of effect; and persist during challenging times.
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Recommendation 6

In the latter stage of the TS PD program, incorporate more learning about transferring

the TS pedagogy beyond the 30 TS lessons, including how teachers can use the skills in

other lessons and general classes.

Recommendations for professional development in general

Recommendation 7

The TS PD program is a model that encompasses what much literature (e.g. Loucks-‐

Horsley et al., 2009) identifies as successful in TPD, including spaced formal TPD, time

to practice, an evidence and research base, working as a team, resources, external

support for modelling and lesson observation, and feedback. Although it uses science

activities as the vehicle, the actual model of TPD could be used to develop other TPD

programs.

Recommendation 8

The TS PD program is a constructivist approach to education. It is a TPD model based

on what has been identified as successful TPD (Loucks-‐Horsley et al., 2009) and there

are associated supporting lessons where teachers practice the unique pedagogy, in

order to develop constructivist skills. The TS PD program model can be used to help

teachers develop a constructivist approach to teaching.

FUTURE RESEARCH

This study has shed light on teachers’ perspectives on the TS PD program four to six

years after they engaged in the PD. However, as is the case with any research, a

number of issues have arisen that are beyond the scope of this study that would merit

further attention, as outlined below.

This research had a small sample size of five participants (although 15 sets of data). It

would be informative to firstly, expand the sample size and secondly, extend the

research to include a comparison between participants who are currently in TS schools

and those that are not, to see if there are any trends or points of difference.
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Participant teachers in this study often spoke about factors impinging on their

implementation of TS, whether they had access to the TPD and what positive elements

in their context were in place to ensure successful implementation. There is scope to

conduct an in-‐depth case study to find out what makes a TPD program, such as TS,

successful, how it is implemented and how the program is sustained within the school

context as teachers transfer in an out.

This chapter was introduced by identifying the extent to which each participant

engaged with the TS PD program in their classroom, over an extended period of four to

six years after the TPD. Variability in this engagement across the participant group was

represented on a continuum from high to low. The chapter then discussed the findings

from each of the specific research questions in relation to the literature, and identified

recommendations from this research in regards to TS in particular and TPD in general.

Finally the chapter concluded with suggestions for future research.

Although this investigation involved a small sample of teachers, the in-‐depth probing

revealed that teachers identified many of the aspects of effective and ineffective TPD,

as has been reported in the literature. Teacher professional growth includes a

sustained change in both teacher practice and pedagogy (Mevarech, 1995). For the

majority of participants in this study the TS PD program has contributed to their

professional growth, as they described how they have engaged with the TS

methodology not just during the lessons, but in their broader teaching context and

how they continue to use it today.

In concluding this thesis, one participant’s ‘voice’ is used to synthesise the impact of

the TS PD program for most participants.

We want these STEM and capable students, we want these 21st century

learners who can do all these things that we don’t even know that they are

going to need, but these fundamental skills, a lot of us have recognized for a

long time, but how to get there is the hard part, and so for me having a

mechanism that I have trained in [TS PD], that I can adapt, that I can bridge into

new contexts……that’s really powerful and so you can use principles of that
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pedagogy [TS] that help kids develop those application skills, as critical and

creative thinkers, so that they are ready even if you never touch any

engineering in your science curriculum.
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APPENDIX A: SEMI-‐STRUCTURED INTERVIEW 1 QUESTIONS

Background Questions:
[Set the scene; remind participant of what is meant by the TS PD program – Formal
PD days (6 days over two years); 30 TS lessons spread out over two years, once a
fortnight; collegiality (formal meetings/informal discussions etc); classroom
coaching/feedback/demonstrations; supportive senior admin/resourcing; TS
coordinator]

1. What is your current teaching context compared to when you did the TS PD?
Does your current school do TS? Are you engaged in currently teaching TS?
How many years ago did you do the TS PD (this may be difficult to recall)?

How does the Thinking Science professional development program impact on
teachers:

Science teacher efficacy
[Define self-‐efficacy for participant] belief in own coping ability as a science teacher;
this in turn influences teacher behaviour…kinds of things they do.

2. Describe your sense of self-‐efficacy as a science teacher now. Please explain.
Give examples. Does the belief in your own abilities as a science teacher affect
the way you teach/interact with your students? Please give examples.

3. Is your school currently involved in teaching the TSA program? Does this affect
your confidence level and self-‐efficacy as a science teacher? Please explain.

Compared to the way you feel now:

4. What was your sense of self-‐efficacy as a science teacher over the course of
the TS PD? Were there any changes along the way? Please explain.

5. Have there been changes in your effectiveness/self-‐efficacy as a teacher from
the end of the TS PD to now?

6. Would any of the change be attributable to the TS PD program? Give
examples. To what degree? [where on a continuum?]

Types of pedagogy employed [Define pedagogy for participant and give examples]
Pedagogy comprises teachers’ ideas, beliefs, attitudes, knowledge and understanding
about the curriculum, the teaching and learning process and their students, and
which impact on their ‘teaching practices’, that is, what teachers actually think, do
and say in the classroom.

7. Describe some of the main types of strategies/pedagogy you employ as a
teacher. Why do you prefer these strategies/methods over others? What is
their purpose?
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8. Over the course of the TS PD, what types of pedagogy (teaching practice and
methods) did you employ? Please explain. Did these change during the course
of the TS PD? Why? Please explain.

9. Have the types of pedagogy you employ in the classroom changed since you
concluded the TS PD program? If yes…How? Please explain. Why is this the
case?

Questioning is an important skill as a teacher.
10. What types of questioning do you utilise in your classroom now? Please give

some examples.

11. How do you choose certain types of questions to use in class? What is the
intended learning?

12. What influences and how do you decide on question delivery and
distribution?

13. Over the course of the TS PD, did your opinion of/strategies used in regards to
questioning students’ change/stay the same? Why? Please explain.

14. Has the use of questioning techniques you use in the classroom changed since
you concluded the TS PD program? If yes/no…How? Please explain. Why is this
the case?

The nature of classroom interactions: teacher-‐teacher; teacher-‐student; student-‐
student

15. Do you currently use pair/group work in your classroom? Why/why not? How
frequently? When do you consider pair/group work to be effective? Give an
example.

16. Do you think students learn more in groups or not? What are the
advantages/disadvantages of pair/group work?

17. Over the course of the TS PD, did your opinion of/strategies used in regard to
group work change/stay the same? Why? Please explain.

18. Has the use of pair/group work you use in the classroom changed since you
concluded the TS PD program? If yes/no…How? Please explain. Why is this the
case?

19. How important is collegiality (provide a short description) amongst your peers,
important in supporting your teaching practice? Why/why not? Give examples

20. During the time you were involved in the TS PD, what was the level of
collegiality amongst your peers? Please describe. Was any of this attributable
to the TS PD? Please explain.
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21. How do you currently establish the learning environment
(physical/emotional/intellectual) within your class at the beginning of the
school year? Start of each class? What sorts of expectations do you share with
the students? How are ideas reinforced/maintained throughout the year?

22. Think back to when you were involved in the TS PD, was the way and why you
established the learning environment within your class similar/different to
now? Please explain.
• Compare this to prior to the TS PD and implementation? Describe.

23. Think about the way you interact with students in the classroom now. How do
you interact with students? Give examples. Why do you interact with students
in this way, what is the intention?

24. Think about the types & frequency of classroom interactions you had with
your students during the TS PD. Compare these interactions to now. Why are
they similar/different? What can you attribute this to?

25. Think about the types & frequency of classroom interactions you had with
your students before commencing the TS PD. Compare these interactions to
now. Why are they similar/different? What can you attribute this to?

What are science teachers’ perspectives on the impact of the Thinking Science
Professional Development (TS PD) program on their professional growth? [ball park; pie
in the sky]

Is there something you think is important in relation to this program or even science
teacher education in general.

Any other comments?
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APPENDIX B: SEMI-‐STRUCTURED INTERVIEW 2 QUESTIONS

How does the Thinking Science professional development program impact on
teachers:
Science teacher efficacy
[Define self-‐efficacy for participant] belief in own coping ability as a science
teacher; this in turn influences teacher behaviour…kinds of things they do.

1. How did today’s lesson make you feel about your ability as a science
teacher? Give examples.

2. In what ways does your self belief as a teacher affect the way you
teach/interact with your students? In particular, think about today’s lesson,
can you please give examples?

Compared to the way you feel now:

3. What was your sense of self-‐efficacy as a science teacher over the course of
the TS PD? Were there any changes along the way? Please explain.

4. Have there been changes in your effectiveness/self-‐efficacy as a teacher
from the end of the TS PD to now?

5. Would any of the change be attributable to the TS PD program? Give
examples. To what degree? [where on a continuum?]

Types of pedagogy employed [Define pedagogy for participant and give examples]
Pedagogy comprises teachers’ ideas, beliefs, attitudes, knowledge and
understanding about the curriculum, the teaching and learning process and their
students, and which impact on their ‘teaching practices’, that is, what teachers
actually think, do and say in the classroom.

6. What teaching strategies did you employ in today’s lesson? Why do you
prefer these strategies/methods over others? What is their purpose?

7. Has the TS PD influenced your selection and use of strategies you used
today? How? Please explain.

Questioning is an important skill as a teacher.
8. What types of questioning did you utilise in your classroom today? Please

give some examples.

9. How did you choose certain types of questions to use in class? What is the
intended learning?

10. What influences and how do you decide on question delivery and
distribution?
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11. Over the course of the TS PD, did your opinion of/strategies used in regards
to questioning students’ change/stay the same? Why? Please explain.

12. Has the use of questioning techniques you use in the classroom changed
since you concluded the TS PD program? If yes/no…How? Please explain.
Why is this the case?

The nature of interactions: teacher-‐student; student-‐student;

13. How did you establish the learning environment
(physical/emotional/intellectual) within your class at the beginning of the
school year? Start of this class? What sorts of expectations did you share
with the students?

14. Think back to when you were involved in the TS PD, was the way and why
you established the learning environment within your class similar/different
to now? Please explain.
• Compare this to prior to the TS PD and implementation? Describe.

15. Give some examples of how you interacted with students today, why did
you select these methods? Were they intentional? Give examples.

16. Think about the types & frequency of classroom interactions you had with
your students during the TS PD. Compare these interactions to now. Why
are they similar/different? What can you attribute this to?

17. Think about the types & frequency of classroom interactions you had with
your students before commencing the TS PD. Compare these interactions to
now. Why are they similar/different? What can you attribute this to?

18. Give some examples of how the students interacted with one another
today, why did you select these methods? Were they intentional? Give
examples.

19. Think about the types & frequency of classroom interactions students had
with one another during the TS PD. Compare these interactions to now.
Why are they similar/different? What can you attribute this to?

20. Think about the types & frequency of classroom interactions students had
with one another before commencing the TS PD. Compare these
interactions to now. Why are they similar/different? What can you attribute
this to?

What are science teachers’ perspectives on the impact of the Thinking Science
Professional Development (TS PD) program on their professional growth? [ball park; pie
in the sky]

Is there something you think is important in relation to this program or even science
teacher education in general?

Any other comments
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APPENDIX C: LESSON OBSERVATION PROTOCOL

Teacher Name: School: Class: Date & Time:

Duration:

Chronological
Order Descriptive and reflective notes

Descriptive
notes –
Description of
phase/activity
Duration

Types of
pedagogies
used -‐
examples

Questioning –
e.g.: types;
quantity;
examples

Classroom
environment –
e.g.: features;
physical;
covert;
teacher
expectations;
examples

Interactions –
student/student;
student/teacher;
quantity; quality;
examples

Prior to lesson
starting
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APPENDIX D: EXAMPLE OF LETTER TO PRINCIPAL – DEPARTMENT OF EDUCATION
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APPENDIX E: EXAMPLE OF LETTER TO PRINCIPAL – NON-‐GOVERNMENT SCHOOL
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APPENDIX F: PRINCIPAL CONSENT FORM
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APPENDIX G: EXAMPLE OF LETTER TO POTENTIAL PARTICIPANT



113



114

APPENDIX H: PARTICIPANT CONSENT FORM




